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Preface

The first edition of this text, titled Differential Diagnosis of
Tumors and Tumor-like Lesions of Bones and Joints, was pub-
lished in 1998. The past eight years have brought
significant changes to the imaging of musculoskeletal
lesions, as well as changes in the pathologic classification
of many of the tumors. In particular, further technologi-
cal advances in the field of radiology, mainly technical
improvements in orthopaedic imaging of bone and soft
tissue tumors using positron emission tomography
(PET), computed tomography (thin-section CT and 3-D
CT studies), and magnetic resonance imaging (MRI), as
well as wide use of enzyme histochemistry, immunohisto-
chemistry, and genetics (flow cytometry, cytogenetics,
and molecular cytogenetics) in pathology, prompted the
need for a new edition of this book. The title has been
changed to Differential Diagnosis in Orthopaedic Oncology,
and although the main emphasis is on lesions of the
bones and joints, some of the soft tissue tumors have also
been included (the scope of this text precluded discus-
sion of all the soft tissue tumors). A new co-author has
been added; he is Gernot Jundt, M.D., Professor of
Pathology at the Bone Tumor Reference Center of the
Institute of Pathology, University Hospital in Basel,
Switzerland. Dr. Jundt is a panelist of the Working Group
of the World Health Organization (WHO), the body
that, in 2002, revised the old classification and proposed
a new classification of several tumors of soft tissue and
bone. This addition guarantees inclusion of the most up-
to-date information on histopathologic classification and
differential diagnosis of musculoskeletal lesions.

As in the first edition, the thrust of this text is facilita-
tion of the complex differential diagnosis of bone and
joint tumors and tumor-like lesions that confronts the
radiologist, pathologist, and orthopaedic oncologist.
Again, the emphasis is on radiologic and histopathologic
approaches to the same lesion, because the differential
diagnosis of a given tumor considered by the radiologist
may vary from that considered by the pathologist. The
text provides an overview of the diverse radiologic and
histopathologic appearances of benign and malignant
musculoskeletal lesions, including typical and atypical
features. Each chapter presents information concerning
clinical presentation of the lesion, imaging techniques
and radiologic features, histopathology, and radiologic
and pathologic differential diagnosis. Pathology sections
stress the use of immunohistochemistry and genetics
as they are applied to differential diagnosis. As in the

previous edition, the chapters are richly illustrated with
radiographs, CT and MR images, photomicrographs in
color, and schematic drawings. Important diagnostic
features are provided in concise tables, and a summary
of differential diagnoses (both radiologic and patho-
logic) is included at the end of each section in the form
of a schematic drawing that also depicts the less likely
possibilities not discussed in the text.

There are many changes, additions, and improve-
ments in this new edition. The book has received a new
design, and the Table of Contents is now more detailed.
The captions for the illustrations have been improved,
with the diagnosis placed at the beginning of the legend
in boldface type. Technically suboptimal figures have
been either deleted or substituted with better-quality im-
ages (particularly in the pathology sections). Outdated
text and references have been deleted and replaced with
current ones. The text has been revised to include
additional MRIs, CTs, and 3-D CT images. Several new
sections have been added to almost every chapter. For
example, in Chapter 1 the latest information on PET has
been included. Also revised are the pathology sections,
with addition of basic techniques and methods of
decalcification, special stains, enzyme histochemistry,
immunohistochemistry, and genetics in bone tumors.
Chapter 2 has been completely rewritten, with addition
of new material, particularly on bone island, osteosar-
coma associated with syndromes, and description of new
developments in cytogenetics and molecular cytogenet-
ics of bone-forming tumors, both of which are on the
cutting edge of research into these lesions. Moreover,
the new classification of osteosarcomas has been added
in the form of a diagram. Chapter 3 includes new text on
myxoid chondrosarcoma, and significant changes have
been made to the section discussing extraskeletal chon-
drosarcomas. In Chapter 4 more information on Jaffe-
Campanacci and Mazabraud syndromes has been
provided, along with new material on focal fibrocartilagi-
nous dysplasia of long bones, pachydysostosis of the
fibula, and liposclerosing myxofibrous tumor of bone.
The reader will also find the recently revised concepts
on fibrosarcoma and malignant fibrous histiocytoma.
Because of the latest viewpoints on the so-called small,
blue round cell tumors of bone and their classification,
this section in Chapter 5 had to be substantially rewritten
to include differential diagnoses based on genetic alter-
ations. Similarly, because of new approaches to benign

ix
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x — Preface

and malignant vascular lesions, particularly the recent
redefinition of biological classification of vascular anom-
alies and a recent attempt by WHO to clarify the existing
nomenclature for malignant vascular tumors, Chapter 6
required substantial revision. Minor changes have been
also made in Chapters 7 to 9; however, all chapters have
received up-to-date references.

The histopathologic material, with a few exceptions,
was obtained from the Swiss Bone Tumor Reference

Center at the Institute of Pathology, University of Basel,
Switzerland.

This text has been written primarily for the audience
of radiologists, pathologists, and orthopaedic oncolo-
gists, although other physicians interested in orthopae-
dic oncology may also find it useful.

Adam Greenspan
Gernot Jundt

Wolfgang Remagen
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The ideal therapeutic goals for managing patients with
primary or metastatic lesions can be incorporated into
a triad of important factors: (a) do not overtreat a be-
nign bone tumor; (b) do not undertreat a malignant
bone tumor; and (c) do not take an incorrect biopsy
approach to the lesion, because this may suggest a need
for radical rather than more conservative surgery
(117,133,155). Achieving these goals depends on close
cooperation among the radiologist, the pathologist,
and the tumor surgeon (7,75,83).

Several factors make precise diagnosis of osseous tu-
mors difficult. Although radiographic features have a
high correlation with malignancy, benignity, and some-
times even an exact histologic diagnosis, radiographic
determination of these characteristics is based on statis-
tical probabilities. Moreover, errors in the radiologic
interpretation may occur. These can usually be ascribed
to failure to recognize a specific pathologic finding or
to misinterpretation of normal structures as patho-
logic. Regardless of how persuasive a radiologist’s clini-
cal assessment of the biologic potential of a lesion may
be to a pathologist colleague, any lesion, no matter how
radiologically typical it appears, may represent an en-
tirely different entity on histologic examination (68). A
confident radiologic diagnosis may not outweigh the
microscopic appearance of the lesion.

Both the radiologist and the pathologist play impor-
tant roles by providing the diagnosis and/or differential
diagnosis of a bone tumor, thus aiding the clinician in
the complex process of patient management. Before a
final diagnosis or differential diagnosis is made, clinical

CHAPTER

1
Radiologic and 
Pathologic Approach 
to Bone Tumors
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2 — Differential Diagnosis in Orthopaedic Oncology

information, radiologic imaging, and pathologic mate-
rial should be carefully studied and correlated. The radi-
ologist has the significant advantage of being able to
view the three-dimensional extent of a bone tumor,
whereas the pathologist can view only a small biopsy
specimen of the lesion selected by the surgeon (133),
which may not reflect the histology of the entire lesion.
Obviously, viewing the entire resected specimen en-
hances the final pathologic evaluation. Many years ago,
Ewing commented that “the gross anatomy (as revealed
in radiographs) is often a safer guide to a correct clinical
conception of the disease than the variable and uncer-
tain nature of a small piece of tissue” (48). It is impor-
tant to emphasize that the differential diagnosis contem-
plated by the radiologist may be identical to or different
from that contemplated by the pathologist. For example,
a radiologist who is evaluating a lesion that looks like an
aneurysmal bone cyst must include in the differential di-
agnosis the possibility of telangiectatic osteosarcoma.
Likewise, the pathologist who is looking at the histologic
sections of the same lesion must also consider the possi-
bility of telangiectatic osteosarcoma because both lesions
have several histopathologic similarities. On the other
hand, in the radiologic evaluation of a purely lytic lesion
at the articular end of a long bone that looks like a giant
cell tumor, plasmacytoma might enter into the differen-
tial diagnosis, whereas for a pathologist examining the
same lesion (which in fact is a giant cell tumor), the dif-
ferential diagnosis will obviously include other lesions
that may contain giant cells. However, the pathologist
would not consider plasmacytoma as one of the differen-
tial possibilities because of the completely different his-
tologic pattern of this tumor.

For teaching purposes, the diagnostic approach to
bone tumors is discussed separately from the radiologic
and the pathologic point of view.

Radiology

In general, the imaging of musculoskeletal neoplasms
can be considered from three standpoints: detection,
diagnosis and differential diagnosis, and evaluation
(staging) (Fig. 1-1). Detection of a bone tumor does

not always require the expertise of a radiologist. The
clinical history and the physical examination are often
sufficient to raise the suspicion of a tumor, although ra-
diography is the most common means of revealing one.
Skeletal scintigraphy can also pinpoint lesions, but its
findings are nonspecific.

Despite the dramatic advances in imaging technology
that have occurred in recent decades, especially the in-
troduction of cross-sectional imaging modalities such as
computed tomography (CT) and magnetic resonance
imaging (MRI), radiography remains the single most im-
portant modality for establishing a diagnosis (69) and
serves as the basis for differential diagnosis (37,115,136).
It yields the most useful information about the location
and morphology of a lesion, particularly concerning the
type of bone destruction, calcifications, ossifications, and
periosteal reaction. Conventional tomography, although
presently rarely implemented, can be a useful diagnostic
tool, particularly on those occasions when questions
arise regarding cortical destruction, periosteal reaction,
or mineralization of the tumor matrix. It can also detect
occult pathologic fracture (1). Scintigraphy is only occa-
sionally helpful in making a specific diagnosis but can
be valuable in distinguishing, for example, multiple
myeloma from similar-appearing metastases (121) or for
distinguishing a benign or malignant sclerotic tumor
from a bone island (70).

The imaging advances of the past decade have been
most profoundly felt in the evaluation (staging) of bone
tumors (46,102,144,145). The multiplanar capabilities
and unsurpassed soft tissue contrast offered by CT
(24,114) and MRI (10,11,103) have rendered these
modalities indispensable in tumor staging (15,33,57,64,
148). They have enabled radiologists to determine tu-
mor size, location, and configuration more accurately
than ever before and have facilitated demonstration of
intra- and extramedullary extension of tumors and the
relationship of tumors to individual muscles, muscle
compartments, fascial planes, and neurovascular bun-
dles, as well as to neighboring joints and organs (12,13,
189). MRI, in fact, affords more accurate anatomic stag-
ing than any other imaging method (19,20,32). Never-
theless, it is rarely helpful in differentiating benign from
malignant tumors, despite attempts to identify signal in-
tensity patterns, the appearance of tumor margins, the
presence of edema, and neurovascular bundle involve-
ment as markers for this essential determination (76,93).

Other techniques also play roles in evaluation of
bone tumors. These include scintigraphic techniques
using technetium (Tc-99), gallium citrate (Ga-67), and
indium (In-111)–labeled white blood cells, as well as sin-
gle photon emission computed tomography (SPECT),
among others (12,13,47,55,92,121,189). Because these
imaging methods use radiopharmaceutical labeling,
they can provide information about the pathophysio-
logic function of bone and surrounding soft tissues, as
well as the size and location of a lesion (120).

Most recently the application of positron emission to-
mography (PET) for diagnosis of musculoskeletal neo-
plasms gained a worldwide acceptance (2,21,104,182).
PET differs from other single-photon radionuclide scans
in its ability to correct for tissue attenuation signal loss

Figure 1-1 Imaging of tumors. Imaging of musculoskeletal
neoplasms can be considered from three aspects: detection,
diagnosis (or differential diagnosis), and evaluation.
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CHAPTER 1 Radiologic and Pathologic Approach to Bone Tumors — 3

and its relatively uniform spatial resolution (52). This
technique contributes unique information regarding
metabolism of musculoskeletal lesions (51) based on ob-
servations of high glycolysis rates in malignant tissues
(186). In particular, whole-body 18F-labeled 2-fluoro-2-
deoxyglucose (18FDG)-PET scanning is a valuable ad-
junct in identifying primary, recurrent, and metastatic
cartilage malignancies (52).

Arteriography is used mainly to map out bone lesion
and to assess the extent of disease. It is also used to
demonstrate the vascular supply of a tumor and to local-
ize vessels suitable for preoperative intraarterial
chemotherapy as well as to demonstrate the area suitable
for open biopsy, because the most vascular parts of a tu-
mor contain the most aggressive components. Occasion-
ally, arteriography can be used to demonstrate abnormal
tumor vessels, corroborating findings revealed by radiog-
raphy. In selected cases, this technique may help to dif-
ferentiate osteoid osteoma from bone abscess.

Ultrasonography only rarely contributes informa-
tion useful in differential diagnosis of malignant and
benign musculoskeletal tumors (18).

Radiography

Conventional radiographs continue to provide a wealth
of information whose implications can be helpful in
the precise diagnosis of a bone tumor (69,96,106,140,
192,210). However, radiography does not provide a di-
agnosis in every case (86). Some types of tumor can be
diagnosed with certainty by their radiographic appear-
ance alone, other types can be diagnosed only with var-
ious degrees of probability, and still others may have an
appearance compatible with that of more than one
type of tumor and therefore allow only a differential di-
agnosis to be made (134,163). The information yielded
by radiography includes (Fig. 1-2):

• Topography of the lesion (location in the skeleton
and in the individual bone)

• Borders of the lesion (the so-called zone of
transition)

• Type of bone destruction
• Type of periosteal response to the lesion (periosteal

reaction)
• Type of matrix of the lesion (composition of the tu-

mor tissue)
• Nature and extent of soft tissue involvement

Patient age and determination of whether a lesion is
solitary or multiple are the starting approaches in the di-
agnosis of bone tumors (Fig. 1-3). The age of the patient
is the single most important item of clinical data that can
be used in conjunction with the radiographic findings to
establish a diagnosis (99). Certain tumors occur almost
exclusively in a specific age group (Fig. 1-4). For exam-
ple, aneurysmal bone cyst, chondromyxoid fibroma, and
chondroblastoma rarely occur in individuals older than
20 years. Conversely, giant cell tumor of bone almost in-
variably arises after growth plate closure, and metastatic
lesions, myeloma, and conventional chondrosarcoma
are rarely encountered in patients younger than 40 years

(105,108). Some bone tumors associated with specific
age groups may have different radiographic presenta-
tions and appear in atypical locations, when they arise
outside of their usual age population. Simple bone cysts,
for example, are found almost exclusively in the long
bones (proximal humerus, proximal femur) before
skeletal maturity. After skeletal maturity they may arise in
the pelvis, scapula, or calcaneus, among other sites, and
may exhibit unconventional radiographic features with
progressing age (141).

Determining the number of lesions also has impor-
tant implications. Benign lesions tend to involve multi-

Figure 1-2 Radiographic features of tumors and tumor-
like lesions of bone.

Figure 1-3 Analytic approach to evaluation of the bone
neoplasm. Pragmatic analysis must include patient age,
multiplicity of a lesion, location in the skeleton and in the
particular bone, and radiographic morphology.
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4 — Differential Diagnosis in Orthopaedic Oncology

ple sites, as in polyostotic fibrous dysplasia, enchon-
dromatosis, multiple osteocartilaginous exostoses,
Langerhans cell histiocytosis (eosinophilic granuloma),
hemangiomatosis, and fibromatosis. In contrast,
primary malignancies, such as osteosarcoma, Ewing
sarcoma, fibrosarcoma, and malignant fibrous histiocy-
toma, rarely present as multifocal disease. Multiple ma-
lignant lesions usually indicate metastatic disease, mul-
tiple myeloma, or lymphoma.

Site of the Lesion

Some tumors have a predilection for specific bones or
specific sites in bone (Table 1-1 and Fig. 1-5). This loca-

tion is determined by the laws of field behavior and de-
velopmental anatomy of the affected bone, a concept
first popularized by Johnson (84,133). Parosteal os-
teosarcoma, for example, arises with very rare ex-
ceptions in the posterior aspect of the distal femur, a
feature so characteristic that it alone can suggest the
diagnosis (Fig. 1-6). The same can be said of chondro-
blastoma, which has a strong preference for the epiph-
ysis of long bones before skeletal maturity (Fig. 1-7).
Adamantinoma and osteofibrous dysplasia have a
specific predilection for the tibia (Fig. 1-8; see also Figs.
4-49, 4-50, and 7-64). A lesion’s location can also ex-
clude certain entities from the differential diagnosis.

Figure 1-4 Peak age incidence of some benign and malignant tumors and tumor-like lesions.
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CHAPTER 1 Radiologic and Pathologic Approach to Bone Tumors — 5

Table 1-1 Predilection of Tumors for Specific Sites in the Skeleton

A. Skeletal Predilection of Benign Osseous B. Skeletal Predilection of
Neoplasms and Tumor-like Lesions Malignant Osseous Neoplasms

Axial skeleton

Appendicular skeleton

Specific predilections

Modified from Fechner RE, Mills SE. Tumors of the bones and joints, 3rd ed., Vol. 8. Washington, DC: Armed Forces Institute of Pathology,
1993:1–16.

Skull and facial bones: Osteoma, osteoblastoma,
Langerhans cell histiocytosis, fibrous dysplasia,
solitary hemangioma, osteoporosis
circumscripta (lytic phase of Paget disease)

Jaw: Giant cell reparative granuloma, myxoma,
ossifying fibroma, desmoplastic fibroma

Spine: Aneurysmal bone cyst, osteoblastoma,
Langerhans cell histiocytosis, hemangioma

Long tubular bones: Osteoid osteoma, simple bone
cyst, aneurysmal bone cyst, osteochondroma,
enchondroma, periosteal chondroma,
chondroblastoma, chondromyxoid fibroma,
nonossifying fibroma, giant cell tumor,
osteofibrous dysplasia, desmoplastic fibroma,
intraosseous ganglion

Hands and feet: Giant cell reparative granuloma,
florid reactive periostitis, enchondroma, glomus
tumor, epidermoid cyst, subungual exostosis,
bizarre parosteal osteochondromatous lesion

Simple bone cyst—proximal humerus, proximal
femur

Osteofibrous dysplasia—tibia, fibula (anterior
cortex)

Focal fibrocartilaginous dysplasia of long
bones—proximal metaphysis of tibia

Osteoid osteoma—femur, tibia
Chondromyxoid fibroma—tibia, metaphyses
Chondroblastoma—epiphyses
Giant cell tumor—articular ends of femur, tibia,

radius
Liposclerosing myxofibrous tumor—

intertrochanteric region of femur

Skull and facial bones: Mesenchy-
mal chondrosarcoma, chor-
doma, multiple myeloma,
metastatic neuroblastoma,
metastatic carcinoma

Mandible: Osteosarcoma, myeloma
Spine: Chordoma, myeloma,

metastases
Long tubular bones: Osteosarcoma

(all variants), adamantinoma,
malignant fibrous histiocytoma,
fibrosarcoma, primary lym-
phoma, chondrosarcoma,
angiosarcoma

Hands and feet: None

Adamantinoma—tibia, fibula
Parosteal osteosarcoma—distal fe-

mur (posterior cortex)
Periosteal osteosarcoma—tibia
Chondrosarcoma (conventional)—

femur, humerus, pelvic bones
Clear cell chondrosarcoma—

proximal femur and humerus
Chordoma—sacrum, clivus, C2
Multiple myeloma—pelvis, spine,

skull

Giant cell tumor, for example, should not be seriously
considered if the lesion does not affect the articular
end of a bone because very few of these tumors are
found anywhere else.

Equally important in the evaluation of a lesion’s site
is its location in relation to the central axis of the bone
(Fig. 1-9). This is particularly true when the lesion is lo-
cated in a long tubular bone, such as humerus, radius,
femur, or tibia (71). For example, simple bone cyst, en-
chondroma, or a focus of fibrous dysplasia always
appears centrally located (see Figs. 3-6B, 3-8, 3-9, 4-25,
7-17, and 7-18). In contrast, eccentric location is char-
acteristically observed in aneurysmal bone cyst, chon-
dromyxoid fibroma, and nonossifying fibroma (see
Figs. 3-74, 3-75, 4-2B, 4-3, 4-4, 7-31, and 7-33).

Borders of the Lesion

The borders or margins of a lesion are crucial factors
in determining the growth rate of a lesion and hence
whether it is benign or malignant (113). Three types
of lesion margins are encountered: (a) a margin with
sharp demarcation by sclerosis between the periph-
eral aspect of the tumor and the adjacent host bone

(IA margin), (b) a margin with sharp demarcation
without sclerosis around the periphery of the lesion
(IB margin), and (c) a margin with an ill-defined re-
gion (either the entire circumference or only a por-
tion of it) at the interface between lesion and host
bone (IC margin) (Fig. 1-10). Slow-growing lesions
are marked by sharply outlined, sclerotic borders, and
this narrow zone of transition usually indicates that a
tumor is benign (133). Benign lesions such as nonossi-
fying fibroma, simple bone cyst, and chondromyxoid
fibroma almost invariably exhibit sclerosis at their
borders (Fig. 1-11A). Indistinct borders (a wide zone
of transition), on the other hand, are typical of malig-
nant or aggressive lesions (Fig. 1-11B). Primary malig-
nancies such as fibrosarcoma, malignant fibrous
histiocytoma, lymphoma, multiple myeloma (or soli-
tary plasmacytoma), and metastases from primary
tumors of the kidney, thyroid, and gastrointestinal
tract usually lack a sclerotic border, as does the gi-
ant cell tumor of bone. Radio- or chemotherapy of
malignant bone tumors can alter their appearance,
causing them to exhibit sclerosis and a narrow zone of
transition (54).
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6 — Differential Diagnosis in Orthopaedic Oncology

The more well defined the margin (e.g., IA, IB),
the slower the biologic activity, and therefore the more
likely that the lesion is benign. Conversely, the less 
well defined the margin (IC), the greater the biologic
activity, and therefore the more likely that the lesion is
malignant (79,107).

Type of Bone Destruction

Destruction of bone represents not only a direct effect
of tumor cells but also reflects a complex mechanism in
which normal osteoclasts of the host bone respond to
pressure generated by the enlarging mass and by active
hyperemia associated with the tumor (134). Cortical
bone is destroyed less rapidly than trabecular bone.
However, loss of cortical bone appears earlier on radiog-
raphy because its density is highly homogeneous com-

pared with that of trabecular bone. In the latter, greater
amounts of bone must be destroyed (about 70% loss of
mineral content) before the loss becomes radiographi-
cally evident (134). Like the borders of a lesion, the
type of bone destruction caused by a tumor indicates its
growth rate. Bone destruction can be described as geo-
graphic (type I), moth-eaten (type II), and permeative
(type III) (105,107) (Fig. 1-12). Although none of these
features are pathognomonic for any specific neoplasm,
the type of destruction may suggest a benign or a malig-
nant process. Geographic bone destruction is character-
ized by a uniformly destroyed area usually within
sharply defined borders. It typifies slow-growing, benign
lesions, such as simple bone cyst, enchondroma, chon-
dromyxoid fibroma, or giant cell tumor. On the other
hand, moth-eaten (i.e., characterized by multiple, small,

Langerhans Cell Histiocytosis

Immature Skeleton
(Growth Plate Open)

Mature Skeleton
(Growth Plate Closed)

A B

C

Figure 1-5 Site of the lesion. A: Distribution of various lesions in a long tubular bone in a growing skeleton (growth plate is
open). B: Distribution of various lesions in a long tubular bone after skeletal maturity (growth plate is closed). C: Distribution
of various lesions in a vertebra. Malignant lesions are seen predominantly in its anterior part (body), whereas benign lesions
predominate in its posterior elements.

Text continues on page 11
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Figure 1-6 Site of the lesion. Parosteal osteosarcoma has a
predilection for the posterior aspect of the distal femur.

Figure 1-7 Site of the lesion. Chondroblastoma has a
predilection for the epiphysis of a long bone.

Figure 1-8 Site of the lesion. The tibia is a common site for
adamantinoma.

7
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A

Epicenter of the Lesion

Giant Cell
Tumor

Epicenter of the Lesion

B C

Figure 1-9 Site of the lesion. A: Location of the epicenter of the lesion usually determines the site of its origin, whether
medullary, cortical, periosteal, soft tissue, or in the joint. B: Eccentric versus central location of the similar-appearing lesions is
helpful in differential diagnosis. C: Cortical and parosteal (periosteal) lesions.

8 — Differential Diagnosis in Orthopaedic Oncology
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CHAPTER 1 Radiologic and Pathologic Approach to Bone Tumors — 9

B

Borders

Figure 1-10 Borders of the lesion. Borders of the lesion determine its growth rate. 1A, sharp sclerotic; 1B, sharp lytic; 1C, ill-
defined. (Modified from Madewell JE, Ragsdale BD, Sweet DE. Radiologic and pathologic analysis of solitary bone lesions. Part
I. Internal margins. Radiol Clin North Am 1981;19:715–748.)

A

Figure 1-11 Borders of the lesion. A: Sclerotic border or narrow zone of transition from normal to abnormal bone typifies a
benign lesion, as in this example of nonossifying fibroma in the distal femur. B: A wide zone of transition typifies an aggressive
or malignant lesion, in this case a plasmacytoma involving the pubic bone and supraacetabular portion of the right ilium.
(Reprinted with permission from Greenspan A. Orthopedic imaging, 4th ed. Philadelphia: Lippincott Williams & Wilkins, 2004.)
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Bone Destruction

A

B

C

D

Figure 1-12 Patterns of bone destruction. A:
Three types of bone destruction determine the
lesion’s growth rate. (Modified from Madewell JE,
Ragsdale BD, Sweet DE. Radiologic and patho-
logic analysis of solitary bone lesions. Part I. Inter-
nal margins. Radiol Clin North Am 1981;
19:715–748.) B: The geographic type of bone
destruction is characterized by a uniformly af-
fected area within sharply defined borders, in this
case a giant cell tumor. C: The moth-eaten bone
destruction is characteristic of rapidly growing in-
filtrating lesions, in this case myeloma. D: The
permeative type of bone destruction is character-
istic of round cell tumors, in this case Ewing sar-
coma. Note the almost imperceptible destruction
of the metaphysis of the femur by a tumor that
has infiltrated the medullary cavity and cortex
and extended into the surrounding soft tissues,
forming a large mass.
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CHAPTER 1 Radiologic and Pathologic Approach to Bone Tumors — 11

often clustered lytic areas) and permeative (i.e., charac-
terized by ill-defined, very small oval radiolucencies or
lucent streaks) types of bone destruction mark rapidly
growing, infiltrating tumors, such as myeloma, lym-
phoma, fibrosarcoma, or Ewing sarcoma. However,
some nonneoplastic lesions may demonstrate this ag-

gressive pattern. For example, osteomyelitis can exhibit
both type II (moth-eaten) and type III (permeative) pat-
terns of destruction (133). Similarly, hyperparathy-
roidism can cause a permeative pattern (113). The dis-
tinction between a moth-eaten and a permeative
pattern of destruction may be subtle; often the two pat-
terns coexist in the same lesion.

Periosteal Response

Like the pattern of bone destruction, the pattern of pe-
riosteal reaction is an indicator of the biologic activity
of a lesion (209). Bone neoplasms elicit periosteal reac-
tions that can be categorized as uninterrupted (contin-
uous) or interrupted (discontinuous) (160) (Fig. 1-13
and Table 1-2). Any widening and irregularity of bone
contour may represent periosteal activity. The solid pe-
riosteal reaction represents a single solid layer or multi-
ple closely apposed and fused layers of new bone at-
tached to the outer surface of the cortex (160) (Fig.
1-14). The resulting pattern is often referred to as corti-
cal thickening (49). Although no single periosteal re-
sponse is unique for a given lesion, an uninterrupted
periosteal reaction indicates a long-standing (slow-
growing), usually indolent, benign process. There are
several types of solid periosteal reaction: a solid but-
tress, such as is frequently seen accompanying aneurys-
mal bone cyst and chondromyxoid fibroma; a solid
smooth or elliptical layer, such as is seen in osteoid os-
teoma and osteoblastoma; an undulating type, most
frequently seen in long-standing varicosities, pul-
monary osteoarthropathy, chronic lymphedema, pe-
riostitis, and, rarely, with neoplasms (160); and a single
lamellar reaction, such as accompanies osteomyelitis,

Figure 1-13 Types of periosteal reaction. An uninter-
rupted periosteal reaction usually indicates a benign process,
whereas an interrupted reaction indicates a malignant or ag-
gressive nonmalignant process.

Table 1-2 Examples of Nonneoplastic and Neoplastic Processes Categorized by Type
of Periosteal Reaction

Uninterrupted Periosteal Reaction
Benign tumors and tumor-like lesions Nonneoplastic conditions
Osteoid osteoma Osteomyelitis
Osteoblastoma Langerhans cell histiocytosis
Aneurysmal bone cyst Healing fracture
Chondromyxoid fibroma Juxtacortical myositis ossificans
Periosteal chondroma Hypertrophic pulmonary osteoarthropathy
Chondroblastoma Hemophilia (subperiosteal bleeding)

Varicose veins and peripheral vascular insufficiency
Malignant tumors Caffey disease
Chondrosarcoma (rare) Thyroid acropachy

Treated scurvy
Pachydermoperiostosis
Gaucher disease

Interrupted Periosteal Reaction
Malignant tumors Nonneoplastic conditions
Osteosarcoma Osteomyelitis (occasionally)
Ewing sarcoma Langerhans cell histiocytosis (occasionally)
Chondrosarcoma Subperiosteal hemorrhage (occasionally)
Lymphoma (rare)
Fibrosarcoma (rare)
MFH (rare)
Metastatic carcinoma
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Langerhans cell histiocytosis, and stress fracture. An in-
terrupted periosteal response, on the other hand, is
commonly seen in malignant primary tumors and less
commonly in some metastatic lesions and highly ag-
gressive nonmalignant processes. In these tumors, the
periosteal reaction may appear in a sunburst (“hair-on-
end”) (Fig. 1-15A) or onion-skin (lamellated) pattern
(Fig. 1-15B,C). When the tumor breaks through the
cortex and destroys the newly formed lamellated bone,
the remnants of the latter on both ends of the break-
through area may remain as a triangular structure
known as a Codman triangle (Fig. 1-15D,E).

Type of Matrix

The matrix represents the intercellular material pro-
duced by mesenchymal cells and includes osteoid,
bone, chondroid, myxoid, and collagen material
(196). Assessment of the type of matrix allows differ-
entiation of some similar-appearing lesions and, in
particular, the tumor matrix provides a useful means
of differentiating osteoblastic from chondroblastic
processes. Although it should be kept in mind that tu-
mor bone is often radiographically indistinguishable
from reparative new bone deposited secondary 
to bone destruction by a reactive sclerosis or callus
formation, the presence of irregular, not fully miner-
alized bone matrix within or adjacent to an area of

bone destruction strongly suggests osteosarcoma (Fig.
1-16). Similarly, cottony or cloudlike densities within
the medullary cavity and in the adjacent soft tissues
are likely to represent tumor bone and hence os-
teosarcoma.

Calcifications in the tumor matrix, on the other
hand, point to a chondroblastic process. These calcifi-
cations typically appear punctate (stippled), irregu-
larly shaped (flocculent), or curvilinear (annular or
comma-shaped, rings and arcs). In benign or well-
differentiated malignant tumors they may reflect the
process of endochondral ossification (196) (Fig. 1-
17A). Differential diagnosis of stippled, flocculent, or
ring-and-arc calcifications includes enchondroma
(Fig. 1-17B), chondroblastoma, and chondrosarcoma
(Fig. 1-17C). Sometimes it is difficult to distinguish os-
seous matrix from cartilaginous matrix. The former
usually appears radiographically more organized and
structural (trabecular), whereas the latter is more
amorphous, with frequently distinguished characteris-
tic calcifications (described previously).

A completely radiolucent lesion may be either fi-
brous or cartilaginous in origin, although hollow struc-
tures produced by tumor-like lesions, such as simple
bone cysts or intraosseous ganglion, can also present as
radiolucent areas (Table 1-3).

12 — Differential Diagnosis in Orthopaedic Oncology

Figure 1-14 Solid type of periosteal reac-
tion. A: An uninterrupted solid periosteal
reaction is characteristic of benign lesions,
in this case a cortical osteoid osteoma. B:
An uninterrupted periosteal reaction typifies
changes of hypertrophic pulmonary osteo-
arthropathy as seen here in the distal rad-
ius and ulna and bones of the hand in a pa-
tient with carcinoma of the lung.

A B

Text continues on page 17
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CHAPTER 1 Radiologic and Pathologic Approach to Bone Tumors — 13

Figure 1-15 Interrupted type of periosteal re-
action. A: Highly aggressive and malignant le-
sions may present radiographically with a sun-
burst pattern of periosteal reaction, as seen in
this case of osteosarcoma. B: Another pattern of
interrupted periosteal reaction is the lamellated
or onion-skin type (arrow) as seen here in Ewing
sarcoma involving the proximal femur. C: Radi-
ographs of the slab sections (coronal at left and
transverse at right) of the resected specimen
from Ewing sarcoma demonstrate the lamellated
type in more detail (continued).

A B

C
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14 — Differential Diagnosis in Orthopaedic Oncology

D E
Figure 1-15 Continued D: Codman triangle (arrow) also reflects an aggressive, usually malignant type of periosteal re-
sponse. E: Schematic representation of periosteal reactive bone formation. (a) Tumor (red dashes) growing against the
endosteal border of the cortex blocks vascular supply and provokes reactive hyperemia of periosteum with secondary forma-
tion of a single layer of bone. (b) With progressive destruction of cortical bone, additional layers of periosteal bone form
lamellated (“onion-peel”) appearance. (c) After the rapidly growing tumor has destroyed cortex and newly formed periosteal
bone, remnants of the latter at the tumor border form a Codman triangle. (d) Slowly growing tumor leaves time to form per-
pendicular reactive periosteal bone (spiculae, sunburst appearance).

Osteoblastic (osteoid osteoma, 
osteoblastoma, osteosarcoma, low-
grade central osteosarcoma,
telangiectatic osteosarcoma)

Cartilaginous (enchondroma, 
chondroblastoma, chondromyxoid fi-
broma, chondrosarcoma)

Fibrous and histiocytic (fibrous cortical
defect, nonossifying fibroma, fibrous
dysplasia, osteofibrous dysplasia,
desmoplastic fibroma, fibrosarcoma,
malignant fibrous histiocytoma)

Intraosseous lipoma
Lymphoma
Myeloma (plasmacytoma)
Ewing sarcoma
Metastatic (from lung, breast, 

gastrointestinal tract, kidney, thyroid)
Giant cell tumor
Giant cell reparative granuloma
Langerhans cell histiocytosis
Paget disease (osteolytic phase—

osteoporosis circumscripta)

Simple bone cyst
Aneurystmal bone cyst
Various bone cysts (synovial, 

degenerative)
Hydatid cyst
Brown tumor of hyperparathyroidism
Vascular lesions
Hemophilic pseudotumor
Intraosseous ganglion
Bone abscess
Cystic tuberculosis

Table 1-3 Tumors and Pseudotumors That May Present as 
Radiolucent Lesions

A. Solid B. Cystic

a b c d
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CHAPTER 1 Radiologic and Pathologic Approach to Bone Tumors — 15

Figure 1-16 Types of matrix: osteoblastic. The matrix of a typical osteoblastic lesion is characterized by the presence of ei-
ther fluffy, cotton-like densities within the medullary cavity, such as in this case of osteosarcoma of the distal femur (A), by the
presence of the wisps of tumor-bone formation, like in this case of osteosarcoma of the sacrum (B), or by the presence of a
solid sclerotic mass, such as in parosteal osteosarcoma (C).

A

B

C
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Chondroid Matrix

Figure 1-17 Types of matrix: chondroid. A: Schematic representation of various appearances of chondroid matrix calcifica-
tions. (Modified from Sweet DE, Madewell JE, Ragsdale BD. Radiologic and pathologic analysis of solitary bone lesions. 
Part III. Matrix patterns. Radiol Clin North Am 1981;19:785–814.) B: Enchondroma displays a typical chondroid matrix. 
C: Chondrosarcoma with characteristic chondroid matrix.

A

B C
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CHAPTER 1 Radiologic and Pathologic Approach to Bone Tumors — 17

Soft Tissue Mass

With few exceptions—giant cell tumor, aneurysmal
bone cyst, and desmoplastic fibroma among the more
common examples—benign bone tumors usually do
not have an associated soft tissue mass, which is an in-
variable feature of many advanced malignant and ag-

gressive lesions (94) (Fig. 1-18). Nevertheless, it is im-
portant to note that some nonneoplastic conditions
also manifest with a soft tissue component (e.g., os-
teomyelitis). In such cases, however, the associated
mass is usually poorly defined and the fatty tissue layers
appear obliterated. This is in sharp contrast to the soft
tissue extensions typical of malignant processes, in
which a defined mass extends through the destroyed
cortex but the tissue planes are usually intact.

A bone lesion associated with a soft tissue mass should
prompt the question of which came first. Is the soft tis-
sue lesion an extension of a primary bone tumor, or is it
a primary soft tissue tumor invading bone? Some clues
may help to answer this question, but these observations
are by no means absolute (Fig. 1-19). A large soft tissue
mass with a smaller bone lesion usually indicates second-
ary bone involvement. That said, it is worth noting that
Ewing sarcoma and less commonly other malignant tu-
mors may exhibit a large soft tissue mass accompanying
a small primary bone malignancy. Another clue to help
determine the primary malignancy may be found in the
periosteal response. Primary soft tissue tumors adjacent
to bone usually destroy the neighboring periosteum
without eliciting a periosteal response. Primary bone
malignancies, however, typically prompt a periosteal

Figure 1-18 Soft tissue mass. Radiographic features of soft
tissue extension characterizing malignant or aggressive bone
lesions and benign processes.

Figure 1-19 Differential diagnosis of soft tissue mass. Certain radiographic features of bone and soft tissue lesions may
help differentiate a primary soft tissue tumor invading the bone from a primary bone tumor invading soft tissues. (From
Greenspan A. Orthopedic imaging, 4th ed. Philadelphia: Lippincott Williams & Wilkins, 2004.)
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reaction when they grow into the cortex and extend into
adjacent soft tissues (69,133,160).

Benign Versus Malignant Nature

Although it is sometimes very difficult to establish a le-
sion as benign or malignant by radiography alone, the
clusters of features that can be gathered from radi-
ographs can help in favoring one designation over the
other (Fig. 1-20). Benign lesions usually have well-de-
fined sclerotic borders and exhibit a geographic type of
bone destruction; the periosteal reaction is solid and
uninterrupted, and there is no soft tissue mass. In con-
trast, malignant tumors often exhibit poorly defined
borders with a wide zone of transition; bone destruc-
tion appears in a moth-eaten or permeative pattern,

and the periosteum shows an interrupted, sunburst, or
onion-skin reaction with an adjacent soft tissue mass. It
should be kept in mind, however, that some benign le-
sions may also exhibit aggressive features (Table 1-4).

Scintigraphy (Radionuclide Bone Scan)

The radionuclide bone scan is an indicator of mineral
turnover. Because there is usually enhanced deposition
of bone-seeking radiopharmaceutical agents in areas
undergoing change and repair, a bone scan is useful in
localizing tumors and tumor-like lesions in the skeleton
(58). This is particularly true in such conditions as fi-
brous dysplasia, Langerhans cell histiocytosis, and
metastatic cancer, in which more than one lesion is en-
countered. Technetium-99m methyl diphosphonate
(MDP) scans are used primarily to determine whether a
lesion is monostotic or polyostotic. Such a study is there-
fore essential in staging a bone neoplasm. It is important
to remember that although the degree of abnormal up-
take may be related to the aggressiveness of the lesion,
this does not correlate well with the histologic grade
(Fig. 1-21).

Radionuclide bone scan also plays an important role
in localizing small lesions such as osteoid osteoma,
which may not always be visible on radiography (Fig. 1-
22). Although skeletal scintigraphy is a highly sensitive
method for detection of bone neoplasms, its specificity
is low. In most instances it cannot distinguish benign le-
sions from malignant tumors, because increased blood
flow with increased isotope deposition and increased os-
teoblastic activity take place in both benign and malig-
nant conditions. Nevertheless, it can sometimes achieve
such differentiation in benign lesions that do not ab-
sorb the radioactive isotope. In addition, the radionu-

18 — Differential Diagnosis in Orthopaedic Oncology

Figure 1-20 Radiographic features that may help differ-
entiate benign from malignant lesions.

Table 1-4 Benign Lesions with Aggressive Features

Lesion Radiographic Presentation Lesion Radiographic Presentation

Osteoblastoma Bone destruction and soft tissue Osteomyelitis Bone destruction, aggressive
(aggressive) extension similar to periosteal reaction.

osteosarcoma Occasionally, features
resembling osteosarcoma,
Ewing sarcoma, or lymphoma

Desmoplastic Expansive, destructive lesion, Langerhans cell Bone destruction, aggressive
fibroma frequently trabeculated, histiocytosis periosteal reaction.

mimics fibrosarcoma and Occasionally, features
chondrosarcoma resembling Ewing sarcoma

Periosteal desmoid Irregular cortical outline, mimics Pseudotumor of Bone destruction, periosteal
osteosarcoma or Ewing hemophilia reaction, occasionally mimics
sarcoma malignant tumor

Giant cell tumor Occasionally, aggressive Myositis ossificans Features of parosteal or
features such as osteolytic periosteal osteosarcoma, soft
bone destruction, cortical tissue osteosarcoma, or
penetration, and soft tissue liposarcoma
extension

Aneurysmal bone Soft tissue extension, Brown tumor of Lytic bone lesion, resembling
cyst occasionally mimics hyperparathyroidism malignant tumor

malignant tumor such as 
telangiectatic osteosarcoma
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clide bone scan is sometimes useful for differentiating
multiple myeloma, which usually shows no significant
uptake of the tracer, from metastatic bone cancer, which
usually does. Scans using Ga-67 may show uptake in a
soft tissue sarcoma and may help to differentiate a sar-
coma from a benign soft tissue lesion.

Imaging with thallium-201 chloride has recently
been tried in the diagnosis of bone and soft tissue le-
sions (26,44,112,171,190,206). Although the role of
this technique for staging of bone tumors and for dif-
ferentiation of benign from malignant lesions is lim-
ited, thallium-201 scintigraphy appeared useful in de-
tection of primary and metastatic neoplasms, such as
synovial sarcoma (112) and some of the cartilaginous
tumors (29). Furthermore, the combined use of Tl-201
and pentavalent dimercaptosuccinic acid (DMSAV)
functional nuclear scanning proved to be promising in
the differential diagnosis of benign and malignant car-
tilage lesions and their grading (29).

The essential factors in the evaluation of a bone le-
sion are intra- and extraosseous extension, and presence
(or absence) of metastases. Although radiography can

yield significant information about tumor extension,
skeletal scintigraphy is an indispensable technique for
evaluating whether a tumor has spread beyond its site of
origin (12,15,28,62,152,194). Radionuclide bone imag-
ing better demonstrates the extent of intramedullary in-
volvement by tumor than radiography, but it tends to
show a larger than actual area of extension because the
radiopharmaceutical also localizes to areas of hyperemia
and edema adjacent to the tumor (15). Therefore, bone
scans are not adequate for evaluating the exact level of
intramedullary invasion. However, scintigraphy has no
competitor (except for MRI) for identifying additional
remote skeletal lesions, so-called skip lesions, and in-
traosseous metastases (55).

Scintigraphy and MRI or CT are truly complemen-
tary examinations that provide quite different staging
information for the patient who presents with a bone
tumor that requires biopsy (167–169). The main role 
of scintigraphy is not so much for local staging as for
evaluating the remainder of the skeleton. Although
scintigraphy provides information on the intraosseous
extent of disease, it cannot entirely be relied on for

A B
Figure 1-21 Scintigraphic activity. A: Radionuclide bone scan shows markedly increased uptake of radiotracer in the proxi-
mal humerus in a 26-year-old woman suspected of developing a malignant tumor. B: Anteroposterior radiograph shows,
however, a benign-appearing lesion with sclerotic border (arrows), consistent on excision biopsy with healing benign fibrous
histiocytoma. (Reprinted with permission from Greenspan A. Orthopedic imaging, 4th ed. Philadelphia: Lippincott Williams &
Wilkins, 2004.)
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local extent of the lesion [because of the augmented
uptake that has been described in osteosarcomas
(28,79)], its inability to match MRI in differentiating
normal from abnormal marrow, and its inability to ade-
quately demonstrate extracompartmental disease. In-
creased uptake of radionuclides is highly nonspecific.
Any pathologic process in bone that leads to new bone
formation (reactive or tumor bone), increased blood
flow, or bone turnover, will show increased radionu-
clide uptake (58). Therefore, a bone scan is usually not
reliable for identifying the specific type of tumor or for
differentiating malignant from benign processes. De-
spite these factors, scintigraphy is still an important
technique for evaluation of solitary bone tumors. Be-
cause scintigraphy is the most sensitive examination for
imaging the entire skeleton, it should always be per-
formed to determine whether skeletal involvement is
solitary or multiple. Metastases are the most common
malignant tumors of bone and can frequently present
as a solitary abnormality. In the pediatric age group, as
in adults, metastases may mimic solitary tumors of
bone. Metastatic neuroblastoma and leukemia may re-
semble true solitary lesions such as Ewing sarcoma,
Langerhans cell histiocytosis, and acute osteomyelitis.
Because synchronous and delayed skeletal metastases
may occur, scintigraphy is recommended at initial pres-
entation and in follow-up of patients after extirpation
of primary Ewing tumor (62). Scintigraphy can suggest
the presence or absence of disseminated skeletal dis-
ease. In the proper clinical setting its appearance can
be quite specific for the diagnosis of osteoid osteoma
(172) (see Fig. 2-35).

Positron Emission Tomography

PET is a diagnostic imaging technique that allows
identification of biochemical and physiologic alter-
ations in the body and assesses the level of metabolic
activity and perfusion in various organ systems. The
process produces biologic images based on detection
of gamma rays that are emitted by a radioactive sub-
stance, such as 18FDG. One of the main applications of
this technique is in oncology, including detection of
primary and metastatic tumors and recurrences of the
tumors after treatment (Fig. 1-23). In fact, PET has
been found to be more sensitive than CT and MRI in
this respect. Although some promising results have
been reported using this technique (8), detection of
bone marrow involvement is still controversial, be-
cause physiologic bone marrow uptake can be ob-
served on 18FDG PET images. Moreover, although
highly sensitive, PET scanning has relatively low speci-
ficity because FDG may also accumulate in benign ag-
gressive and inflammatory lesions.

Recently, Zhang et al. conducted investigations of
the utility of 11C-methionine (MET) PET in the imag-
ing of chordoma (215). Their study has demonstrated
that MET PET is feasible for imaging of chordoma,
showing a sensitivity of 80% in the visualization of all
tumors, and 100% for the recurrent lesions.

Computed Tomography and Magnetic 
Resonance Imaging

Both CT and MRI are highly accurate for determining
the presence of neoplasm within the cortex, trabecular

20 — Differential Diagnosis in Orthopaedic Oncology

Figure 1-22 Effectiveness of skeletal scintigraphy. A: Anteroposterior radiograph of the left hip of a 16-year-old boy with a
typical history of osteoid osteoma is equivocal, although there is the suggestion of abnormal radiolucency in the supraacetabular
portion of the ilium. B: Radionuclide bone scan shows an increased uptake of radiopharmaceutical agent (arrow) corresponding
to questionable radiolucency seen on radiography. Osteoid osteoma was diagnosed on excision biopsy. (Reprinted with permis-
sion from Greenspan A. Orthopedic imaging, 4th ed. Philadelphia: Lippincott Williams & Wilkins, 2004.)

A B
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bone, or marrow cavity, as well as soft tissue invasion by a
tumor (98,150,188,193,199,212,217). Although CT by it-
self is rarely helpful in making a specific diagnosis, it can
provide a precise evaluation of the extent of a bone le-
sion and may demonstrate breakthrough of the cortex
and involvement of surrounding soft tissues (Fig. 1-24).
Moreover, CT is very helpful in delineating a bone tu-
mor in a complex anatomic structure such as scapula,
pelvis, or sacrum (Fig. 1-25). At times, the three-dimen-
sional reformation of CT images is used to better and
more comprehensively demonstrate the tumors (25,53,
97). This technique can be useful in depicting the sur-
face lesions of bone, such as osteochondroma (Fig. 1-26;
see also Fig. 3-50), periosteal chondroma, parosteal os-
teosarcoma, or juxtacortical chondrosarcoma. The use
of CT versus MRI is based on the radiographic findings:
if there is no definite evidence of extension of osseous
tumor into the soft tissues, then CT is preferred for de-
tecting subtle cortical invasion and periosteal reaction,
while providing an accurate means of determining the
intraosseous extension of the neoplasm. If, however,
the radiographs suggest cortical destruction and soft
tissue mass, then MRI would be the more desirable
modality because it provides an excellent soft tissue
contrast and can determine the extraosseous extension
of the tumor much better than CT. In addition, MRI
provides valuable information regarding the in-

traosseous extent of neoplasms based on its multiplanar
imaging ability (sagittal, coronal, axial, and oblique) and
lack of beam-hardening artifacts from cortical bone.
Because of superior ability to characterize soft tissue
masses, MRI has distinct advantages over CT (11,31,216)
(Fig. 1-27).

A number of pulse sequences can be used to evaluate
musculoskeletal tumors (66,154). These include spin-
echo (SE) sequences, inversion recovery (IR) sequences,
short time inversion-recovery (STIR) sequences, gradi-
ent echo (GRE) sequences, and fast T2- or fat-sup-
pressed T2-weighted sequences (11,43,65,158,183). SE
sequences are the most effective for identification and
staging of most skeletal tumors (10,216). The signal in-
tensity for normal tissues is predictable using these se-
quences. On T1-weighted images, fat and bone marrow
have a high signal intensity that changes to intermediate
intensity on T2 weighting. Muscles have intermediate
signal intensity on both T1 and T2 sequences. Cortical
bone and fibrocartilage have low signal on both se-
quences. Fluid has intermediate signal on T1-weighted
and high signal intensity on T2-weighted images (Table
1-5). Most bone tumors have increased T1 and T2 relax-
ation times compared with normal tissue and therefore
are imaged as areas of low or intermediate signal inten-
sity on T1-weighted SE sequences and high signal inten-
sity on T2-weighted sequences (11,63,216). T1-weighted
SE sequences enhance tumor contrast with bone, bone
marrow, and fatty tissue, whereas T2-weighted SE or T2-
weighted gradient echo images enhance tumor contrast
with muscle and accentuate peritumoral edema
(73,132,151,191,195,207) (Fig. 1-28).

Several investigators have stressed the advantage
of contrast enhancement of MR images using in-
travenous injection of gadopentate dimeglumine
[gadolinium diethylenetriaminepentaacetic acid (Gd-
DTPA)] (74,178). This paramagnetic contrast en-
hancement on conventional T1-weighted sequences
decreases the T1 relaxation time in tumor tissue caus-
ing the lesion to be of higher signal intensity (hence
making the demarcation of the tumor more obvious)
(Fig. 1-29). In particular, enhancement was found to
give better delineation of tumor in richly vascularized
parts, in compressed tissue immediately surrounding
the tumor, and in atrophic but richly vascularized
muscle (153). Both static and dynamic Gd-DTPA stud-
ies show significant promise for evaluation of muscu-
loskeletal tumors (47,98,208). Areas that demonstrate
contrast enhancement on T1 weighting are typically
more vascular, whereas those without enhancement
usually represent necrotic tissue (47). In addition, uti-
lization of a chemical shift or fat suppression tech-
nique is even more effective (128) because the fat sig-
nal becomes markedly suppressed, whereas the
abnormal contrast-enhanced tumor displays a high
signal intensity (127,197,198). This combination im-
proves the interface between tumor and peritumoral
edema, the interface between tumor and reactive
zone, and the interface between tumor and adjacent
muscle (179,197,198).

Figure 1-23 Positron emission tomography (PET) scan.
18FDG whole body PET scan of a 37-year-old woman with
known fibrous dysplasia shows multiple skeletal deformities
of the long bones. Red areas represent large hypermetabolic
foci. (Courtesy of Drs. Frieda Feldman and Ronald van Heer-
tum, New York, New York.)
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Coronal-plane MR images, in particular, are often
superior to axial CT scans in providing details of extra-
and intramedullary tumor extent and its relationship
to surrounding structures (61). Combining axial and
coronal plane imaging has also been helpful in assess-
ing important vascular structures adjacent to tumors.
In addition, MRI offers better visualization of tissue
planes surrounding a lesion and can evaluate neurovas-
cular involvement without the use of intravenous con-
trast (45). Particularly in tumors of the extremities, the
ability of MRI to demarcate normal from abnormal tis-
sue more sharply than CT can reliably delineate the
spatial boundaries of tumor masses, encasement and
displacement of major neurovascular bundles, and the
extent of joint involvement (1,100).

In several respects, however, CT unquestionably ri-
vals MRI. MR images do not clearly depict calcifications
in the tumor matrix or allow it to be characterized as
readily as CT. In fact, large amounts of calcification and
ossification have occasionally gone almost undetected
by MRI (195). In addition, MRI demonstration of corti-
cal destruction and periosteal reaction is less satisfac-
tory than that of CT or even of radiography (67,191).
Although neither technique is usually suitable for estab-
lishing the precise nature of a bone tumor (except per-
haps the characteristic MRI features of intraosseous
lipoma and hemangioma), much faith has been placed
in MRI in particular as a method capable of distinguish-
ing benign from malignant lesions (16,47,76,93,109).
An overlap between the classic characteristics of benign

and malignant tumors is often observed (110). More-
over, some malignant bone tumors can appear
misleadingly benign on MR images and, conversely,
some benign lesions may exhibit a misleadingly malig-
nant appearance (36,110). Attempts to formulate pre-
cise criteria for correlating MRI findings with histologic
diagnosis have been largely unsuccessful (195). Tissue
characterization on the basis of MRI signal intensities is
still unreliable. Because of the wide spectrum of bone
tumor composition and their differing histologic pat-
terns, as well as in tumors of similar histologic diagnosis,
signal intensities of histologically different tumors may
overlap or there may be variability of signal intensity in
histologically similar tumors. MRI is sensitive for delin-
eating the extent of disease but, unfortunately, is rela-
tively nonspecific (164,165,191).

Pathology

The task of categorizing an osseous lesion as benign
or malignant is even more complex for the patholo-
gist than for the radiologist. In bone tumor pathology,
about 70 entities must be differentiated, most of them
representing a very low incidence. In fact, primary
malignant bone tumors comprise only 1% of all malig-
nancies, and about half of these represent multiple
myeloma. Accordingly, the diagnostic density, even in
a large institution, may not be sufficient to ensure di-
agnostic security. Therefore, an opinion from a bone

22 — Differential Diagnosis in Orthopaedic Oncology

Figure 1-24 Effectiveness of computed tomography (CT) scanning. A: Conventional radiograph shows destructive
changes in the proximal diaphysis of the left fibula (arrows) of a 12-year-old boy. B: CT scan demonstrates involvement of
the bone marrow of the fibula (arrow) and extension of the tumor (which proved to be a Ewing sarcoma) into the soft tissues
(arrowheads).

A

B
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Figure 1-25 Effectiveness of computed tomography (CT) scanning. Standard radiographs (not shown here) were ambigu-
ous in this 70-year-old man with a palpable mass over the right scapula. However, two CT sections show a destructive lesion
of the glenoid portion and body of the scapula (arrows) (A), with a large soft tissue mass containing chondroid calcifications
and extending to the rib cage (arrowheads) (B). The lesion proved to be a chondrosarcoma.

A

B

tumor reference center should be obtained in all
doubtful cases. For the pathologist, it is mandatory to
view at least the radiographs (and the cross-sectional
studies of tumors affecting the spine, pelvis, and
shoulder girdle) and to consider all the radiologic cri-
teria (see previous discussion), together with the data
supplied by the clinician. Ideally, the pathologist
should also consult with both the radiologist and the
orthopedic surgeon. Although it may be obvious to a
clinician that a child with a rock-hard, tender, 15-cm
swelling of the femur almost undoubtedly has a tu-
mor, a 4-mm sampling of tissue from the same lesion,
unaccompanied by a history and radiologic studies, is
fraught with diagnostic risk (68). Without considera-
tion of all available correlative measurements before
an attempt is made to interpret histologic sections,

there is no assurance that a biopsy specimen is repre-
sentative of the lesion or, in fact, that the actual ab-
normality has been sampled. This is particularly true
for chondroblastic tumors, in which benign tissue may
be dispersed within the malignant portion of a tumor,
and vice versa.

Basic Techniques and Decalcification

After results of the necessary clinical correlation stud-
ies are considered, the histologic diagnosis is ren-
dered. For technical details of the different staining
procedures mentioned later, the reader is referred
to standard textbooks of histochemistry and his-
totechnology (6,17,78,157). The tumor cells and
their arrangement, as well as the intercellular matrix

Text continues on page 28
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Figure 1-26 Effectiveness of three-dimensional computed tomography (CT). A: Conventional CT section through the
chest shows an osteochondroma at the site of the anterolateral portion of the right fourth rib (arrow). It is difficult to deter-
mine if the lesion is sessile or pedunculated. B: Three-dimensional CT in maximum intensity projection (MIP) allows one to
characterize the internal architecture of the lesion and delivers a much more informative image of osteochondroma. Note typ-
ical chondroid matrix of the tumor. C: Three-dimensional CT in shaded surface display (SSD) renders better conspicuity of the
lesion; the pedicle of osteochondroma (arrow) is now clearly demonstrated.

A
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Figure 1-27 Effectiveness of magnetic resonance imag-
ing (MRI) versus computed tomography (CT). A: Antero-
posterior radiograph of the lower leg of a 14-year-old boy
with Ewing sarcoma of the distal fibular diaphysis shows
moth-eaten destruction of the bone and aggressive pe-
riosteal reaction. Soft tissue mass is not well demonstrated.
B: CT scan effectively demonstrates cortical destruction of
the fibula and periosteal reaction, but the soft tissue mass is
not well characterized. C: Axial T2-weighted fat-suppressed
MRI clearly shows a large soft tissue mass adjacent to the os-
seous tumor.

A

B

C
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A

B

C
Figure 1-28 Magnetic resonance imaging (MRI): T1 versus T2 weighting. Sagittal (A) and axial (B) spin-echo T1-weighted
MRIs of a 29-year-old woman with malignant fibrous histiocytoma in the left tibia show excellent demarcation of 
low-signal-intensity tumor from high-signal-intensity bone marrow. C: Axial spin-echo T2-weighted MRI shows to better advan-
tage the demarcation between the surrounding soft tissues and a heterogeneous-high-signal-intensity tumor that is breaking
through the cortex.
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Table 1-5 Magnetic Resonance Imaging Signal Intensities of Various Tissues

Image

Tissue T1-weighted T2-weighted

Hematoma, hemorrhage High/intermediate High
(acute, subacute)

Hematoma, hemorrhage (chronic) Low Low
Fat, fatty marrow High Intermediate
Muscle, nerves, hyaline cartilage Intermediate Intermediate
Cortical bone, tendons, ligaments, Low Low

fibrocartilage, scar tissue, air
Hyaline cartilage Intermediate Intermediate
Red (hematopoietic) marrow Low Intermediate
Fluid Intermediate High
Proteinaceous fluid High High
Tumors (generally) Intermediate-to-low High
Lipoma High Intermediate
Hemangioma Intermediate (slightly higher High

than muscle)

Figure 1-29 Magnetic resonance imaging (MRI): contrast enhancement. A: Coronal T1-weighted MRI of a 14-year-old
boy with osteosarcoma in the distal left femur shows a low-signal-intensity tumor in the bone marrow associated with a soft
tissue mass. B: After intravenous administration of gadolinium (Gd-DTPA) there is a heterogeneous enhancement of both in-
tramedullary tumor and soft tissue mass.

A B
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produced, are compared with the appearance of radi-
ographs and other imaging studies to verify adequate
and representative sampling. The histologic patterns
are then compared and matched with similar or iden-
tical histologic patterns of known examples of bone
tumors (200). For daily diagnostic requirements, stan-
dard hematoxylin and eosin (H&E) staining after de-
calcification is usually sufficient (Fig. 1-30). Only for
some histochemical and immunocytochemical meth-
ods does previous decalcification represent an obsta-
cle. Acidic decalcifiers such as formic acid (5%–10%
solutions) are ordinarily used. These agents provide
good results within a short period of time. Because
formic acid is not as rapid a decalcifier as nitric acid,
the tissue structure is well preserved and good stain-
ing for H&E is retained (185). Most immunohis-
tochemical protocols can also be applied. However,
genetic analyses are often seriously hampered. Decal-
cification by EDTA, a chelating agent, does not pose
these problems but is much more time-consuming
(181). However, its use in combination with ultra-
sound leads to a reduction in time (126). Recently
developed automated techniques of EDTA decalcifica-
tion combined with ultrasound allow much more
rapid decalcification, at least for small samples such as
core biopsies (38). An earlier method, introduced
about 20 years ago, of embedding the bone specimen
in plastic and cutting it without previous decalcifica-
tion, which is necessary for histomorphometric pur-
poses, does not substantially contribute to bone tumor
diagnostics.

Special Stains and Enzyme Histochemistry

Among the special stains available is van Gieson stain,
which is more commonly used in Europe. This stain
helps to identify the presence and amount of collagen
in bone and other connective tissues by staining it in-
tensely red (Fig. 1-31). This method is particularly ef-
fective to identify osteoid, whose major component is
type I collagen. Giemsa stain should be used in the
differentiation of small, blue, round cell tumors, partic-
ularly the lymphomas (Fig. 1-32). It also intensely stains
the arrest lines in the bone matrix, thus making apposi-
tion and reconstruction processes clearer in an H&E
preparation. We have found it useful in the differentia-
tion of bone and cartilage when both tissues are inter-
mingled because of the metachromatic properties. The
Alcian blue stain can be useful in a similar manner
(Fig. 1-33). Reticulin fibers are usually stained with Go-
mori stain, which is helpful in the differentiation
against collagen fibers (Fig. 1-34). We prefer the varia-
tion of this stain described by Novotny, in which the
fibers stand out more clearly (Fig. 1-35). Periodic
acid–Schiff (PAS) staining is effective in demonstration
of glycogen in the cytoplasm (Fig. 1-36). Another help-
ful tool is enzyme histochemistry, in particular the
demonstration of alkaline phosphatase as marker for
osteoblasts (Fig. 1-37A) and acid phosphatase as
marker for osteoclasts (Fig. 1-37B).

28 — Differential Diagnosis in Orthopaedic Oncology

Figure 1-30 Hematoxylin and eosin (H&E) stain. Chon-
drosarcoma. The cortex of the femur (bottom) shows large
resorption lacunae (center and right) with cartilaginous tu-
mor tissue invading the bone. Some osteoclasts that created
the excavations are still visible (center). The cartilage stains
pink; the bone stains red (H&E, original magnification
�100).

Figure 1-31 Van Gieson stain. Fibrous dysplasia. Note ir-
regular bony trabeculae typical for this disorder. Collage-
nous fibers are stained intensely red; particularly Sharpey
fibers are highlighted in perpendicular arrangement to the
trabecular surface (van Gieson, original magnification
�200).

Immunohistochemistry

A more recent method is immunohistochemistry
(IHC), which demonstrates by immunologic methods
specific antigens that serve as markers on the cell sur-
face and its inner structures (60,130,174). By choos-
ing the appropriate detection methods, including
antigen retrieval techniques, almost any available anti-
body can be used to label a cell or a tissue (34,41).
Studies using IHC are extremely helpful in differenti-
ating among tissues that have similar morphology or
whose histologic origins are uncertain. IHC can iden-
tify the antigenic factors in cells that would not other-
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wise be evident in histologic sections stained by rou-
tine methods. Nevertheless, although highly specific
antibodies have been developed, as well as sensitive
systems for immune and enzymatic detection, there
remain problems with false-positive and false-negative
results (60). IHC relies on the use of enzyme-linked
antibodies for detection of tissue antigens. The en-
zyme antibody converts a colorless substrate into a
stained product that is precipitated on the slide at the
site of the reaction. Continuing development of tech-
niques for IHC has led to the use of enzyme labeling
with alkaline phosphatase and peroxidase. Labeling
with colloidal gold is also used in IHC reactions for

both light and electron microscopy. However, the
avidin-biotin-complex (ABC) method has now be-
come the most sensitive and widely used technique for
immunohistochemical staining (60).

For diagnostic purposes, the application of IHC in
bone tumor pathology is necessary only in a limited
number of cases, mainly Ewing tumor family [Ewing
sarcoma and primitive neuroectodermal tumor
(PNET)], hematopoietic tumors and histiocyte disor-
ders, vascular tumors, chordoma, adamantinoma of
long bones and, of course, metastatic disease. The IHC
reaction pattern that characterizes a lesion is discussed
in the appropriate chapters.

It cannot be overemphasized that a positive im-
munoreaction is not a substitute for a diagnosis of a

Figure 1-32 Giemsa stain. Diffuse large B-cell lymphoma.
DNA, RNA, and basophilic cytoplasmic components are
stained purple to grey-blue, helping to identify nuclear details
of lymphoma cells (Giemsa, original magnification �630).

Figure 1-33 Alcian blue–periodic acid–Schiff (PAS) stain.
Extraskeletal myxoid chondrosarcoma. Alcian-positive pale
blue mucin pools contain acidic glycoproteins. Basement
membrane material of capillaries (upper left) stains pink with
PAS (original magnification �200).

Figure 1-34 Gomori stain. Diffuse large B-cell lymphoma.
Reticulin fibers appear as fine dark-brown to black network
encircling lymphoma cells in a bone marrow biopsy speci-
men (Gomori, original magnification �630).

Figure 1-35 Novotny stain. Ewing sarcoma. Reticulin fibers
that stain black are absent within tumor cell areas, thus ex-
cluding diagnosis of malignant lymphoma and small cell os-
teosarcoma (Novotny, original magnification �12).
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Figure 1-36 Periodic acid–Schiff (PAS) stain. Ewing sar-
coma. Glycogen droplets (center) and glycoprotein-contain-
ing basement membrane material of capillaries (bottom left)
stain pink to red. Because glycogen is water-soluble, it may
partly be removed by formalin fixation (PAS, original magni-
fication �630).

Figure 1-37 Enzyme histochemistry. A: Alkaline phosphatase. A small round bone trabecula (center) is surrounded by
stroma typical for fibrous dysplasia. All cells, in the stroma as well as the osteoblasts at the bone border and osteocytes within
the bone, are more or less positive, indicating their bone-forming capability (alkaline phosphatase, original magnification
�50). B: Acid phosphatase. In fibrous dysplasia, with reaction for acid phosphatase an osteoclast with four nuclei (left center)
shows intense activity. The surrounding mononuclear cells show a weak, finely granulated activity. The bone trabecula (bot-
tom) shows negative reaction to acid phosphatase marker (acid phosphatase, original magnification �500).

A B

specific bone tumor, which should be established only
by taking into account the additional clinical, radio-
logic, and histologic findings. The most commonly
used antibodies are briefly described in the following
sections.

Antibodies Against Intermediate Filaments

Intermediate filaments (IFs) are structural proteins with
a diameter of 8 to 10 nm (nanometers) and a molecular
weight of 40 to 110 KD (kilodalton). Together with mi-
crotubuli (24 nm) and microfilaments (6 nm), the IFs
form the cytoskeleton (116). IFs can be separated into
five distinct types on the basis of sequence identify and
tissue distribution (27). For diagnostic purposes, the

most important members of the IF family are the cyto-
keratins (CKs), desmin, neurofilaments, glial fibrillary
acidic protein (GFAP), and vimentin.

With the use of two-dimensional gel electrophoresis,
20 different CKs have been identified and numbered.
They constitute two groups of basic (CK 1–8) and acidic
(CK 9–20) CKs that form heterodimers (27,56,129). CKs
are found predominantly in epithelial cells but have also
been detected in other tissues. Therefore, a positive im-
munoreaction for CKs does not unequivocally prove the
epithelial nature of a tumor under investigation. In bone
tumors, CKs are typically expressed in adamantinomas
of long bones, in chordoma (Fig. 1-38), in osteofibrous
dysplasia, in epithelioid hemangioendothelioma, and in
metastases of extraosseous cancer. However, “aberrant”
expression can be found in almost all types of nonep-
ithelial tumors, including osteosarcoma (142).

Vimentin is present in all mesenchymal and some
epithelial cells. Its IHC detection in mesenchymal tu-
mors is rarely of diagnostic value (34).

Desmin is present in all muscle tissues, stabilizing
the contractile apparatus. It is found in both smooth
muscle and skeletal muscle tumors and also in lesser
amounts in myofibroblasts (175). Antibodies to desmin
are used mainly for the differential diagnosis of spindle
cell tumors (161).

Neurofilaments (NFs) are present in neural cells in
three different forms: high molecular weight NF-H
(200 KD), medium weight NF-M (160 KD), and low
weight NF-L (68 KD). They can be detected in small
amounts in tumors of the Ewing family, such as PNETs
or classical Ewing sarcomas, and especially in neuro-
blastomas (149,201).

GFAP is present in glial cells and is almost never
used in studies of bone tumor pathology (162).

Antibodies Against Hematopoietic and Lymphoid Cells

Antibodies against hematopoietic and lymphoid cells
are widely used in the diagnosis of lymphomas and
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hematologic malignancies (82). Most antibodies against
these largely cell surface–based antigens have been cate-
gorized in workshops and statistically assigned to a so-
called cluster of differentiation (CD) number that des-
ignates the respective antigen (9,218). These antigens
are present not only on lymphatic or hematopoietic (as
in Langerhans cell histiocytosis) cells (Fig. 1-39), but
also in Ewing sarcoma and synovial sarcoma (CD99)
(Fig. 1-40), and in endothelial and vascular tumors
(CD31 and CD34). Applied as a panel that must be
compiled according to the suspected morphologic dif-

ferential diagnoses, these antibodies are of great diag-
nostic help.

Antibodies Against Vascular Antigens

Endothelial cells and endothelial cell–derived tumors
are characterized by the expression of Factor VIII–-
related antigen or von Willebrand factor (Fig. 1-41).
This factor is a glycoprotein that is also synthesized in
megakaryocytes (170). Because background staining is
often seen, especially in hemorrhagic tissue, its use in
combination with other endothelial markers, such as

Figure 1-38 Immunohistochemistry. Chordoma. Tumor
cells react positive with an antibody-cocktail (CK22) directed
against low molecular weight and high molecular weight cy-
tokeratins. Lymphocytes (center) and cartilage cells (upper
left) react negative. Methylene-blue counterstaining (original
magnification �400).

Figure 1-39 Immunohistochemistry. Langerhans cell histiocy-
tosis. Langerhans cells show a strong cytoplasmic immuno-
reactivity for antibodies against CD1a. Accompanying lym-
phocytes, macrophages, and giant cells are negative.
Methylene-blue counterstaining (original magnification �400).

Figure 1-41 Immunohistochemistry. Epithelioid angiosar-
coma. Note strong intracytoplasmic immunoreactivity for
Factor VIII–related antigen. Methylene-blue counterstaining
(original magnification �400).

Figure 1-40 Immunohistochemistry. Ewing sarcoma. Tu-
mor cells show a positive membrane-bound reaction for
CD99. Nuclei are counterstained with methylene-blue. Cen-
trally located capillary with endothelial cells serve as nega-
tive control (original magnification �400).
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CD31 (or platelet-endothelial adhesion molecule) and
CD34 (or hematopoietic progenitor cell antigen), is ad-
visable. Both are transmembrane glycoproteins that are
expressed in almost all endothelial cells and related tu-
mors (39,124). However, CD34 in particular is also ex-
pressed in spindle cell tumors such as hemangiopericy-
tomas, gastrointestinal stromal tumors (GISTs), or
solitary fibrous tumors (34).

Antibodies Against Muscle Antigens

For characterization of muscle tissue, antibodies to
actins can be used in addition to desmin IHC. Actin is
present in all types of cells. By the use of isoelectric fo-
cusing, three different groups of actin molecules can
be separated—alpha, beta, and gamma actins—consist-
ing of six different isoforms that have been identified
by amino acid sequencing as four alpha actins (two sar-
comeric—alpha-skeletal and alpha-cardiac muscle
actins, and two smooth muscle actins—alpha and
gamma, present in the contractile apparatus, and, ul-
trastructurally, in thin filaments of the respective cells),
and two (beta and gamma) nonmuscle cytoskeletal
actins (89,204,205). Antibodies to muscle-specific
actins are widely used for characterization of muscle tu-
mors (125,166,176,177,184). However, positive im-
munoreactions have also been observed in osteoblasts,
bone marrow stromal cells, osteosarcomas, and malig-
nant fibrous histiocytoma of bone (59,91,202).

Other Useful Antibodies in Bone Tumor Pathology

Enolases are enzymes of the glycolytic pathway. They
consist of three different subunits: alpha, beta, and
gamma. The functional enzyme is a dimer consisting of
two identical subunits (118). The gamma subunit, or
neuron-specific enolase (NSE), is found in neural and
neuroendocrine cells. Aberrant expression, e.g., in
smooth muscle cells, has also been observed (72). NSE
positivity is found in PNETs belonging to the Ewing tu-
mor family and in neuroblastomas and melanomas
(5,40,147,149).

Synaptophysin is localized in the membrane of presy-
naptic vesicles. It is a glycosylated acidic protein of 38
KD present in neurons, at neuromuscular junctions, in
neuroendocrine cells, and also in PNETs (149,213,214).

In 1965, Moore isolated a protein from bovine brain
that was termed S-100 protein because of its solubility
in 100% ammonium sulfate. Later it became clear that
it comprised a mixture of two structurally related pro-
teins, S-100A and S-100B1 (80,81,131). These belong to
an expanding family of small calcium-binding proteins
(S-100 protein family) with a molecular weight of 10 to
12 KD, forming homo- and heterodimers (42,119). 
S-100 proteins are present within cells and nuclei not
only in neural tissues but also in Langerhans cells of
the epidermis, melanocytes and melanomas, cartilage-
derived cells and their tumors, and chordomas
(30,137–139,143).

Antibodies to cell cycle–related proteins have re-
cently been applied in bone tumor IHC. Alterations of
the cell cycle are considered fundamental to cancer
development (88). Particularly in low-grade osteosar-

comas and parosteal osteosarcomas, CDK4, a cell-cycle
regulator, and MDM2, a regulator of TP53, which nor-
mally are not expressed in amounts detectable by IHC,
are often overexpressed (159).

The proliferating activity of a tumor can be assessed
by identifying all cells that are not in G0-phase of the
cell cycle. These cells express a cell stage–related nu-
clear protein that can be visualized by the MIB1 anti-
body (90,173).

It should be remembered that IHC is a rapidly ex-
panding field. New markers are described almost every
month. They are first considered to be and are an-
nounced as “specific” for some tumors. With increasing
experience, they become only “characteristic,” and are
eventually found in a number of different entities. In-
terpretation of staining results without considering the
morphologic context will lead to erroneous assump-
tions.

Electron Microscopy

At present, the contribution of electron microscopy to
the diagnosis of bone tumor is only minimal (Fig. 1-42)
(85,203). Ultrastructural investigations can still be of
use in the evaluation of small cell neoplasms, spindle-
cell tumors, and metastatic disease (111,156). However,
these studies are useful only if precise questions, emerg-
ing from the evaluation of the routine H&E slides, are
addressed, e.g., detection of myofilaments and basal
lamina material for discriminating leiomyosarcomas
from other spindle-cell sarcomas or Birbeck granules
(Fig. 1-43) for identifying a lesion as Langerhans cell
histiocytosis (146).

Genetics in Bone Tumors

Genetic investigations have contributed to a better un-
derstanding of cancer development. Moreover, some

Figure 1-42 Electron microscopy. Fibrous cortical defect.
Cell extension (middle) containing numerous organelles and
the somewhat distorted nucleus (upper left corner) is sur-
rounded by stroma with densely arranged immature fibrils.
Only a few mature-looking collagen fibrils are seen (lower
right corner).
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genetic changes may represent specific cancer signa-
tures such as the translocation of genetic material from
chromosome 11 to chromosome 22, which is highly
characteristic for Ewing sarcomas. Recent technical ad-
vances have dramatically reduced the time interval
from the arrival of material at the pathology laboratory
to the completion of a genetic analysis as an adjunct to
morphologic diagnosis. Some of these methods are
briefly discussed in the following sections.

Flow Cytometry

Flow cytometry (FCM) is a quantitative automated
method used to analyze the DNA content and the pro-
liferation rate of isolated cells (35,211). To determine
the DNA content, the DNA is stained stoichiometrically
with specific fluorescent dyes and the emitted fluores-
cent signal is measured as the nuclei pass one by one
through a nozzle-equipped chamber (flow cell). The
intensity of the signal is proportional to the amount of
DNA in the isolated nuclei. DNA distribution and re-
spective number of cells are calculated, compared with
a standard (usually lymphocytes), and then assigned to
each phase of the cell cycle (95).

In FCM the total amount of DNA is assessed without
considering the distribution of single chromosomes.
Therefore, a terminology different from that of cytoge-
netics has to be applied. The prefix DNA, along with
the ploidy terms, is used for FCM investigations. Cells
or tumors with the same DNA content as normal con-
trol cells, e.g., lymphocytes, are by convention called
DNA diploid, whereas cells with less or more DNA are
described as DNA aneuploid. Somatic cells ordinarily
contain an amount of DNA that is “2C,” or diploid, a
term reserved for cytogenetic evaluation (77). In the
G0 phase, cells are DNA diploid (2C). They then enter
the pre-division period, G1 phase, which is followed by

the phase of DNA synthesis, the S phase. The number
of cells in the S phase of the cell cycle represents the
proliferating cell fraction (S-phase fraction, SPF). The
amount of DNA gradually doubles until the cells are
DNA tetraploid (4C). The cells have reached the pre-
mitotic G2 phase, after which mitotic division is per-
formed during the M phase. DNA aneuploid cells con-
tain neither a 2C nor a 4C DNA concentration.

From investigations of epithelial cells and tumors, it
is known that DNA aneuploidy and often an increased
SPF are found in most carcinomas (50). DNA aneu-
ploidy and increased SPF are also linked to malignancy
in cartilaginous tumors (Fig. 1-44). However, studies of
endocrine and musculoskeletal tumors have shown
that benign aneuploid lesions do exist (3,4). There-
fore, the value of FCM as an additional tool for judging
proliferating lesions and predicting their biological be-
havior must be interpreted differently for each tumor
type.

Cytogenetics

Cytogenetics is the morphologic study of chromosomes
with the use of karyotyping (22). Classical karyotyping
still plays a role in the scientific study of many tumors.
For identification of numerical and structural aberra-
tions, tumor cells must be freshly obtained, immediately
shipped, and cultured in appropriate media. Mitoses of
tumor cells can be artificially interrupted during
metaphase and the spreaded chromosomes can be
stained with special dyes (e.g., Giemsa). This generates a
specific transverse pattern (“banding”) of each chromo-
some that can be analyzed. A metaphase chromosome is
divided into two arms by a central region, the cen-
tromere (the constricted site on the chromosome at
which the fibers of the mitotic spindle attach). The short
arm is labeled with the letter p, the long arm with the let-
ter q. The chromosomal ends (ter) are called telomeres
(tel). The Giemsa-stained, microscopically visible cytoge-
netic bands or regions can be subdivided at higher mag-
nifications into sub-bands. Both are numbered consecu-

Figure 1-43 Electron microscopy. Langerhans cell histiocy-
tosis. Rod-like and tennis racket–shaped cytoplasmic struc-
tures (Birbeck granules; center) that present a zipper-like
internal core are characteristic for this disorder (original
magnification �64,000).

Figure 1-44 Flow cytometry. Chondrosarcoma. Flow cy-
tometry histogram of chondrocytes of grade 2 tumor pres-
ents multiploid DNA pattern.
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tively beginning at the centromere. For example, the
gene for type I collagen, Col1A1, is located on
17q21.31–q22, i.e., on chromosome 17, long arm, band
21, sub-band 31 to band 22. For more detailed informa-
tion the reader is referred to the International System
for Human Cytogenetic Nomenclature (180).

Molecular Cytogenetics

With the development of fluorescent in situ hybridiza-
tion (FISH), genetic analyses of interphase nuclei be-
came possible, even in fixed and paraffin-embedded
material, by application of differentially labeled cen-
tromere-specific and sequence-specific probes to tissues
and cells (122). Multicolor labeling techniques made it
possible to identify more than one DNA sequence si-
multaneously (187). Break-apart probes, differentially
labeled DNA fragments flanking, e.g., the EWS break-
point region on chromosome 22q12 in Ewing sarco-
mas, indicate translocations by the splitting of the nor-
mally paired green and red (or fused yellow) signal
(Fig. 1-45) (23). Because results can be obtained within
48 hours, FISH methods are increasingly used as diag-
nostic tools.

Comparative genomic hybridization (CGH) also uti-
lizes DNA hybridization procedures. Tumor DNA and
differentially labeled reference DNA are hybridized to
normal metaphase chromosomes. Changes in the ratio
of the two fluorochromes (e.g., red for tumor DNA,
green for normal DNA) reflect losses or gains of tumor
DNA that may be caused by amplifications, deletions,

or duplications along the respective chromosomes
(87). CGH is therefore a very useful tool to detect
changes in DNA copy number. However, limitations ex-
ist because, for example, balanced aberrations cannot
be detected.

The polymerase chain reaction (PCR) developed by
K.B. Mullis is a powerful technique, for which he was
honored in 1993 with the Nobel prize (135). This tech-
nique allows automatic generation of many copies of
even extremely low amounts of target DNA by using a
mixture of the four nucleotides that are present in nor-
mal DNA (adenine, guanine, cytosine, and thymidine),
an oligonucleotide sequence as a starting molecule
(primer), a DNA template and, as a synthesizing en-
zyme, thermostable DNA polymerases. This product
can then be further analyzed by comparing the ampli-
fied target DNA with known sequences that code for a
specific protein. In this way, point mutations (single nu-
cleotide disparities) can be detected, e.g., point muta-
tions in a signal-transducing membrane-bound protein,
GS alpha, that is involved in the development of fibrous
dysplasia. With reverse transcription PCR (RT-PCR),
messenger RNA (mRNA) can be amplified. Initially,
mRNA is converted by the enzyme reverse transcriptase
into cDNA (complementary DNA: DNA without in-
trons, i.e., non–protein-coding DNA sequences that
must be removed—spliced out—before translation into
mRNA), which then will be amplified. Using this
method, fusion transcripts from chromosomal translo-
cations, e.g., in Ewing sarcomas, can be detected (Fig.
1-46) (123). For details and other applications, such as
quantitative (real-time) PCR, the reader is referred to
special textbooks (101).

Despite the use of the previously mentioned studies,
a small percentage of bone tumors are not easily cate-
gorized. The pathologist must then attempt to assess
the biologic potential of the neoplasm, even if it cannot
be given a specific name. In such cases, the classic signs
of nuclear pleomorphism and hyperchromaticity, mi-
totic rate and the presence of atypical mitoses, and the
identification of spontaneous necrosis are sought to
help distinguish benign from malignant lesions. How-
ever, it must be kept in mind that in Ewing sarcoma, for
example, the tumor with the highest grade of malig-
nancy, mitoses are almost never found in the histologic
preparation. This is probably because in a tumor with a
high growth rate mitoses take place so rapidly as to be
completed before the tumor tissue, after its excision,
has been subjected to fixation. Observation of the in-
terface area of the tumor with normal bone may reveal
subtle infiltration of intertrabecular marrow spaces or
Haversian canals by tumor cells and thus point to ma-
lignancy.

In the final analysis, only close cooperation among
the radiologist, the pathologist, and the orthopedic
surgeon in the review of history, imaging studies, and
biopsy materials may lead to an accurate diagnosis
of a bone lesion. In most cases, careful analysis of all
of these variables makes it possible to identify the
various benign and malignant tumors and tumor-like
conditions.

Figure 1-45 Fluorescence in situ hybridization (FISH).
Ewing sarcoma. FISH using a commercially available break-
apart probe involving the EWSR1 (Ewing sarcoma break-
point region 1) gene on chromosome 22q12. Two probes,
labeled in red and green, are applied flanking the breakpoint
region from both sides. If no translocation is present, both
colors should be in close contact. If, however, a translocation
is present, the green and the red signal is separated. The cell
in the center shows one fusion and one rearrangement
(original magnification �1,000).
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Whether benign or malignant, bone-forming neoplasms
are characterized by the formation of osteoid or mature
bone directly by the tumor cells (27,28). Only one malig-
nant tumor, osteosarcoma, is capable of doing this. The
other bone-forming lesions are benign: osteoma, enosto-
sis, osteoid osteoma, and osteoblastoma.

Benign Lesions

Osteoma

Osteoma is a benign, slow-growing lesion consisting of
well-differentiated mature bone tissue with a predomi-
nantly lamellar structure, commonly arising in the
frontal and ethmoid sinuses (approximately 75% of
cases) (41). It may also occur on the surface of the
outer table of the calvaria (“ivory exostosis”), the bones
of the jaw (46), and, rarely, on the surface of the flat
bones and the long and short tubular bones
(2,30,32,36,49,50) (Fig. 2-1). Extracranial parosteal os-
teomas compose only 0.03% of biopsied primary bone
lesions (34). Exceptionally, osteoma can exhibit en-
dosteal extension (24).

Although not regarded as a neoplastic lesion by the
World Health Organization (15), osteoma is included in
this chapter because traditionally it has been regarded as
a bone-forming lesion (5,13,16,34,52), and because of its
importance in differential diagnosis of these lesions.

Clinical Presentation

Osteomas have been reported in patients from 10 to
79 years of age, with most in the fourth and fifth decades
(13,46). Males and females are equally affected. The
signs and symptoms associated with osteoma vary

CHAPTER
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depending on the size of the lesion and its location (37).
Small lesions are usually asymptomatic and incidental
findings. Large paranasal sinus tumors in particular may
produce a variety of manifestations. Attached to the si-
nus wall and covered by the sinus mucoperiosteum (38),
they often block the nasal ducts, causing mucoceles, si-
nusitis, nasal discharge, headache, and pain. At times a
patient may lose the sense of smell (38). Occasionally,
paranasal osteomas exhibit more dramatic features such
as orbital or intracranial invasion (41). Tumors near the
orbit can produce exophthalmos, double vision, and
pressure on the optic nerve that may result in loss of vi-
sion. At other sites, they can erode the wall of the cranial
fossa, perforate the dura, and compress the frontal lobe.
Paranasal osteomas are usually discovered in the third
and fourth decades, and the finding is most often inci-
dental. One retrospective study involving 16,000 patients
found a frequency of 0.4% for these tumors (11). They
occur twice as frequently in males as in females and are
believed to have a growth peak at the time of maximum
skeletal development; they are only occasionally found
before puberty (47).

Osteomas seldom develop in the long and short tu-
bular bones (1,5,20,49) and are extremely rare in the
flat bones (7,33,48). Tumors at these sites are known as
parosteal osteomas. Like osteomas elsewhere, they are
usually asymptomatic. Most parosteal lesions measure 1
to 4 cm in diameter, rarely reaching the dimensions re-
ported by Baum et al. (16.5 � 4.2 cm) and Mirra et al.
(6 � 5 � 5 cm) (1,33). Many long bone lesions are
multiple.

It is worth noting the association of osteomas with
the familial adenomatous polyposis syndrome (Gard-
ner syndrome), an autosomal-dominant disorder with
25% new mutations, frequently seen in Mormons in
Utah (10,18). It is caused by mutations in the APC
gene, which maps to chromosome 5q21–q22 (3). In ad-
dition to bone lesions, the syndrome is marked by mul-
tiple cutaneous and subcutaneous lesions (e.g., seba-
ceous cysts, skin fibromas, and desmoid tumors) and
intestinal, particularly colonic, polyposis (17). The
bone tumors may precede the appearance of the intes-
tinal polyps, which have a marked propensity to carci-
nomatous change (8,17). Osteomas have also been re-
ported in association with tuberous sclerosis, an
autosomal-dominant disorder affecting TSC1 (9q34) or
TSC2 (16p13) gene, characterized by mental retarda-
tion, epilepsy, cutaneous hamartomas, and benign juve-
nile or inflammatory polyps of the colorectum (3,33).
Finally, osteomas of the soft tissues (so-called osseous
choristomas) are rare occurrences that have been de-
scribed in the thigh, in the intraoral soft parts, and in
the bronchi (12,29,42,45).

Imaging

Conventional radiography is the basis for the diagno-
sis of osteoma. Radiographs typically show a dense,
ivory-like sclerotic mass with sharply demarcated bor-
ders attached to the bone (Fig. 2-2). Conventional 
tomography (Fig. 2-3) and computed tomography
(CT) (Fig. 2-4) are effective in demonstrating lack of

Osteoma

age: 30-50
M = F  

common sites

less common sites

Figure 2-1 Osteoma: skeletal sites of predilection, peak
age range, and male-to-female ratio.
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Figure 2-2 Osteoma. A: Anteroposte-
rior radiograph of the humerus shows
sclerotic, ivory-like mass attached to the
cortex. (Reprinted with permission from
Greenspan A. Benign bone-forming le-
sions: osteoma, osteoid osteoma, and
osteoblastoma. Skeletal Radiol 1993;
22:485–500.) B: A small osteoma of the
proximal phalanx of the middle finger.

A B

Figure 2-3 Osteoma: conventional tomography. Conven-
tional tomogram shows a large osteoma arising from the
coronoid process of the right mandible. The tumor abuts the
floor of the orbit and maxillary sinus, but there is no
evidence of invasion in the adjacent structures. (Reprinted
with permission from Greenspan A. Benign bone-forming le-
sions: osteoma, osteoid osteoma, and osteoblastoma. Skele-
tal Radiol 1993;22:485–500.)

Figure 2-4 Osteoma: computed tomography (CT). CT of
the skull shows a small osteoma attached to the outer table
(arrow).
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cortical invasion (50), which not infrequently is a
feature of parosteal osteosarcoma, or lack of cortical
and medullar continuity with a host bone, a feature of
osteochondroma (see “Differential Diagnosis,” later).
Magnetic resonance imaging (MRI) shows low signal
intensity on both T1 and T2 sequences, consistent
with cortical bone (50).

Histopathology

Histologically, two types of osteoma may be encoun-
tered: cancellous and compact (51). Most investigators
consider the former to be the forerunner of the latter.
The cancellous (or trabecular, or spongy) osteoma re-
veals a cancellous, trabecular architecture. Trabeculae
are thin with fatty marrow present in the intertrabecular
spaces (25) (Fig. 2-5A). They usually contain more wo-

ven bone and show evidence of active bone formation
with transformation to lamellar bone (39). Woven bone
consists of a more or less mature matrix with a plait of
collagen fibers; it contains roundish osteocyte lacunae in
high numbers per space unit. Lamellar bone is com-
posed of narrow parallel layers of mature matrix with
densely packed collagen fibers; it contains spindle-
shaped osteocyte lacunae in smaller numbers than wo-
ven bone. Compact osteoma, on the other hand, consists
of dense, compact, mature lamellar bone (9) (Figs. 2-5B,
C). No Haversian systems are present and only occasion-
ally marrow spaces are visible. A compact osteoma usu-
ally exhibits empty osteocyte lacunae in varying num-
bers, probably as a result of increased distance between
the small marrow spaces and the cells that interferes
with cell nourishment by diffusion.

Figure 2-5 Histopathology of osteoma. A: Cancellous osteoma. Irregularly formed bone trabeculae consist mostly of
lamellar bone (hematoxylin and eosin, original magnification �25). B: Cancellous osteoma. Intertrabecular spaces enclose
highly vascular fibrous marrow tissue (hematoxylin and eosin, original magnification �50). C: Compact osteoma. Dense,
compact, mostly lamellar bone surrounds narrow marrow spaces. The surface is rather smooth (van Gieson, whole-mount
section). D: Compact osteoma. Some osteocyte lacunae are empty as a result of osteocyte decline due to inefficient
nourishment (hematoxylin and eosin, original magnification �200).

A B
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Differential Diagnosis

Radiology
The radiologic differential diagnosis of solitary osteoma
should include parosteal osteosarcoma, sessile osteochon-
droma, juxtacortical myositis ossificans, periosteal osteoblas-
toma, ossified parosteal lipoma, and focus of melorheostosis
(21) (Fig. 2-6 and Table 2-1). Among these, parosteal os-
teosarcoma is the most important entity that needs to be

excluded, and that may be a difficult task radiographi-
cally because both lesions appear as ivory-like masses at-
tached to the bone’s surface (23) (Fig. 2-7). The keys to
recognizing osteoma, however, are its usually exquisitely
smooth borders and well-circumscribed, intensely homo-
geneous sclerotic appearance on radiographs. Parosteal
osteosarcoma, in contrast, may show a zone of decreased
density at the periphery and usually appears less dense
and homogeneous than osteoma (53).

Figure 2-6 Schematic representation of differential possibilities of similarly appearing juxtacortical and cortical lesions.
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Table 2-1 Differential Diagnosis of Parosteal Osteoma

Condition (Lesions) Radiologic Features Pathologic Features

Mature lamellar bone (either consisting
of concentric rings of compact bone,
or parallel plates of cancellous bone),
lack of active fibrous stroma.

Streamers of woven to woven-lamellar
bone with heavily collagenized stroma.
Moderately cellular foci with nuclei
exhibiting slight pleomorphism.

Cartilaginous cap composed of hyaline
cartilage arranged similarly to growth
plate. Beneath zone of endochondral
ossification with vascular invasion and
replacement of calcified cartilage by
newly formed bone. Intertrabecular
spaces may contain fatty or
hematopoietic marrow.

Trabecular bone and fibrous marrow.
Histologic zonal phenomenon:
immature bone in the center with
proliferating osteoblasts, fibroblasts,
and areas of hemorrhage and necrosis;
mature bone at the periphery.

Trabeculae of women bone, numerous
dilated capillaries, exuberant in number
osteoblasts, osteoclasts, and fibroblasts.

Formation of mature bone within adipose
tissue. Occasionally foci of necrosis
and calcifications.

Thickened cortical bone containing
irregularly arranged Haversian canals
surrounded by cellular fibrous tissue.
Osteoblastic activity usually present.

Ivory-like, homogenously dense sclerotic
mass, with sharply demarcated borders, in-
timately attached to cortex. No cleft be-
tween lesion and adjacent cortex.

Ivory-like, frequently lobulated sclerotic mass,
homo- or heterogeneous in density with
more radiolucent areas at periphery. Incom-
plete cleft between lesion and adjacent cor-
tex occasionally present.

Cortex of host bone merges without
interruption with cortex of lesion and
respective cancellous portions of adjacent
bone and osteochondroma communicate.

Zonal phenomenon: radiolucent area in center
of lesion and dense zone of mature ossifica-
tion at periphery. Frequently thin radiolucent
cleft separates ossific mass from adjacent
cortex.

Round or ovoid heterogenous in density mass
attached to cortex.

Lobulated mass containing irregular ossifica-
tions and radiolucent area of fat. Hyper-
ostosis of adjacent cortex occasionally
present.

Cortical thickening resembling wax dripping
down one side of a candle. Commonly ex-
tends to the joint.

Parosteal osteoma

Parosteal osteosarcoma

Sessile osteochondroma

Juxtacortical myositis
ossificans

Periosteal osteoblastoma

Ossified parosteal
(periosteal) lipoma

Melorheostosis
(monostotic)

BA

Figure 2-7 Parosteal osteosarcoma.
A: Lateral radiograph shows ossific mass
is attached to the posterior cortex of the
distal femur. B: Computed tomography
shows lack of invasion of bone marrow.
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Sessile osteochondroma can usually be identified by its
characteristic radiographic features: the cortex of the le-
sion merges without interruption with the cortex of the
host bone, and the cancellous portion is continuous with
the host medullary cavity of the adjacent metaphysis or
diaphysis (Fig. 2-8).

A well-matured focus of juxtacortical myositis ossificans
may occasionally mimic osteoma. The radiographic
hallmark of myositis ossificans is the so-called zonal
phenomenon, characterized by a radiolucent area in
the center of the lesion that indicates immature bone
formation and a dense zone of mature ossification at
the periphery. Often a thin radiolucent cleft separates
the ossific mass from the adjacent cortex (Fig. 2-9A).
Occasionally, however, a lesion (frequently, but not al-
ways, a mature one) may adhere to and fuse with the
cortex, thus mimicking parosteal osteoma (Fig. 2-9B).
In these instances CT may demonstrate the classic
zonal phenomenon of the lesion (Fig. 2-9C).

Periosteal osteoblastoma, an extremely rare bone-
producing lesion (31,44), appears radiographically as a
round-to-ovoid juxtacortical mass (19). Its less intense
and less homogeneous density (Fig. 2-10) distinguishes
it from osteoma.

Ossified parosteal (or periosteal) lipoma is a rare lesion,
which in the majority of cases measures 5 to 7 cm at its
greatest dimension (4,14,40,41,54). Pain is an unusual
symptom; most patients give a history of a slow-grow-
ing, painless mass that has been present for many years
(26). Consistent with fatty tumors generally, lobulation
is the chief radiographic feature of the mass, which
contains low-density fat in contrast to the surrounding
muscle tissue that it displaces (35) (Fig. 2-11).

Melorheostosis is a rare form of mixed sclerosing dys-
plasia that on radiography appears as a long segment of
cortical thickening (flowing hyperostosis), often resem-
bling wax dripping down one side of a candle (6,22). A
typical focus of monostotic melorheostosis usually ex-
hibits both parosteal and endosteal involvement and

the lesion commonly extends into the articular end of
the bone (Fig. 2-12), features rarely present in a
parosteal osteoma.

Pathology

The difficulty in distinguishing between parosteal os-
teosarcoma and osteoma may extend to the
histopathology. Conventional parosteal osteosarcoma is
characterized by streamers of bone that appear woven
to woven-lamellar and are produced by low-grade atypi-
cal, sometimes polar, cells of a fibroblastic stroma (33).
Moderately cellular foci of stroma are noted, and nu-
clei may exhibit slight pleomorphism. Some lesions
may exhibit a fairly cellular stroma containing neoplas-
tic osteoid and bone, which clearly indicates malig-
nancy. It may extend to and invade the underlying
bone marrow. The heavily collagenous stroma of
parosteal osteosarcoma is the key feature that distin-
guishes it from parosteal osteoma (51) (Fig. 2-13). In
contrast, the presence of mature bone and the absence
of an active fibrous stroma are the distinctive features
of parosteal osteoma (1).

The microscopic features of sessile osteochondroma are
similar to its radiographic appearance and are likewise
diagnostic, with merging of the cortices and impercep-
tible blending of the spongiosa of the lesion and the
host bone (Fig. 2-14). In addition, the spongiosa of ses-
sile osteochondroma frequently contains remnants of
calcified cartilage that was not completely replaced by
bone during the growth phase of the lesion (33), a
finding not present in osteoma. A cartilaginous cap of
variable thickness on the surface of the osteochon-
droma is a common finding. Because a sessile-type le-
sion may lose this cap by ossification in late adulthood,
it may be confused with osteoma; however, the latter is
always attached to the intact cortex.

The remaining entities that may create difficulties in
the differential diagnosis for the radiologist can easily
be excluded by histopathologic characteristics. For ex-
ample, microscopic examination of myositis ossificans
circumscripta reveals a correlative histologic zonal phe-
nomenon. In contrast to osteoma, the lesion consists of
trabecular bone and marrow fat, not solid cortical bone
(Fig. 2-15).

Small trabeculae of woven bone, numerous dilated
capillaries, and exuberant hyperplasia of osteoblasts,
osteoclasts, and, occasionally, fibroblasts are character-
istic histopathologic findings of periosteal osteoblastoma
(34) (Fig. 2-16). A thin shell of newly formed periosteal
bone may cover the lesion (43).

Histologically, ossified parosteal lipoma can easily be
distinguished from osteoma because it usually exhibits
the typical features of lipoma, composed of adipose
lobulated tumor tissue with mature fat cells and forma-
tion of woven bone trabeculae, and, at later stages, for-
mation of lamellar bone with or without foci of necrosis
and calcification (43).

Also, melorheostosis can easily be distinguished histo-
logically from an osteoma. The former is characterized
by thickened trabeculae containing irregularly
arranged Haversian canals surrounded by cellular 

Figure 2-8 Sessile osteochondroma. Radiographic hallmarks
include uninterrupted cortical and medullary continuity be-
tween the lesion and the host bone (humerus).

Text continues on page 51
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Figure 2-9 Juxtacortical myositis ossificans. A, B: Radiographic hallmarks of the lesion include zonal phenomenon: a radi-
olucent area in the center of the lesion, which indicates immature bone formation, and a dense zone of mature ossification at
the periphery. Note also a thin, radiolucent cleft separating the lesion from the adjacent cortex. C: Focus of mature post-trau-
matic myositis ossificans is tightly adherent to the cortex of the left femur (arrow). The radiolucent cleft that usually separates
the lesion from the cortex is absent. D: In another patient with a post-traumatic focus of myositis ossificans that was firmly at-
tached to the cortex, computed tomography (CT) section shows classic zonal phenomenon.

BA

C D
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Figure 2-10 Periosteal osteoblastoma. Lateral radiograph
of the femur shows a juxtacortical lesion with radiolucent
center and more dense periosteal shell (arrow).

Figure 2-11 Ossified parosteal lipoma. Large ossific mass
is attached to the medial cortex of the right femur. The
radiolucent character of the fatty tissue (distal part of the tu-
mor) is apparent. (Reprinted with permission from Green-
field GB, Arrington JA. Imaging of bone tumors. Philadelphia:
JB Lippincott, 1995, Fig. 4-19.)

Figure 2-12 Forme fruste of melorheostosis. Lateral radi-
ograph of the elbow shows a flowing hyperostosis of the an-
terior cortex of the distal humerus. Note the extension of
the lesion into the joint.
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Figure 2-13 Histopathology of parosteal osteosarcoma.
A: A low-power photomicrograph shows the typical appear-
ance of a heavily collagenized, fibrous matrix with irregular
trabeculae of bone (hematoxylin and eosin, original magnifi-
cation �50). B: A higher power photomicrograph shows the
cellular fibrous stroma with islands of bone tissue bordered
by spindle cells with minimal atypia (hematoxylin and eosin,
original magnification �400). C: The fibrous stroma con-
tains atypical elongated cells, some with hyperchromatic nu-
clei and discrete mitotic activity (hematoxylin and eosin,
original magnification �400).

A B

C

Figure 2-14 Histopathology of sessile osteochondroma.
Whole-mount section of a sessile lesion shows a cartilaginous
cap covered by perichondrium. Broad-based stalk is com-
pletely filled with fatty marrow (hematoxylin and eosin).
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Figure 2-15 Histopathology of myositis ossificans. A: Low-power photomicrograph shows the fibrous cellular center
(darkly stained) (zone 1) surrounded by layers of more mature bone (zone 2). At the periphery of the lesion (zone 3), mature
bone formation is present (hematoxylin and eosin, original magnification �25). B: At slightly higher magnification, mature
lamellar bone borders the connective tissue and muscle (right). Toward the center of the lesion (left), less mature bone, con-
sisting mainly of woven bone, borders almost boneless fibrous tissue (van Gieson, original magnification �50).

A B

Figure 2-16 Histopathology of periosteal osteoblastoma
(here with secondary aneurysmal bone cyst). A: Ring-
shaped plate of dense woven bone, almost without marrow
spaces, indicating long-standing existence of tumor, with
more cancellous bone at the border. The tumor lies at the
outer surface of cortical bone. Some blood-filled spaces of
ABC are present in the center (hematoxylin and eosin, origi-
nal magnification �6). B: Central region of osteoblastoma
shows area containing blood-filled spaces bordered by plate-
like osteoid (upper left) and bone trabeculae, consistent with
ABC (hematoxylin and eosin, original magnification �50).
C: At higher magnification, the periphery of the tumor
shows densely arranged trabeculae of woven bone, bor-
dered by osteoblasts and osteoclasts within the fibrous tissue
of the bone marrow (hematoxylin and eosin, original magni-
fication �200).
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fibrous tissue (Fig. 2-17). Osteoblastic activity is usually
present (6). This is in contrast to the thin trabeculae of
the cancellous osteoma and the dense lamellar bone of
the compact variant of this lesion.

The radiologic and pathologic differential diagnosis
of parosteal osteoma is depicted in Figure 2-18 and
Table 2-1.

Enostosis (Bone Island)

Enostosis, known also as a bone island, is the endosteal
compatriot of osteoma: a focus of cortical bone within
cancellous (trabecular) bone (68). Although not in the
true sense a “bone-forming” lesion, it is included in this
chapter because it exhibits some morphologic features
closely related to those of osteoma and some radiologic
features similar to the other “true” bone-forming neo-
plasms (13,60).

Since its earliest descriptions in the literature, first by
Stieda in 1905 and 7 years later by Fischer (68), enostosis
has been variously named and defined. Stieda referred
to the small, dense circumscribed shadows he observed
inside the cancellous portion of short tubular bones and
in the articular ends of long bones as “compact bone nu-
clei” (kompakte Knochenkerne). It was Fischer, however,
who described these lesions as compact “islands” and
emphasized their importance in differential diagnosis.
Others have offered further names, including “calcified

island in medullary bone” by Steel (68), “sclerotic bone
island” by Meschan (72b), “focal sclerosis” by Caffey
(59), and “end-osteoma” by Schmorl and Junghanns
(77) (describing vertebral lesions). Definitions of this
entity, as the names imply, have been similarly varied. Al-
though some continue to classify enostosis among tu-
mor-like conditions (58,60,62), Mirra (73) regards it as
“misplaced, hamartomatous cortical bone.” In addition,
recent investigations suggest that foci of mature compact
bone within the spongiosa, which are characteristic of
this condition, represent areas that failed to resorb dur-
ing endochondral ossification (68,69). Probably of de-
velopmental or congenital origin, enostosis therefore
represents an anomaly that appears closely related to os-
teopoikilosis (68). The importance of recognizing this
benign lesion, which can be virtually diagnosed on the
basis of its characteristic clinical and radiologic features,
lies in the need to differentiate it from clinically more
significant bone lesions, such as primary or metastatic tu-
mors, when it manifests itself uncharacteristically by be-
ing very large (66,73) and showing activity on skeletal
scintigraphy (69).

Clinical Presentation

Typically asymptomatic, a bone island is often an inci-
dental finding on radiography performed for another
purpose. It is discovered more commonly in adults
than in children and shows no sexual predilection. The

Figure 2-17 Histopathology of melorheostosis. A: A low-power photomicrograph reveals extensive asymmetric sclerosis of
the cortex, with encroachment on the endosteal surface, representing periosteal and endosteal bone formation (hematoxylin
and eosin, original magnification �9). B: Higher magnification of the abnormal cortex reveals that the new bone is largely
lamellar in architecture, reflecting slow modeling (hematoxylin and eosin, polarized light, original magnification �50). (Cour-
tesy of Michael J. Klein, M.D., Birmingham, Alabama.)
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pelvis, the femur, and other long bones are preferential
sites of involvement, although the lesion may be found
anywhere in the skeleton, including the carpal and
tarsal bones as well as the ribs (74). The spine is a rare
site of involvement (57,77), accounting for only three
(1.4%) of 209 bone islands reviewed by Onitsuka (75).
These vertebral bone islands involved the thoracic and
lumbar segments.

Imaging

Regardless of its site or size, a bone island exhibits a con-
sistent radiographic picture. The lesion appears as an
ovoid, round, or oblong focus, homogeneously dense
and sclerotic, in the cancellous bone (spongiosa). It is
commonly oriented with the long axis of the bone paral-
lel to the cortex. Highly distinctive for this lesion are ra-
diating bony streaks, referred to as “thorny radiation”
(70,71) or “pseudopodia” (67), aligned with the long
axis of the host bone’s trabeculae, that merge with the
trabeculae in a feathered or brush-like fashion (Figs. 2-
19 and 2-20). In the great majority of cases, bone islands
range in size from 1 mm to 2 cm (79). “Giant” bone is-
lands, defined as lesions larger than 2 cm (65), have also
been reported (Fig. 2-21). The largest lesion on record,
described by Brien et al. (56) measured 10.5 � 4.8 � 4.0

cm and was located in the proximal femur. Another no-
table giant bone island reported by Park et al. (76) meas-
ured 10.0 � 1.7 � 1.0 cm, located in the tibia. An island
reported by Gold et al. (65) measured 5 � 5 � 4.5 cm,
also located in the tibia. Similarly, a bone island reported
by Smith (79) measured 3.5 � 4 cm and was located in
the ilium, and by Greenspan and Klein (66) measured 4
� 3 � 2.5 cm and was located in the distal femur. In ad-
dition to showing the same radiographic features as
smaller lesions, giant bone islands may also give the “cu-
mulus cloud” impression (73) (Fig. 2-22).

Bone islands usually do not show radiologic evi-
dence of change in size over time. Nevertheless, several
investigators have reported size changes in bone is-
lands, some of which exhibited metabolic activity
(55,64,71,72a,74,75). In the large series of patients who
underwent multiple examinations described by Onit-
suka (75), 44 of 138 bone islands (31.9%) showed
changes in radiographic size over periods ranging from
3 to 23 years. After exclusion of 19 of these lesions be-
cause they had enlarged proportionally during adoles-
cent growth, 21 of the remainder had increased in size
and four had become smaller. Other evidence of grow-
ing bone islands is offered by Blank and Lieber (55),
who reported six cases, by Ngan (74), who described

Figure 2-18 Radiologic and pathologic differential diagnosis of parosteal osteoma.
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Figure 2-19 Enostosis (bone island). A: Anteroposterior radiograph of the right hip of a 10-year-old boy shows a bone is-
land (arrow) in the femoral neck. (Reprinted from Greenspan A. Orthopedic imaging, 4th ed. Philadelphia: Lippincott Williams
& Wilkins, 2004:954, Fig. 33.40.) B: Anteroposterior radiograph of the left hip in a 32-year-old woman shows a bone island
(arrow) in the ilium.

A B

Figure 2-20 Enostosis (bone island). A: Sclerotic lesion in
the distal tibia shows distinctive radiating streaks (arrows),
aligned with the trabeculae of the host bone. B: Radiograph
of the femoral head specimen shows “thorny radiation” of
the bone island, blending with the normal trabeculae of the
host bone.
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three cases and emphasized the possible confusion of
such lesions with sclerotic metastases, and by Hoffman
and Campbell (71), who reported the unstable appear-
ance of a bone island. In the latter work the instability
of a bone island was demonstrated by its disappearance
and reappearance over a period of 6 years in a patient
with hyperparathyroidism.

On CT a bone island appears as a low-attenuation fo-
cus (63), exhibiting (as on radiography) its characteris-
tic brush borders (Fig. 2-23A). Occasionally the lesion’s
“pseudopodia” may show more rounded contours (Fig.
2-23-B). On all MRI pulse sequences a bone island ex-
hibits the low signal intensity characteristics of cortical
bone (Figs. 2-24 and 2-25).

On skeletal scintigraphy a distinctive feature of bone
islands is that they usually exhibit no activity. This is
generally ascribed to the fact that their level of meta-
bolic activity is about the same as that of the surround-
ing cancellous bone. Therefore, radionuclide imaging
has been and continues to be the means of differentiat-
ing bone islands from more aggressive bone lesions.
Nevertheless, reports in the literature of histologically
confirmed bone islands that showed increased radio-
tracer uptake on bone scan (61,65,67,69,78) have
raised a note of caution about the usefulness of scintig-
raphy in distinguishing a bone island from clinically
more significant lesions (Fig. 2-26).

The phenomenon of scintigraphically active bone is-
lands has prompted a number of explanations of the
pathomechanism, which is still unclear. It has been
linked to the large size of reported bone islands (78)
and to their growth, based on the observation that up-
take of the radiopharmaceutical agent is roughly pro-
portional to the volume of a lesion. However, two large
bone islands that were undetectable on bone scans, as
reported by Hall et al. (70), indicate that a lesion’s size
alone is not always a factor in this phenomenon. Others
have pointed to a giant bone island’s histologic mor-
phology and increased metabolic activity relative to the
surrounding cancellous bone as the probable explana-
tion for its striking radionuclide activity (65). Because
tracer uptake implies greater metabolic activity and, usu-
ally, increased blood flow, it is logical to assume that a
bone island will show increased activity if it becomes
metabolically active. However, reports of radiographi-
cally documented growing bone islands (one with a posi-
tive and the other with a negative bone scan) that
showed no histologic evidence of metabolic activity raise
doubts about this pathomechanism (55,72).

A contribution by Greenspan et al. (67,69), correlat-
ing the radiologic and pathologic findings in six cases of
bone island, suggested that the increased tracer uptake
observed in two bone islands appeared to be directly re-
lated to the higher degree of bone remodeling and os-
teoblastic activity exhibited by these lesions in
comparison with the scintigraphically “cold” lesions. On
histologic examination, these “hot” bone islands were
marked by a mixture of compact and trabecular bone,

Figure 2-21 Giant bone island. A large sclerotic lesion oc-
cupies more than 50% of the middle phalanx of the small
finger.

Figure 2-22 Giant bone island. Radiograph of the left ilium
shows a large sclerotic lesion with the brush borders,
assuming configuration of the “cumulus cloud.”
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Figure 2-23 Bone island: computed tomography (CT). A: Axial CT section through the knee joint shows a large low-
attenuation lesion in the medial femoral condyle that exhibits characteristic brush borders. B: Axial CT section through the
proximal tibia in another patient shows a sclerotic focus in the medial aspect of the bone with rounded “pseudopodia.”

A B

Figure 2-24 Bone island: magnetic resonance imaging (MRI). A: Anteroposterior radiograph of the right hip joint
shows a typical bone island in the intertrochanteric area (arrow). B: On coronal spin-echo T1-weighted MRI the lesion exhibits
low signal intensity.

A B
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Figure 2-25 Bone island: magnetic resonance imaging
(MRI). A: Frontal radiograph of the right knee shows a large
sclerotic lesion with “thorny radiation” (arrows). B: Coronal
spin-echo T1-weighted MR image shows the bone island to
be of low signal intensity. C: On coronal spin-echo T2-
weighted sequence, the lesion continues to exhibit low sig-
nal intensity.

C
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with substantial amounts of woven bone. Vasculature was
abundant, and osteoblastic activity with remodeling was
significant. In contrast, the scintigraphically isoactive
bone islands were composed solely of compact bone or
mixed compact and trabecular bone, and showed negli-
gible cellular activity and remodeling.

Histopathology

Microscopic examination of a bone island reveals a
histologic picture that correlates with the radi-
ographic findings. Enostosis is a focus of compact
(cortical) bone in the spongiosa that shows thorn-like,
thickened trabeculae radiating from the lesion and
merging with the surrounding trabeculae of the host
bone (58) (Fig. 2-27). Higher power magnification re-
veals mature lamellar configuration encircling Haver-
sian systems of nutrient canals (Fig. 2-28). Bone is-
lands occasionally contain foci of woven nonlamellar
bone and, as reported in some scintigraphically active
bone islands, they may consist of a mixture of lamellar
and woven bone (65,67). Foci of osteoblastic and os-
teoclastic activity are rare (Fig. 2-29).

Differential Diagnosis

Radiology

In addition to its inclusion in the differential diagnosis
of calcifying enchondroma and medullary bone infarct, as
well as healing nonossifying fibroma, which may occa-

sionally mimic it, an enostosis should be considered in
the differential diagnosis of sclerotic medullary lesions
that carry far more significant clinical implications
than bone island, including osteoid osteoma, osteoblas-
toma, osteosarcoma, and sclerotic metastases. Scintigraphic
activity in a lesion such as an enostosis that is generally
believed to be “cold” on bone scan raises the possibility
that a benign entity will be misdiagnosed as a more se-
rious abnormality. The possibility also exists, regardless
of activity on radionuclide imaging, that a tumor
might be misdiagnosed as a bone island (73). Despite
the continuing usefulness of bone scintigraphy in
distinguishing bone islands from more aggressive le-
sions, finding activity in an otherwise suspected bone
island cannot be a valid factor in the differential
considerations (67).

In general, the presumptive diagnosis of a bone is-
land can easily be made if the individual clinical and ra-
diologic findings, together with follow-up examina-
tions, are taken into consideration (56,80). The guides
to the correct diagnosis are found in the lesion’s mor-
phologic features as demonstrated on radiography, CT,
and MRI, without reliance on scintigraphic findings.
Thus, if a patient is found to have an asymptomatic
isolated sclerotic bone lesion that exhibits the typical
features of a bone island, with brush or feathered
borders, the most likely diagnosis is an enostosis,
whatever its size or its activity on bone scanning. Even
the discovery of a sclerotic lesion in a patient with a

A B
Figure 2-26 Bone island: scintigraphy. A: Anteroposterior radiograph of the right knee in a patient with breast carcinoma
shows a sclerotic lesion in the proximal tibia (arrow). B: Skeletal scintigraphy shows increased uptake of radiotracer by the le-
sion, suspected to be a metastatic focus. Excision biopsy revealed a bone island.
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Figure 2-27 Bone island: histopathology. Slab radiograph (A) and low-power photomicrograph (B) of the femoral head
show typical features of enostosis. Note characteristic thorn-like trabeculae radiating from the lesion. (From Bullough PG. At-
las of orthopedic pathology with clinical and radiologic correlations, 2nd ed. New York: Gower Medical Publishing, 1992, with
permission.)

Figure 2-28 Bone island: histopathology. A: Low-power
photomicrograph of the lesion (hematoxylin and eosin, orig-
inal magnification �16) shows multiple Haversian nutrient
canals within compact bone. B: On higher power (hema-
toxylin and eosin, original magnification �70) periphery of
the lesion reveals parallel bands of mature (lamellar) bone
surrounding nutrient canals. Two of the Haversian canals
are enlarged and contain fatty marrow. C: Under polarized
light the mature lamellar configuration of enostosis is well
demonstrated. (B and C reprinted with permission from
Greenspan A, Klein MJ. Giant bone island. Skeletal Radiol
1996;25:67–69.)
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known neoplasm would strongly suggest a bone island
if this lesion’s characteristic features are observed and
the bone scan is normal. However, when a patient is
symptomatic or the lesion appears “hot” on scintigra-
phy, misdiagnosis may occur in difficult cases. Such a
circumstance demands careful observation with follow-
up imaging studies. An open biopsy is in order if, as
Mirra (73) suggested, the lesion’s growth exceeds 25%
of its diameter within 6 months or 50% within 1 year.

Pathology

The histologic differential diagnosis of enostosis rarely
creates a serious problem, particularly when a patholo-
gist is aware that the specimen has been obtained from
the cancellous bone. Conversely, if only a minute frag-
ment of bone island is submitted for examination, the
microscopic picture may be indistinguishable from a
normal cortical bone. Small biopsy specimen from the fo-
cus of melorheostosis may exhibit some histologic similar-
ities to enostosis; however, correlation with radiographs
clarifies the correct diagnosis. Likewise, the histologic

differentiation of enostosis from osteopoikilosis (which in
fact consists of multiple bone islands) must be based on
imaging features.

The radiologic and pathologic differential diagnosis
of enostosis is shown in Figure 2-30.

Osteoid Osteoma

Osteoid osteoma is a relatively common lesion of bone
(4% of all primary bone tumors excluding myeloma,
and 10% of all benign bone lesions), characterized by a
nidus of osteoid tissue, that is usually less than 1 cm in
diameter (93). The nidus, consisting of cellular, highly
vascularized tissue that contains osteoid, can be entirely
radiolucent or it may have a sclerotic center. In many
instances the nidus is surrounded by a zone of reactive
bone formation (98,114). Very rarely, an osteoid os-
teoma may present with more than one nidus. When
two or more nidi are present within a single bone, the
name multifocal osteoid osteoma is given, whereas mul-
ticentric osteoid osteoma refers to multiple nidi in dif-
ferent bones (107,134,138,143). Another variant of this

Figure 2-29 Bone island: histopathology. A: High-power
photomicrograph (hematoxylin and eosin, original magnifica-
tion �230) of the bone island (same patient as in Fig. 2-26)
shows large vascular spaces and osteoblastic cells along the
bone surfaces. B: In another patient, a high-power photomi-
crograph (hematoxylin and eosin, original magnification
�250) shows osteoblastic activity and bone remodeling.
C: Under polarized light the osteoblasts and parallel lamellae
of mature bone surrounding the Haversian canal are well
demonstrated.

A B
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lesion has recently been reported, a “beaded” osteoid
osteoma, which most likely represents transition be-
tween solitary and multifocal tumor (90).

Clinical Presentation

Patients with osteoid osteoma almost invariably present
with a complaint of nocturnal pain that may be severe
enough to cause awakening (96,103). This is apparently
due to the presence of prostaglandins that are demon-
strated in the nidus but not in the surrounding bone
(106,127,153). Recently, cyclooxygenase 1 and 2 (Cox-1
and Cox-2), apparently the source of these
prostaglandins, have also been detected in osteoid os-
teoma by immunohistochemical methods (116,130).
Salicylates, such as aspirin, are remarkably effective in
relieving the pain, usually in less than half an hour.
This classical presentation is typical in greater than
75% of patients and provides an important clue to the
diagnosis (148). Local swelling and point tenderness
are present in some patients (81,85,137). There may be
also neurologic signs and symptoms, which can include
muscle atrophy, a decrease in deep tendon reflex re-
sponses, and variable degrees of sensory loss (149). In
most cases, osteoid osteoma arises in the age range of
10 to 35 years (89,121). There is a marked predomi-
nance in males, with a number of studies reporting a
male-to-female ratio of 2:1 to 4:1 (34,93,100, 113–115,
119–121) (Fig. 2-31).

Osteoid osteoma can arise in virtually any bone. The
long bones are preferentially affected (approximately
65% of the lesions occur in the long bones), particu-
larly the femur and tibia [over 53% of all osteoid osteo-
mas are located in these bones with the proximal femur
being most frequently affected (91)], in which the le-

Figure 2-30 Radiologic and pathologic differential diagnosis of enostosis.

RADIOLOGY

PATHOLOGY

ENOSTOSIS
(BONE ISLAND)

Calcifying
enchondroma

Melorheostosis

Sclerotic
metastasis

Normal
cortical bone Osteopoikilosis

Osteosarcoma

Medullary
bone infarctOsteoblastoma

Osteoid
osteoma

sions usually occur near the end of the shaft. Less com-
monly affected sites are the phalanges of hands and
feet (21%), the vertebrae (9%), the humerus (122),
and the scapula (88).

Depending on its location in the particular part of
the bone, the lesion can be classified as cortical,
medullary (cancellous), or subperiosteal. Osteoid os-
teomas can be further subclassified as extra- or intra-
capsular (intraarticular) (98,121). Recently, Kayser et
al. (117) hypothesized that many osteoid osteomas aris-
ing in the tubular bones may in fact originate in a sub-
periosteal site and later appear as the intracortical le-
sions.

Intraarticular osteoid osteomas preferentially affect
the hip (149). However, lesions in the elbow, foot, wrist,
knee, and vertebral facet joints have also been reported
(101,105). These tumors are usually characterized by
nonspecific symptoms that are indicative of an inflam-
matory synovitis (82,144). Sclerosis may be lacking and
the periosteal reaction is absent. On physical examina-
tion, a joint effusion and synovitis may be identified
(82,92). Intracapsular lesions may also cause a preco-
cious appearance of arthritis. This can provide an im-
portant diagnostic clue in cases when the history is typi-
cal of osteoid osteoma but the nidus has not been
confirmed by radiography (132). If a lesion is located
near the growth plate, particularly in a young child, it
may cause accelerated bone growth.

Osteoid osteoma involves the axial skeleton in 10%
of cases (118,119,123,131,135). Osteoid osteoma of the
spine most commonly involves the lumbar segment
(59%). Less frequently affected are the cervical (27%),
thoracic (12%), and sacral (2%) vertebrae (34,120,121,
142). In patients with lesions of the neural arch painful
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scoliosis often occurs (frequently as a result of a
spasm), the concavity of the curvature being toward the
side of the lesion (118).

Cytogenetic analysis of osteoid osteoma showed
clonal chromosomal changes in one out of six studied
cases (94). Two other investigated tumors revealed
structural alterations of 22q13, a region containing
genes that are involved in cell cycle regulation (86).

Imaging

The probability of identifying osteoid osteoma by con-
ventional radiography is dependent on the location of
the lesion. Cortical lesions are usually characterized by
a radiolucent nidus (representing the tumor itself)
with a surrounding area of reactive sclerosis. A pe-
riosteal reaction may or may not be identified (Fig. 2-
32A). An intramedullary nidus is less easily identified
on radiography because very little or no reactive sclero-
sis is present (Fig. 2-32B). Occasionally, the nidus may
exhibit a focus of central calcification (sclerotic cen-
ter). The nidus of a subperiosteal lesion may be visual-
ized either as a central radiolucent or sclerotic focus,
with or without reactive sclerosis (Fig. 2-32C), or as a
shaggy, crescent-like focus of periosteal reaction (120).
The radiographic presentation of intracapsular lesions
is frequently characterized by periarticular osteoporosis
and in some instances by premature osteoarthritis (Fig.
2-32D) (132).

In some instances conventional tomography is used
to evaluate osteoid osteoma, with better visualization of
the nidus than can be obtained with conventional radi-
ography (Fig. 2-33). It can also assist in confirming or
excluding the presence of a sinus tract and is therefore
useful when the differential diagnosis includes a possi-
ble bone abscess.

Skeletal scintigraphy is a highly sensitive method for
detecting the nidus of osteoid osteoma (125,139,152).
This modality can be particularly helpful in cases for
which the symptoms are atypical and the initial radi-
ographs appear normal (146). A three-phase radionu-
clide bone scan, using technetium-99 as a scanning
agent, has been suggested (111), which can be espe-
cially valuable when intraarticular or intramedullary le-
sions are not clearly visualized by conventional radiog-
raphy. Radionuclide tracer activity can be observed on
both immediate and delayed images (Fig. 2-34). Os-
teoid osteoma is occasionally characterized by an inter-
esting scintigraphic feature, the so-called double-density
sign. This phenomenon is believed to be related to in-
creased vascularity of the nidus (110,111). In agree-
ment with the appearance of the lesion on radiography,
the double-density sign is seen as a small focus of in-
creased activity associated with the nidus; this focus is
surrounded by a larger area of less intense activity, re-
lated to the reactive sclerosis that surrounds the nidus
(Fig. 2-35). Identification of the double-density sign
can help to differentiate an osteoid osteoma from a
bone abscess.

Ultrasound can be helpful in diagnosis of intraartic-
ular lesions (97), and Doppler duplex color technique
can be used to localize the nidus (102).

As the definite study for diagnosis of osteoid os-
teoma, CT is recommended. Not only can CT identify
the lesion (151) but it can also accurately determine its

Figure 2-31 Osteoid osteoma: skeletal sites of predilec-
tion, peak age range, and male-to-female ratio.

Text continues on page 65
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Figure 2-32 Osteoid osteoma. A: Cortical lesion. Radiolucent nidus is surrounded laterally by reactive sclerosis and medially by
a solid periosteal reaction (arrow). B: Intramedullary lesion. Intramedullary nidus (arrows) shows no evidence of reactive sclerosis.
C: Subperiosteal lesion. Sclerotic, subperiosteal nidus on the surface of talar bone (arrow) shows minimal periosteal reaction
without reactive sclerosis. D: Intracapsular lesion. Faintly discernible radiolucent nidus is present in the left femoral neck (arrow)
without evident perilesional sclerosis. Periarticular osteoporosis and early osteoarthritic changes (osteophytes) (arrowheads) are
the presumptive features of osteoid osteoma in this 14-year-old boy. 
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Figure 2-32 Continued E: Intracapsular lesion. Anteroposterior radiograph of the right hip in a 28-year-old man reveals os-
teoid osteoma in the medial femoral neck (arrow). F: Tomography of the same hip clearly shows osteoarthritic changes: collar
osteophyte (arrowheads) and slight narrowing of the weight-bearing segment of the hip joint.

Figure 2-33 Osteoid osteoma: conventional tomography. A: Trispiral tomogram reveals a radiolucent nidus of osteoid os-
teoma in the proximal humerus (arrow), which had not been apparent on conventional radiography. B: Trispiral tomogram of
the thoracolumbar junction demonstrates a nidus of osteoid osteoma with perilesional sclerosis in the left pedicle of L1.

E F
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Figure 2-34 Osteoid osteoma: scintigraphy. A: In the
first phase of a three-phase radionuclide bone scan, 1 min
after intravenous injection of 15 mCi (555 MBq) tech-
netium-99m-labeled MDP, there is increased activity in the
right iliac and femoral vessels. Discrete activity in the area
of the medial femoral neck (arrow) is related to the nidus.
B: In the third phase, 2 hours after injection, there is accu-
mulation of a bone-seeking tracer in the right femoral neck
lesion (arrow). (Reprinted with permission from Greenspan
A. Benign bone forming lesions: osteoma, osteoid os-
teoma, and osteoblastoma. Skeletal Radiol 1993;22:490.) Figure 2-35 Osteoid osteoma: scintigraphy. Scintigraphy

of tibial osteoid osteoma shows a characteristic “double-
density” sign (arrow): increased uptake in the center (related
to the nidus of osteoid osteoma) and a less intensely active
area at the periphery (denoting reactive sclerosis).
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extent, thus enabling exact measurement of the size
and location of the nidus (103,105,112, 140,141) (Fig.
2-36). The nidus usually appears as a well-defined area
of low attenuation, which is surrounded by a variably
sized region of high attenuation reactive sclerosis (Fig.
2-37). To delineate the lesion, thin (preferably 
2-mm) contiguous sections are most appropriate (Fig.
2-38). CT is particularly useful to define lesions that
arise in the axial skeleton, whose complex anatomy is
less clear on routine radiography and conventional to-
mography (145) (Fig. 2-39).

The suitability of MRI for detection of osteoid os-
teoma remains unclear and published reports have
had mixed results (99,109,150,155,157). Goldman et
al. (105) reported on four cases of intracapsular os-
teoid osteoma of the femoral neck, in which the le-
sions were evaluated with bone scintigraphy, CT, and
MRI. Although in all cases abnormal findings were ap-
parent in the MR images, the nidi could not be identi-
fied prospectively. On the basis of MRI findings of sec-
ondary bone marrow edema or synovitis, several
incorrect diagnoses were made, which included Ewing
sarcoma, osteonecrosis, stress fracture, and juvenile
arthritis. In these cases, it is noteworthy that the cor-
rect diagnoses were made only after review of the radi-
ographs and thin-section CT studies. Another report
by Woods et al. (154) involved three patients with a
highly unusual association of osteoid osteoma with a
reactive soft tissue mass. In these cases, MRI studies
might have led to confusion of osteoid osteoma with
osteomyelitis or a malignant tumor. Moreover, in each
case the nidus displayed different signal characteris-
tics. In one case the intensity of signal was generally
low on all pulse sequences but mild enhancement was
seen after administration of gadolinium. In another
case, the signal was of intermediate intensity and ad-

ministration of gadolinium revealed inhomogeneous
enhancement of the nidus. For the third case in which
plain films showed the nidus to be intracortical, MRI
could not identify the nidus distinctly. More recently,
Davies et al. analyzing the MR imaging findings in 43
patients with osteoid osteoma concluded that reliance
on MRI alone may lead to misdiagnosis (95). They
suggested additional application of skeletal scintigra-
phy and CT in unclear cases, particularly when unex-
plained areas of bone marrow edema are encoun-
tered.

However, some reports do suggest the effectiveness
of MRI for demonstrating the nidus of osteoid os-
teoma (84,104,156) (Figs. 2-40 and 2-41). Bell et al.
(87) clearly demonstrated an intracortical nidus on
MRI that had not been seen on scintigraphy, angiogra-
phy, or CT scans. The nidus exhibits high signal inten-
sity on T2-weighted sequences, most likely due to ab-
normal Cox-1 or Cox-2 levels (116). Recently, Liu et
al. (126) advocated imaging of osteoid osteoma with
dynamic gadolinium-enhanced MRI for greater
conspicuity.

Histopathology

In lesions of osteoid osteoma, the nidus is small, well
circumscribed, and self-limited. It is composed of os-
teoid tissue or mineralized immature woven bone (Figs. 
2-42A–C). The osteoid matrix and bone form small and
irregular trabeculae, with a thickness ranging from thin
and delicate to broad and sclerotic (120). The trabecu-
lae are surrounded by a highly vascular fibrous stroma
that exhibits prominent osteoblastic and osteoclastic ac-
tivity (Fig. 2-42D). The sclerosis surrounding the lesion
is composed of dense bone that displays a variety of
maturation patterns. From the ultrastructural viewpoint,
the morphology of osteoblasts of osteoid osteoma is

Figure 2-36 Osteoid osteoma: computed tomography (CT). A: Anteroposterior radiograph of the left elbow of a 31-year-
old man with the typical clinical symptoms of osteoid osteoma shows periarticular osteoporosis. There is the suggestion of a
lesion in the capitellum. B: Sagittal CT section unequivocally demonstrates a subarticular nidus, measuring 6.5 mm.
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Figure 2-38 Osteoid osteoma: computed tomography (CT). A: Osteoid osteoma in the medial femoral cortex in an 18-
year-old woman (arrow). B: Two-millimeter-thin CT sections through the lesion were obtained. C: Low-attenuation nidus of
osteoid osteoma is surrounded by a high-attenuation zone of reactive sclerosis.

A, B C

Figure 2-37 Osteoid osteoma: computed tomography (CT). Axial (A) and reformatted sagittal (B) CT sections clearly
demonstrate the nidus (arrow) in the anterior cortex of the tibia in a 16-year-old boy. Note the significant amount of perile-
sional reactive sclerosis.

A B

5480_Greenspan_Ch02p040-157.qxd  7/19/06  1:33 PM  Page 66



CHAPTER 2 Bone-Forming (Osteogenic) Lesions — 67

Figure 2-39 Osteoid osteoma: computed tomography (CT). A: Radiograph of the cervical spine does not clearly
demonstrate the suspected lesion of osteoid osteoma. B: CT section through C6 shows a low-attenuation nidus with a
sclerotic center, located in the left pedicle and extending into the lamina. (Reprinted with permission from Greenspan A. Be-
nign bone forming lesions: osteoma, osteoid osteoma, and osteoblastoma. Skeletal Radiol 1993;22:492.)

BA
Figure 2-40 Osteoid osteoma: magnetic resonance imaging (MRI). A: Conventional radiograph shows a sclerotic area lo-
calized to the medial aspect of the proximal femoral shaft. The nidus is not apparent. B: Axial T1-weighted MRI clearly
demonstrates the high-intensity nidus (arrow) within a low-intensity sclerotic cortex. (Courtesy of Lynne S. Steinbach, M.D.,
San Francisco, California. Reprinted with permission from Greenspan A. Benign bone forming lesions: osteoma, osteoid os-
teoma, and osteoblastoma. Skeletal Radiol 1993;22:492.)
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Figure 2-41 Osteoid osteoma: magnetic resonance imaging (MRI). A: Coronal T1-weighted (SE; TR 600, TE 20) MRI
shows an osteoid osteoma in the lateral aspect of the neck of the left femur. (Reprinted with permission from Stoller DW.
Magnetic resonance imaging in orthopedics and sports medicine, 2nd ed. Philadelphia: JB Lippincott, 1993:1234.) B: Coronal T1-
weighted (SE; TR 600, TE 20) MRI shows an osteoid osteoma in the medial cortex of the left tibia. (Reprinted with permission
from Stoller SW. Magnetic resonance imaging in orthopedics and sports medicine, 2nd ed. Philadelphia: JB Lippincott, 1993:
1236.)

generally similar to that of normal osteoblasts. However,
these osteoblasts possess irregular, indented nuclei (in-
dicative of high metabolic activity), glycogen particles,
an abundance of fine intracytoplasmic fibers, and occa-
sional iron-containing lysosomes (147). Moreover, some
of these osteoblasts possess atypical mitochondria with a
lobulated or “honeycomb” appearance. The areas of
mineralized matrix exhibit the morphology of coarse
woven bone. In two of the cases reported by Steiner
(147), the osteoid contained, in addition to collagen,
fine granular material, probably representing polysac-
charides. Applying immunohistochemistry, nerve fibers
positive for S-100, PGP 9.5 and/or neurofilament could
be demonstrated in the fibrous zone and also in the
nidus of osteoid osteoma, but not in other tumors in-
cluding osteoblastoma (108,133). This finding in
combination with prostaglandin and Cox-1/Cox-2
synthesis may explain the almost pathognomonic clini-
cal presentation of this lesion.

Differential Diagnosis

Radiology

Even when a cortical lesion exhibits the classic radi-
ographic appearance of osteoid osteoma, the differen-
tial diagnosis must consider an osteoblastoma (159,176), a
cortical stress fracture, a focus of infection (124), and intra-
cortical osteosarcoma (123). Only exceptionally osteoid os-

teoma may simulate an osteocartilaginous exostosis (128).
The main differential factor to be considered in distin-
guishing osteoid osteoma from osteoblastoma is the size of
the lesion. Generally, osteoblastomas are larger, exceed-
ing a diameter of 2 cm (see discussion under heading
“Osteoblastoma”). Periosteal reaction may be more
prominent than encountered in osteoid osteomas. In
stress fracture, the radiolucency is usually more linear than
that of osteoid osteoma, running perpendicular to or at
an angle to the cortex rather than parallel to it (Fig. 
2-43). A cortical bone abscess may have a similar radi-
ographic appearance to that of osteoid osteoma, but it
can usually be differentiated by a linear, serpentine tract
that extends away from the abscess cavity (Fig. 2-44). In
some instances, intracortical osteoid osteoma must be
differentiated from intracortical osteosarcoma, a rare bone-
forming malignancy that arises solely within the cortex
of bone and grossly involves neither the medullary cavity
nor the soft tissues (123,129,136). On radiography, the
latter tumor appears as a radiolucent focus within the
cortex (femur or tibia), surrounded by zone of sclerosis.
Occasionally, fluffy densities can be demonstrated in
the radiolucent zone (129). The cortex at the site of the
lesion may bulge slightly or may be thickened. The re-
ported size of the lesion varies from 1.0 to 4.2 cm (83).

In intramedullary lesions, the differential must again
consider an osteoblastoma, a bone abscess (Brodie abscess)
and, in a lesion with calcified nidus, a bone island 
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Figure 2-42 Histopathology of osteoid osteoma. A: Low-power magnification shows a well-demarcated nidus composed of
osteoid and trabeculae of immature woven bone (red, center), surrounded by a narrow, cell-rich outer zone (blue). At the pe-
riphery of the nidus, bone shows partial sclerosis (left half) (hematoxylin and eosin, original magnification �6). B: Low-power
magnification shows the nidus to be composed of irregular woven bone trabeculae with dense osteoblastic rimming. From
the left and right the nidus is clearly delineated by the adjacent bone (hematoxylin and eosin, original magnification �50). 
C: At higher magnification, osteoblastic rimming of woven bone trabeculae is conspicuous. In addition, some osteoclasts are
also present (hematoxylin and eosin, original magnification �100). D: High-power photomicrograph of the nidus shows
interconnecting small trabeculae distributed within a fibrovascular stroma. Note the prominent osteoblastic activity (hema-
toxylin and eosin, original magnification �400). E: S-100 positive (dark brown, top and center) small peripheral nerves in the
tan-stained stroma of the nidus. Trabeculae appear light blue because of immunohistochemistry methylene-blue
counterstaining (immunohistochemistry, ABC method, original magnification �200).
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Figure 2-43 Cortical stress fracture.
Lateral radiograph of the tibia shows
the perpendicular direction of radiolu-
cency to the long axis of the tibial cor-
tex (arrow).

Figure 2-44 Cortical bone abscess.
Lateral tomogram of the tibia shows
a radiolucent, serpentine tract (ar-
row) that was originally misdiag-
nosed as osteoid osteoma.

(enostosis). Osteoblastoma, as mentioned previously, is a
larger lesion than osteoid osteoma, and, in addition,
exhibits considerably less peritumoral reactive sclerosis.
A medullary bone abscess exhibits a central radiolucency
very similar to that of osteoid osteoma, but, similarly to
the cortical focus of infection, it can usually be

Figure 2-45 Medullary bone abscess. An-
teroposterior radiograph of the distal femur
shows a serpentine tract extending from an
abscess cavity toward the growth plate.

BA

Figure 2-46 Epiphyseal bone abscess. A: A 7-year-old boy experienced intermittent pain in the left knee for 3 weeks; the
pain was worse at night and was promptly relieved by salicylate. On the basis of clinical history and radiography showing a
round radiolucency in the epiphysis with mild perilesional sclerosis, osteoid osteoma was considered in the differential
diagnosis. B: Computed tomography (CT) section through the lesion reveals cortical disruption and the serpentine
configuration of the radiolucent tract that extends into the articular cartilage. This is characteristic of bone abscess.

differentiated by the serpentine tract that extends from
the abscess cavity toward the nearest growth plate (Figs.
2-45 and 2-46). A bone island is characterized on radiog-
raphy by the lesion’s brush-like borders, which blend
with surrounding trabeculae in a pattern likened to
“thorny radiation” or “pseudopodia” (67,68) (Fig. 2-47;
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Figure 2-47 Enostosis (bone island). Note characteristic
features of this lesion (arrows): a homogeneously dense,
sclerotic focus in the cancellous bone with distinctive
radiating bony streaks (“thorny radiation”) that blend with
the trabeculae of the host bone, creating a feathered, or
brush-like, border.

Figure 2-48 Enostosis (bone island). A 32-year-old woman presented with nocturnal pain localized in the wrist area. 
A: Dorsovolar radiograph of the wrist shows a dense, round lesion in the scaphoid (arrow), and a diagnosis of osteoid
osteoma was considered. B: Bone scan reveals normal uptake of the radiopharmaceutical tracer, ruling out osteoid osteoma,
which is invariably associated with increased isotope uptake. The lesion proved to be a bone island. The pain was related not
to the bone lesion but to tenosynovitis.

A B

see also Figs. 2-19 and 2-20). In addition, bone islands
usually exhibit no increased activity on radionuclide
bone scan (69) (Fig. 2-48).

A schematic representation of differential possibili-
ties of cortical and medullary osteoid osteoma is shown
in Figure 2-49.

Pathology

Histopathologic differential diagnosis of osteoid os-
teoma should include primarily osteoblastoma and os-
teosarcoma because the histologic appearances of stress
fractures, intracortical osteomyelitis, Brodie abscesses, and
bone islands are unmistakably characteristic and do not
create identification problems (Table 2-2).

Probably the most difficult task is to differentiate os-
teoid osteoma from osteoblastoma. In fact, some author-
ities (44) consider these entities to represent the same
lesion in different stages of development because they
show such remarkable histologic similarities. On the
other hand, some investigators contend that osteoid
production is usually greater in osteoblastoma than in
osteoid osteoma and that the former lesion shows
greater vascularity. Whereas in osteoid osteoma there
seems to be a more organized structure with
maturation of the nidus toward its periphery, in os-
teoblastoma the distribution of osteoid and trabecular
bone has a less organized pattern: the whole lesion
may be in the same stage of development (43). The
difference in the size of the nidus (1.0 cm or less for
osteoid osteoma and greater than 2 cm for osteoblas-
toma) may be an artificial division because osteoblas-
toma in the early stage of development has to be
smaller than 2 cm. In the spine that division may be
even more artificial, because the lesions of osteoblas-
toma are often smaller than 2 cm. The presence of
more or less marked perilesional sclerosis in osteoid
osteoma may allow this rather arbitrary differentiation.
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Figure 2-49 Schematic representation of differential possibilities of (A) cortical and (B) medullary osteoid osteoma.

A

B
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Table 2-2 Differential Diagnosis of Osteoid Osteoma

Condition (Lesions) Radiologic Features Pathologic Features

Cortical osteoid osteoma Radiolucent nidus, round or elliptical, Nidus composed of osteoid tissue or
surrounded by radiodense reactive mineralized immature bone. Osteoid
sclerosis. Solid or laminated (but not matrix and bone form irregular islets
interrupted) periosteal reaction. and are surrounded by a richly vascular
Scintigraphy invariably shows fibrous stroma. The islets have a
increased uptake of radiotracer. trabecular structure, whose thickness
“Double-density” sign. ranges from thin and delicate to broad

and sclerotic. The stroma shows
prominent osteoblastic and osteoclastic
activity. Perilesional sclerosis composed
of dense bone exhibiting various
maturation patterns.

Medullary osteoid osteoma Radiolucent (or with central
calcification) nidus, without or with
only minimal perinidal sclerosis.
Usually no or only minimal periosteal
reaction. Scintigraphy—as above.

Subperiosteal osteoid Central radiolucent or sclerotic nidus As above.
osteoma with or without reactive sclerosis.

Occasionally shaggy, crescent-like
focus of periosteal reaction. 
Scintigraphy—increased uptake of
radiotracer.

Intracapsular (periarticular) Periarticular osteoporosis. Premature
osteoid osteoma onset of osteoarthritis. Nidus may or

may not be visualized. Scintigraphy—
as above.

Osteoblastoma See Table 2-3. See Table 2-3.
Stress fracture (cortical) Linear radiolucency runs perpendicular Features of bone repair: osteoid and

or at an angle to the cortex. cartilaginous callus, osteoblastic and
Scintigraphy—increased uptake of osteoclastic activity.
radiotracer.

Bone abscess (Brodie) Irregular in outline radiolucency, usually Necrotic tissue, giant cells, granulocytes,
with a sclerotic rim, associated with lymphocytes, plasma cells, and
serpentine, linear tract. Predilection histiocytes.
for metaphysis and the ends of tubular
bones. Scintigraphy—increased uptake
of radiotracer. MRI—on T1 WI a well-
defined low-to-intermediate-signal
lesion outlined by a low-intensity rim.
On T2 WI a very bright homogenous
signal, outlined by a low-signal rim.

Bone island (enostosis) Homogeneously dense, sclerotic focus in Focus of mature, compact bone with
cancellous bone with distinctive thickened peripheral trabeculae that
radiating streaks (thorny radiation) that blend with trabeculae of the spongiosa.
blend with the trabeculae of the host Wide bands of parallel or concentric
bone. Scintigraphy—usually no lamellae; marrow spaces resembling
increased uptake. MRI—low-intensity Haversian canals.
signal on T1 and T2 WI.

Intracortical osteosarcoma Intracortical radiolucent focus surrounded Consistent with an osteoblastic
by zone of sclerosis. Occasionally osteosarcoma with focal evidence of
central “fluffy” densities. Cortex chondroid and fibroblastic
thickened or bulged. Scintigraphy— differentiation. Permeation of
increased uptake of radiotracer. Haversian systems. “Trapping” of

lamellar bone within the tumor.
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Figure 2-50 Histopathology of bone island. A: Low-power photomicrograph demonstrates “pseudopodia” of the lesion.
Note the multiple marrow spaces in the center, very similar to the Haversian systems of nutrient canals (hematoxylin and
eosin, original magnification �16). B: A high-power photomicrograph reveals compact bone with wide bands of parallel
lamellae and concentric rings (hematoxylin and eosin, original magnification �90).

A B

However, genetic analysis revealed chromosomal alter-
ations involving chromosome 22 in osteoid osteoma
that were different from alterations observed in os-
teoblastomas (86,193).

Histologic differentiation of osteoid osteoma from
osteosarcoma (mainly from the intracortical variant) is
less challenging. The latter tumor is rich in osteoid and
woven bone, with minimal anaplasia due to so-called
normalization of nuclei. Trapping of host cortical
lamellar bone within the tumor, however, is an indicator
of malignancy (129).

Differentiation of osteoid osteoma from a bone island
is not difficult. The histopathologic features of bone is-
land are characteristic: a dense, sclerotic focus of com-
pact bone within the cancellous bone exhibits thickened
peripheral trabeculae blending with the trabeculae of
the spongiosa. In addition, the lesion shows parallel or
concentric bands of mature compact lamellar bone, and
marrow spaces having the appearance of Haversian
canals (67,68) (Fig. 2-50; see also Fig. 2-28).

The radiologic and pathologic differential diagno-
sis of osteoid osteoma is depicted in Figure 2-51 and
Table 2-2.

Osteoblastoma

Osteoblastoma accounts for approximately 1% of all
primary bone tumors and 3% of all benign bone le-
sions (176, 177). Jaffe and Mayer are credited with
identifying it as an entity in 1932 (178). Later it was
described as “giant osteoid osteoma,” underscoring its
close histologic resemblance to osteoid osteoma and
its larger size (167). The lesion is often more than
2 cm in diameter (177). Lichtenstein termed it an “os-
teogenic fibroma of bone,” subsequently changing the
name to “benign osteoblastoma” (30,31,182). The his-
tologic similarities between osteoid osteoma and os-
teoblastoma are striking, and differentiation is often

difficult if not impossible (163). Some authors sub-
scribe to the concept that they represent different
clinical expressions of the same pathologic process
(44,170). In most of the world literature, however, os-
teoid osteoma and osteoblastoma are considered sep-
arate and distinct clinical entities, mainly because of
their different clinical presentations and different ra-
diologic characteristics. Their natural histories also
differ: whereas osteoid osteoma tends toward regres-
sion, osteoblastoma tends toward progression and
even malignant transformation (113) (although the
possibility of the latter event remains controversial).
Genetic findings are also in favor of separating these
lesions (94,192).

Clinical Presentation

Like osteoid osteoma, osteoblastomas are most often
found in patients in the first to third decades with the
peak incidence in the second decade (184); “aggres-
sive” tumors are usually seen in an older age group (av-
erage age 33 years) (180,187). The male-to-female ratio
appears to be approximately 2:1 (122,175). The long
tubular bones are frequently affected, but the lesion
shows a distinct predilection for the axial skeleton in
general and the vertebral column in particular
(13,34,164,180,181) (Fig. 2-52). Approximately 30% to
40% are localized in the spine (131), more or less
equally in the cervical, thoracic, and lumbar segments,
mainly in the posterior elements including the arch
and spinous processes (186). In one series of 123 tu-
mors, 39 (32%) were located in the spine and 23 (19%)
in the jaw; the remaining 61 tumors were distributed
throughout the appendicular skeleton with a predilec-
tion for the femur and tibia (187). Periosteal osteoblas-
tomas have occasionally been reported (190), but mul-
tifocal lesions are quite rare (158).

The clinical presentation of osteoblastoma is differ-
ent from that of osteoid osteoma (159,176). Some pa-
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Osteoblastoma

Stress
fracture

Figure 2-51 A: Differential diagnosis of intracortical osteoid osteoma. B: Differential diagnosis of medullary osteoid 
osteoma.

tients are asymptomatic, and the lesion is found inci-
dentally (183). Symptomatic patients in one study most
often experienced a dull, localized pain, with a median
duration of symptoms of 6 months before they pre-
sented for treatment. The pain very rarely interfered
with sleep. Although the use of salicylates for pain relief

is not mentioned in the study by Kroon and Schurmans
(180), the pain of osteoblastoma does not appear to be
as readily relieved by salicylates as the pain in osteoid
osteoma. Tenderness at the tumor site is a consistent
physical finding (186), and swelling may be present,
particularly when the lesion is near the surface (180).
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Patients with lumbar vertebral lesions will very com-
monly present with scoliosis. Scoliosis also commonly
occurs in patients whose tumors arose in the ribs
(169,172). Spinal lesions in particular may cause
neurologic deficits ranging from muscle weakness to
paraplegia.

Toxic osteoblastoma, a rare variant of this tumor, has
recently been recognized (166). It is associated with
systemic manifestations, including diffuse periostitis of
multiple bones, fever, and weight loss (191).

Osteoblastomas rarely extend into the soft tissues
and do not metastasize, although they do tend to recur
locally.

Imaging

Conventional radiography is the basis for the diagnosis
of osteoblastoma. In a review of the spectrum of os-
teoblastoma in 123 patients by McLeod et al. (187),
most tumors (75%) were either spherical or slightly
oval, with the remainder being longitudinal; the tumor
margin was well defined (83%). In half of the appen-
dicular tumors, there was considerable reactive sclero-
sis; 13% of these tumors, however, had only a sclerotic
rim, and 37% showed no surrounding sclerosis. The in-
terior of the lesions was most often radiolucent (64%),
whereas various degrees of ossification were present in
the remaining cases. The authors speculated that le-
sions tend to be radiolucent when they are younger, os-
sifying as they mature. In the great majority of tumors,
the cortex was either perfectly normal or intact, al-
though expanded and thinned (75%); the cortical ex-
pansion was usually eccentric. Destruction or penetra-
tion of the cortex suggesting malignancy was present in
a minority (20%) of tumors. The great majority of os-
teoblastomas showed periosteal new bone formation,
which in some cases was extremely prominent. The pe-
riosteal reaction was predominantly benign and of the
solid type (86%), whereas the remainder showed spicu-
lation or multilamination, suggesting a more aggressive
lesion.

In a review of the range of manifestations of os-
teoblastoma by Marsh et al. (186), the majority of
tumors showed a shell of reactive bone separating the
tumor from the surrounding normal bone. Osteoblas-
tomas of the spongy bone of the spine, ilium, or talus
exhibited less prominent reactive bone formation, and
those arising in the cortex more pronounced reactive
bone, than is seen in osteoid osteoma.

Four distinctive types of osteoblastomas can be iden-
tified, based on the radiographic findings (23). (a) The
lesion may be almost identical to osteoid osteoma, al-
though much larger (usually �2 cm in diameter). This
type occasionally exhibits less reactive sclerosis than os-
teoid osteoma, but the periosteal reaction is more
prominent. (Fig. 2-53). (b) Osteoblastoma may also ap-
pear as a blow-out expansive lesion similar to an aneurys-
mal bone cyst, with small radiopacities in the center. This
pattern is particularly common in tumors involving the
spine (Fig. 2-54). (c) The tumor may occasionally appear
as an aggressive lesion, simulating a malignant neoplasm
(Fig. 2-55). Many of the so-called aggressive osteoblas-

Figure 2-52 Osteoblastoma: skeletal sites of predilection,
peak age range, and male-to-female ratio.
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Figure 2-53 Types of osteoblastoma: giant osteoid os-
teoma. The osteoblastoma of the proximal humerus in this
8-year-old boy appears similar to osteoid osteoma. However,
the lesion is larger (2.5 cm in its largest dimension), and
there is a more pronounced periosteal response.

Figure 2-54 Types of osteoblastoma: blow-out expansion.
A: Expansive blow-out osteoblastoma with several small cen-
tral opacities in the lamina of C6 (arrows). B: Large osteoblas-
toma originating in the lamina and involving the pedicle,
transverse process, and half of the vertebral body of L5 (ar-
rows) shows aneurysmal-like expansion with central radiopac-
ities. (B reprinted with permission from Greenspan A. Benign
bone-forming lesions. Skeletal Radiol 1993;22:494.)

A

B

tomas belong to this group. (d) Exceptionally rare, os-
teoblastoma is juxtacortical (periosteal) in location, as
described in 6 of 42 tumors reported by Schajowicz and
Lemos (44) and in 2 of 20 tumors reported by Lichten-
stein and Sawyer (31). These lesions generally lacked
perifocal bone sclerosis and in addition, a thin shell of
newly formed periosteal bone was noted covering the le-
sion (19,34,44) (Fig. 2-56; see also Fig. 2-10).

Conventional tomography, although nowadays
rarely used, may be valuable for determining the extent
of the tumor and whether and to what degree intrale-
sional bone formation has occurred. It is particularly
useful for spinal lesions, which may be difficult to inter-
pret on routine radiographs. Tomography may also
help gauge the size of the nidus, thus facilitating the
distinction from osteoid osteoma (Fig. 2-57).

Skeletal scintigraphy invariably demonstrates intense
focal accumulation of bone-seeking radiopharmaceu-
tical agents (Fig. 2-58). Angiography is infrequently
performed as part of the evaluation of osteoblastoma

because of its questionable importance as a preoperative
assessment tool (180).

CT, as in osteoid osteoma, is the most important im-
aging modality for facilitating the diagnosis of osteoblas-
toma and demonstrating its exact size and location
(174) (Fig. 2-59). In addition, areas of calcifications and
ossifications within the lesion (Fig. 2-60), as well as corti-
cal destruction and soft tissue extension, are well delin-
eated on CT sections (180). CT is particularly helpful in
working up lesions of the spine (159) (Fig. 2-61).

Very few reports on the usefulness of MRI in the di-
agnosis and evaluation of osteoblastoma can be found in
the literature (180). The strength of MRI would appear
to be similar to that of CT, namely, defining the extent
of bone and soft tissue involvement. Most osteoblas-
tomas demonstrate signal intensity patterns on MR scans
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Figure 2-56 Types of osteoblastoma: periosteal. Antero-
posterior radiograph shows a juxtacortical lesion of the
mandible.

Figure 2-55 Types of osteoblastoma: aggressive. Dorsovolar (A) and lateral (B) radiographs of the right hand show
aggressive osteoblastoma. Note the destruction of the entire fourth metacarpal with massive bone formation. Although very
similar in appearance to osteosarcoma, the lesion appears still to be contained by a shell of periosteal new bone.

A B

similar to those of the majority of bone neoplasms: spin-
echo T1-weighted images show a low to intermediate in-
tensity signal, whereas with T2-weighting signal intensity
is intermediate to high. More sclerotic lesions are of low
signal intensity on all pulse sequences (Fig. 2-62). MRI
effectively reveals peritumoral edema in the adjacent

marrow and in soft tissues. A recent report by Crim et al.
(165) of a 19-year-old man with osteoblastoma described
an unusual “flare phenomenon” that caused a mislead-
ing appearance on MR scans, simulating a malignant
process such as lymphoma or Ewing sarcoma. The
phenomenon represented a widespread inflammatory
response to the lesion that led to diffuse, reactive inflam-
matory infiltrates in two vertebrae, the adjacent ribs, and
the paraspinal soft tissues. It is noteworthy that only CT-
myelography was diagnostic in this case.

Histopathology

Osteoblastoma is marked by a very active new formation
of osteoid and immature bone trabeculae produced by
compact masses of large osteoblasts (44). Osteoid pro-
duction is generally greater in osteoblastoma than in os-
teoid osteoma, and the lesion is more vascularized (185)
(Fig. 2-63). Furthermore, osteoblastoma exhibits a less
organized pattern of osteoid and trabecular bone distri-
bution than the nidus of osteoid osteoma, which invari-
ably appears as a circumscribed, organized structure ma-
turing toward its periphery; in effect, the lesion of
osteoblastoma is at the same stage of development
throughout (44). Very rarely, cartilaginous matrix may

5480_Greenspan_Ch02p040-157.qxd  7/19/06  1:33 PM  Page 78



Figure 2-57 Osteoblastoma: conventional tomography. A: Radiograph of the right scapula shows a faint radiolucent focus
surrounded by a sclerotic area, accompanied by shaggy periosteal reaction at the axillary border. B: Conventional tomogram
clearly demonstrates a radiolucent nidus with a sclerotic center resembling an osteoid osteoma. However, the size of this le-
sion (3 cm � 3 cm) marks it as an osteoblastoma, the diagnosis proven by excisional biopsy.

Figure 2-58 Osteoblastoma: scintigraphy. Ra-
dionuclide bone scan, obtained after injection
of 15 mCi (555 MBq) 99mTc-labeled methyl
diphosphonate (MDP) in a 15-year-old girl with
osteoblastoma in the proximal humerus, re-
veals an increased uptake of tracer localized to
the site of the lesion.

Figure 2-59 Osteoblastoma: computed tomography (CT). A: Radiograph of the left shoulder shows a radiolucent lesion in
the sternal segment of the left clavicle in this 4-year-old girl. The exact location and the nature of this lesion are not clear. 
B: CT section reveals the location and size of the lesion. Central ossifications are typical for osteoblastoma, the diagnosis
confirmed on the histopathologic examination. (Courtesy of Dr. A. A. DeSmet, Madison, Wisconsin.)

A B

A B
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BA
Figure 2-61 Aggressive osteoblastoma. A: Anteroposterior radiograph of the lumbar spine shows a destructive lytic lesion
affecting the right half of the vertebral body of L3 and extending to the pedicle (arrows) in a 65-year-old man who presented
with insidious onset of pain in the lower back radiating to the right lower extremity. B: Computed tomography (CT) section
demonstrates focal areas of bone formation within the lesion and invasion of the cortex. Subsequent biopsy revealed an ag-
gressive osteoblastoma. (Courtesy of Dr. Ibrahim F. Abdelwahab, New York, New York. Reprinted with permission from
Greenspan A. Benign bone-forming lesions. Skeletal Radiol 1993;22:494.)

Figure 2-60 Osteoblastoma: computed tomography (CT). A: Lateral radiograph of the skull shows a well-defined lytic le-
sion in the frontal bone (arrows). B: CT section shows, in addition, a focus of bone formation within the lesion, typical of os-
teoblastoma.

be present (161). Occasionally, spindle-shaped hyper-
chromatic cells with uniform nuclei and irregular
eosinophilic cytoplasm may be interdispersed among
bony trabeculae (173). In contrast to most forms of os-
teosarcoma, osteoblastomas characteristically show vari-
able numbers of osteoclasts at the surfaces of the bone
trabeculae and seams of osteoblasts rimming the periph-
ery of the lesion (Figs. 2-64A–C). In addition, they do
not infiltrate or permeate the normal trabeculae at the
interface with the lesion, as occurs in osteosarcoma (34),
but usually are separated from them by a narrow but dis-
tinct layer of bone-free fibrous tissue. Some atypical os-
teoblastomas may, however, closely resemble an osteosar-
coma (Fig. 2-64D).

Some osteoblastomas contain “epithelioid” os-
teoblasts, twice the size of ordinary osteoblasts (171).
The cells are rounded and have large nuclei containing
one or more prominent nucleoli; their cytoplasm is
usually abundant. Bone trabeculae are wider and more
irregular than in conventional osteoblastoma, and ce-
ment lines are usually absent (179) (Fig. 2-65). These
variants have been denoted as “aggressive” osteoblas-
tomas. Della Rocca and Huvos (168) stated recently that
a clinically aggressive behavior of osteoblastomas is not
correlated with histologic qualities but with a localization
within the skeleton that is more difficult to approach
surgically. Schajowicz and Lemos (195) described eight
patients with “malignant” osteoblastoma whose tumors

A B
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Figure 2-62 Osteoblastoma: magnetic reso-
nance imaging (MRI). A: Radiograph of the left
proximal humerus (same patient as in Fig. 2-58)
shows a large, sclerotic lesion (arrow), diag-
nosed on biopsy as osteoblastoma. B: Axial spin-
echo, T1-weighted MRI demonstrates that the
low-intensity lesion is located posteriorly. The
cortex is destroyed and the tumor extends into
the soft tissues. C: Axial spin-echo, T2-weighted
MRI shows that the lesion remains of low signal
intensity, indicating osteoblastic matrix.

A

B

C

appear to be similar to “aggressive osteoblastoma.” They
noted on microscopic examination more frequent atypi-
cal mitoses and increased numbers of osteoclast-like gi-
ant cells. In addition, there were bone spicules of regular
shape (dark blue staining with hematoxylin), closely re-
sembling those observed in osteosarcoma. Another
pseudomalignant or pseudoanaplastic variant of os-
teoblastoma contains bizarre multinucleated cells com-
pletely devoid of mitotic activity (160,187,189).

Differential Diagnosis

Radiology

To distinguish osteoblastoma from osteoid osteoma can
be very difficult, if not impossible, on both radiologic
and histologic grounds. Some authorities believe that
because of its striking histologic similarity to osteoid os-
teoma, osteoblastoma represents a variant of clinical
expression of the same pathologic process. Both lesions
are considered separate entities, however, because their
clinical manifestations and skeletal distribution are
distinct: osteoid osteoma is invariably accompanied 
by nocturnal pain promptly relieved by salicylates,
whereas osteoblastoma is larger than osteoid osteoma

and has a predilection for the axial skeleton. In addi-
tion, osteoid osteoma has a tendency to regress sponta-
neously, whereas osteoblastoma tends to progress and
(although this is still a controversial speculation of
some investigators) may undergo malignant transfor-
mation. The most useful differential factor is the size of
a lesion: osteoblastoma usually measures 2 cm or more.

The differential diagnosis of osteoblastoma should
also include bone abscess (Brodie abscess), aneurysmal bone
cyst, and osteosarcoma. The same criteria distinguishing a
bone abscess from osteoid osteoma apply in relation to
osteoblastoma (see “Differential Diagnosis” under “Os-
teoid Osteoma”). The key to making the distinction is
usually the serpentine track in bone abscess that extends
toward the growth plate (see Fig. 2-45). At times the dis-
tinction between these two lesions may be difficult (Fig.
2-66A). Osteoblastoma located in a short tubular bone
may be misdiagnosed as enchondroma (Fig. 2-66B, C). Ex-
pansive osteoblastoma, particularly in spinal location, on
radiography may occasionally mimic an aneurysmal bone
cyst (see Fig. 2-54) or a giant cell tumor.

Aggressive osteoblastoma should be differentiated
from osteosarcoma (162) (see Fig. 2-55). Cross-sectional
imaging modalities such as CT and MRI are helpful in

5480_Greenspan_Ch02p040-157.qxd  7/19/06  1:33 PM  Page 81



82 — Differential Diagnosis in Orthopaedic Oncology

Figure 2-63 Histopathology of osteoblastoma. A: Low-
power photomicrograph shows irregular trabeculae of wo-
ven bone (osteoid) surrounded by densely arranged os-
teoblasts. Observe the sharp demarcation of the lesion from
the adjacent tissue (hematoxylin and eosin, original magnifi-
cation �50). B: At higher magnification, the dense os-
teoblastic rimming of the trabeculae is conspicuous. Some
osteoclasts are also present (hematoxylin and eosin, original
magnification �200). C: In another part of this tumor irreg-
ular trabeculae of woven bone are bordered by osteoclasts
and lined by dilated vascular spaces (hematoxylin and eosin,
original magnification �200). D: Some osteoblastomas may
contain plate-like osteoid with small osteoblastic cells
(hematoxylin and eosin, original magnification �200). E:
High-power photomicrograph reveals osteoblasts and osteo-
clasts on the surface of the immature small trabeculae
(hematoxylin and eosin, original magnification �400).
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Figure 2-64 Histopathology of osteoblastoma. A: Densely arranged small trabeculae made up of woven bone are
surrounded by osteoblasts. In the narrow marrow spaces, some capillaries and giant cells of the osteoclast type are seen.
These features, together with very regular appearing bone formation, militate against the diagnosis of osteosarcoma (hema-
toxylin and eosin, original magnification �25). B: Osteoblastoma shows woven bone formation in plates rimmed with
densely arranged osteoblasts and giant cells of the osteoclast type (hematoxylin and eosin, original magnification �400). C:
At high magnification, the uniform-appearing osteoblasts line the newly formed trabeculae (hematoxylin and eosin, original
magnification �400). D: Atypical osteoblastoma with crowded, large epithelioid stromal cells and irregular foci of woven
bone formation resembles an osteosarcoma (hematoxylin and eosin, original magnification �400).
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making the distinction by demonstrating the soft tissue
component of osteosarcoma.

Intracortical osteosarcoma, because it may have a benign
radiographic appearance, can mimic periosteal and in-
tracortical osteoblastoma (188). The principal means for
distinguishing these entities are histologic.

Pathology

Osteoblastoma may be confused with osteoid osteoma, un-
less clinical and radiologic factors are considered. Al-
though the nidus of osteoid osteoma is quite similar to
that of osteoblastoma, some authorities postulate that
there are minor microscopic differences (191,196): at
the periphery of a nidus of osteoid osteoma a fibrovas-
cular rim is often present, a feature only occasionally

encountered in osteoblastoma. The latter tumor, on the
other hand, often has a lobulated or multifocal outer
margin (13). Moreover, the nidus of an osteoid osteoma
often exhibits a distinct zonal pattern with central
maturation to more mineralized woven bone.

Aneurysmal bone cyst can be easily distinguished from
osteoblastoma. The former lesion consists of multiple
blood-filled sinusoid spaces alternating with more solid
areas. The solid tissue is composed of fibrous elements
containing numerous giant cells and is richly vascular.
The sinusoids have fibrous walls, often containing os-
teoid tissue or even lamellae of mature bone, though
not in quantities seen in osteoblastoma (see Figs. 7-41
to 7-43). Furthermore, unlike in osteoblastoma, focal
or diffuse collections of hemosiderin or reactive foam
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A B

Figure 2-65 Histopathology of “aggressive” osteoblas-
toma. A: Aggregates of large osteoblasts are producing os-
teoid and irregular bone trabeculae accompanied by dilated
capillaries (hematoxylin and eosin, original magnification
�200). B: Large epithelioid-like osteoblasts with brightened
paranuclear Golgi fields surround an unorganized osteoid
matrix (hematoxylin and eosin, original magnification
�400). C: In another area, foci of osteoid (red) are bordered
by large epithelioid osteoblastic tumor cells (van Gieson,
original magnification �400).

C

cells may be seen in the fibrous septa of aneurysmal
bone cyst (194,197).

Giant cell tumor characteristically demonstrates related
dual populations of giant cells and mononuclear stromal
cells. Giant cells are evenly distributed within the inter-
vening spindle-celled stromal tissue. Osteoid and bone
formation may occasionally occur but only in small
amounts, never dominating the microscopic picture.

Diagnosis of osteosarcoma should always be the differ-
ential possibility. Histopathologic examination can
make the distinction (see “Histopathology”). Although
in osteoblastoma a certain number of mitotic figures
may be found, the lack of areas of necrosis and lack of
cellular pleomorphism helps to distinguish this lesion
from osteosarcoma (43).

Intracortical osteosarcoma exhibits distinctive charac-
teristics (83,123). According to Mirra et al. (188), the
following histopathologic features are critical for diag-
nosis of intracortical osteosarcoma: (a) permeation of
the Haversian systems with attenuation and trapping of
cortical lamellar bone, (b) atypical mitoses or anapla-
sia, and (c) presence of tumor cartilage.

In the jaw, cementoblastoma can be distinguished from
osteoblastoma by its intimate contact to the root of a

(molar) tooth that always is surrounded by lesional
tissue (198).

The radiologic and pathologic differential diagno-
sis of osteoblastoma is depicted in Figure 2-67 and
Table 2-3.

Malignant Tumors

Osteosarcomas

Osteosarcomas comprise a family of connective tissue
tumors with various degrees of malignant potential. All
these tumors share the characteristic ability to produce
bone or osteoid directly from neoplastic cells (392).
Osteosarcomas constitute about 20% of all primary
bone malignancies (214,335). The collection of large
series of osteosarcomas has led to the identification of
an increasing number of subtypes (431).

Almost all osteosarcomas harbor complex cytoge-
netic and molecular genetic alterations (229,342,
374,375). However, no specific finding has emerged
that might be used as a molecular or cytogenetic
marker for the diagnosis of osteosarcoma (390). As ex-
tensively discussed by Sandberg and Bridge, conven-

5480_Greenspan_Ch02p040-157.qxd  7/19/06  1:33 PM  Page 84



CHAPTER 2 Bone-Forming (Osteogenic) Lesions — 85

Figure 2-66 A: Bone abscess. Focus of infection in the proximal shaft of the fourth metatarsal in a 16-year-old boy was
originally diagnosed as osteoblastoma. B, C: Enchondroma-like osteoblastoma. In another patient, dorsovolar and lateral
radiographs of the small finger reveal a radiolucent lesion with scalloped borders in the middle phalanx, resembling an en-
chondroma. Small radiopacities in the center represent bone formation rather than chondroid matrix. The lesion proved to be
an osteoblastoma.

A B, C

Figure 2-67 Radiologic and patho-
logic differential diagnosis of os-
teoblastoma.
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tional osteosarcomas reveal complex, unbalanced cyto-
genetic alterations, with pronounced variations in chro-
mosome number and/or form, very often within the
same tumor. Structural abnormalities are most often
found in genes 1p11–p13, 1q11–q12, 1q21–q22,
11p14–p15, 14p11–p13, 15p11–p13, 17p, and 19q13
(229). Loss of chromosomes 9, 10, 13, and 17 and gain
of chromosome 1 are the most common abnormalities
(390). Interphase fluorescent in situ hybridization
(FISH) studies demonstrated chromosomal instability
as a characteristic finding in osteosarcomas (obviously
related to defects in chromosomal segregation mecha-
nisms and TP53 alterations) that may be responsible
for this tumor’s extreme aneuploidy (208).

Inactivation of tumor suppressor genes and overex-
pression of oncogenes are present in many osteosarco-

mas (e.g., RB1, TP53, INK4A, CDK4, MDM2, CCND1/Cy-
clinD1) and lead to functional impairment of the cell cy-
cle by affecting both the retinoblastoma (RB1) and/or
the TP53 pathway. Other activated or overexpressed
oncogenes not related to RB1 or TP53 pathways are FOS,
MYC, MET, SAS, and ERBB2 [for details see reference
(390)]. Genetic alterations may also contribute to drug
resistance, especially to methotrexate, by influencing the
drug’s uptake or target (324).

Recent retrospective studies on mechanisms of telom-
ere maintenance [i.e., lengthening of the repetitive end
sequences of linear chromosomes—telomeres—by en-
zyme activity of telomerase (TA)] or by other mecha-
nisms in the absence of TA, so-called alternative length-
ening of telomeres (ALT) have provided evidence for a
better prognosis of TA- and ALT-negative cases

Table 2-3 Differential Diagnosis of Osteoblastoma

Condition (Lesions) Radiologic Features Pathologic Features

Cortical and medullary Radiolucent lesion, spherical or oval, Active formation of osteoid and
osteoid osteoma–like with well-defined margins. Frequent immature bone trabeculae. Less
osteoblastoma (giant perilesional sclerosis. Abundant organized pattern of osteoid and
osteoid osteoma) periosteal reaction. Size of the nidus reticular bone distribution than seen

�2 cm. in osteoid osteoma. Hypertrophic

Aneurysmal bone cyst–like Blow-out lesion, similar to aneurysmal
osteoblasts. Increased vascularity in

expansive osteoblastoma bone cysts, but with central opacities.
the stroma. Occasionally spindle-
shaped hyperchromatic cells with
uniform nuclei and irregular
eosinophilic cytoplasm interdispersed
among bony trabeculae. Variable
number of giant cells on the surface
of bone trabeculae.

Aggressive osteoblastoma Ill-defined borders, destruction of the Large, “epithelioid” osteoblasts.
(simulating malignant cortex; aggressive-looking periosteal Rounded cells with large nuclei
neoplasm) reaction; occasionally soft tissue containing one or more prominent

extension. nucleoli; abundant cytoplasm. Bone
trabeculae wider and more irregular
than in other types of osteoblasma.
Cement lines usually absent. Atypical
mitoses. Bone spicules staining dark
blue with hematoxylin-eosin.

Periosteal osteoblastoma Round or ovoid heterogenous in density Trabeculae of woven bone, numerous
mass attached to cortex. dilated capillaries, exuberant in

number of osteoblasts, osteoclasts, 
and occasionally fibroblasts.

Osteoid osteoma See Table 2-2. See Table 2-2.

Aneurysmal bone cyst Blow-out, expansive lesion. In long Multiple blood-filled sinusoid spaces
bone buttress of periosteal reaction. separated by fibrous septae
This shell of reactive bone frequently displaying lamellae of primitive
covers the lesion, but may be absent woven bone; may contain
in rapidly growing lesions. Soft tissue hemosiderin and reactive foam cells;
extension may be present. solid areas composed of fibrous

elements containing irregular bone
trabeculae and giant cells, sometimes
in great numbers.

Osteosarcoma Permeative or moth-eaten bone Permeation of cortical bone;
destruction; wide zone of transition; attenuation and “trapping” of
tumor-bone in form of cloud-like lamellar bone; atypical mitoses or
opacities; aggressive periosteal anaplasia; hyperchromatism and
reaction; soft tissue mass. pleomorphism of cells and nuclei;

tumor bone and tumor cartilage
formed by malignant cells.
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(391,429). However, because TA is also present in be-
nign bone-forming tumors, it cannot be used as a
marker for osteosarcoma (313).

The etiology of the vast majority of osteosarcomas is
unknown, and they are therefore considered to be idio-
pathic or primary. A smaller number of tumors can be
related to known factors that predispose to malignancy,
such as Paget disease of bone, bone infarct, fibrous
dysplasia, external ionizing irradiation, and ingestion
of radioactive substances. These lesions are classified as
secondary osteosarcomas (244).

All types of osteosarcomas can also be subclassified,
according to their anatomic site, as either axial or ap-
pendicular (202,316). They can be further classified,
on the basis of their location in bone, as intraosseous,
intracortical, or surface (juxtacortical). A separate and
very small group consists of primary osteosarcomas that
originate in the soft tissues (so-called extraskeletal or
soft tissue osteosarcomas). In general, intraosseous os-
teosarcomas are much more common than juxtacorti-
cal tumors and tend to have a higher grade of malig-
nancy (276,277).

On the basis of clinical, radiographic, and histopatho-
logic data, the World Health Organization (WHO) cate-
gorizes osteosarcomas as follows: conventional (further
subdivided according to the predominantly produced
matrix as chondroblastic, fibroblastic, or osteoblastic)
and unusual forms that do not exhibit a different
biological behavior but histologically may imitate other
bone tumors, e.g., malignant fibrous histiocytoma
(MFH)–like or giant cell–rich osteosarcomas, telan-
giectatic, small cell, low-grade central, secondary,
parosteal, periosteal, and high-grade surface osteosar-
coma (15) (Table 2-4). For differential diagnosis, how-
ever, it appears appropriate to use a modified classifica-
tion scheme that takes into account etiology (primary

and secondary), localization and bone-specific topogra-
phy (intraosseous, intracortical, surface, and soft tissue),
and histology according to WHO (Fig. 2-68).

Clinical Presentation

The clinical presentation varies from case to case and is
largely dependent on the type of osteosarcoma, its
anatomic site, and the age of the patient (316). Pain and
development of a soft tissue swelling or mass are the
most common presenting symptoms (265,338). Rarely, a
pathologic fracture is the first sign of malignancy (345).
At first the pain may be slight and intermittent, but grad-
ually it becomes more severe and constant (233). In
juxtacortical tumors, the presence of a hard, slowly en-
larging, painless mass is the most common clinical find-
ing. Although pulmonary metastases (frequently present
as micrometastases at the time of diagnosis) are the most
usual and most significant complication in the majority
of high-grade osteosarcomas, they are rare in osteosarco-
mas of the jaw and are a late complication in multicen-
tric osteosarcomas. Osteosarcoma metastasizing to skele-
tal muscle is exceedingly rare (369).

Imaging

For diagnostic purposes, conventional radiography
usually provides adequate information. The findings of
bone destruction associated with sclerotic foci of tumor
bone formation, an aggressive (sunburst-type, lamel-
lated, or Codman triangle) periosteal reaction, and a
soft tissue mass are highly suggestive of osteosarcoma.
Conventional tomography, although presently rarely
performed, may aid in delineating the osseous matrix
and cortical destruction and in detection of occult
pathologic fracture. Arteriography is usually reserved
for mapping of the tumor and its vascular supply, and
for identification of the area most suitable for an open
biopsy, although recently this technique has been re-
placed by MR angiography (MRA). Radionuclide bone
scan can assist in diagnosis of intraosseous metastases
and skip lesions. CT and MRI are crucial for determin-
ing the intraosseous and extraosseous extension of a tu-
mor (227,400,416,464). PET imaging of osteosarcoma
is not yet widely accepted, although it appears to be a
promising technique (228).

Histopathology

Like the imaging findings, the histopathologic features
of osteosarcoma vary according to the particular sub-
type. However, a common characteristic of all subtypes
is the presence of tumor osteoid or tumor bone formed
by the malignant cells.

Identification of osteoid relies on histomorphology.
Although attempts have been made to define osteoid
by biochemical or immunohistochemical means, ac-
cepted criteria are not yet established (398). On mi-
croscopy, osteoid is located intercellularly as a dense
amorphous material, eosinophilic in hematoxylin and
eosin (H&E) and fuchsinophilic in van Gieson stain. It
must be differentiated from collagen, fibrin, and amy-
loid. Identification is sometimes extremely difficult or
even arbitrary. The mode of deposition may be of help,

Table 2-4 Classification of Osteosarcomas 
According to World Health Organization
(WHO) (2002)

Conventional osteosarcoma (OS)
Chondroblastic
Fibroblastic
Osteoblastic
Unusual histologic forms:

Sclerosing OS
OS resembling osteoblastoma
Chondromyxoid fibroma–like OS
Chondroblastoma-like OS
Clear-cell OS
MFH-like OS
Giant cell-rich OS
Epithelioid OS

Telangiectatic OS
Small cell OS
Low-grade central OS
Secondary OS
Parosteal OS
Periosteal OS
High-grade surface OS
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because osteoid is laid down afibrillarly and curvilin-
early with ramifications and bud-like densities. It may
also be deposited on normal bone trabeculae.

Osteosarcomas can be graded on the basis of their
cellularity, cytologic atypia (nuclear pleomorphism),
and mitotic activity. Grading has clinical, therapeutic,
and prognostic importance (242,416). Three different
grading systems comprising four grades, three grades,
or two grades (low and high grade) are presently in use
(Table 2-5). In Broders’ four-grade system (230), the
numerical grade (1 to 4) indicates the degree of malig-
nancy (grade 1 indicating the least undifferentiated tu-
mor with extensive formation of tumor bone and grade
4 the most undifferentiated tumor with only sparse
amount of tumor osteoid) (Table 2-6). In the three-
grade system, well differentiated (grade 1, correspon-

ding to Broders’ grade 1 and 2), moderately differenti-
ated (grade 2, corresponding to Broders’ grade 3), and
poorly differentiated tumors (grade 3, corresponding
to Broders’ grade 4) are separated, whereas the two-

Intracortical

Osteoblastic Fibroblastic

Metachronous

Epithelioid

Radiation-induced

Unusual clinical
presentation (syndromes)

Surface (juxtacortical)

Soft tissue (extraskeletal)

Malignant transformation 
of benign conditions

Arising in dedifferentiated
chondrosarcoma

Chondroblastic

Synchronous

Gnathic

MFH-like

Small cell

Giant cell-rich

Telangiectatic

Conventional
(intramedullary)

Low-grade central

Multicentric (multifocal)

OSTEOSARCOMAS

Primary

Secondary

Rothmund-
Thomson
syndrome

Werner
syndrome

Li-Fraumeni
syndrome

Retino-
blastoma
syndrome

Bloom
syndrome

Parosteal
Dedifferentiated

parosteal
Periosteal

High-grade
surface

Arising in
pagetic bone

Arising in
fibrous dysplasia

Arising in
bone infarct

In the bone
In the 

soft tissue

Figure 2-68 Classification of osteosarcomas. MFH, malignant fibrous histiocytoma.

Table 2-5 Grading of Osteosarcomas

Four-Grade
Two-Grade Three-Grade System
System System (Broders’)

Low grade Grade 1 Grade 1
Grade 2

High grade Grade 2 Grade 3
Grade 3 Grade 4
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grade system merely discriminates between low- (grade
1 or Broders’ grade 1 and 2) and high-grade lesions
(grade 2 and 3 or Broders’ grade 3 and 4) (see Table 2-
5). For example, well-differentiated central osteosarco-
mas and parosteal osteosarcomas are regarded as
Broders’ grade 1, rarely grade 2 tumors; periosteal os-
teosarcomas and gnathic osteosarcomas as Broders’
grade 2, rarely grade 3; and conventional osteosarco-
mas as grade 3 or 4. Telangiectatic osteosarcomas, os-
teosarcomas developing in pagetic bone, postirradia-
tion osteosarcomas, and multifocal osteosarcomas are
usually Broders’ grade 4 tumors. Almost 90% of all os-
teosarcomas are high-grade lesions.

Primary Osteosarcomas

A. Intraosseous Osteosarcomas

Intramedullary (Conventional) Osteosarcoma

Intramedullary osteosarcoma is the most common type
of osteosarcoma, constituting approximately 85% of all
forms of osteosarcoma (349,379). Formation of osteoid
or bone by tumor cells is the criterion for the histologic
diagnosis (241). The incidence of medullary osteosar-
coma is greatest during the second decade of life, and
males are affected slightly more often than females. The
knee (distal femur, proximal tibia) is the most com-
monly affected site, followed by the proximal humerus
(243) (Fig. 2-69). The metaphysis is more frequently af-
fected than the diaphysis, and the growth plate usually
serves as a barrier to tumor spread into the epiphysis, al-
though invasion of the physis and involvement of the
epiphysis and the joint have been reported (359,407).
Primary osteosarcoma of the spine is rare (299). The
most common complications of conventional osteosar-

Table 2-6 Histologic Grading of Osteosarcomaa

Grade Histologic Features

1 Cellularity: slightly increased
Cytologic atypia: minimal to slight
Mitotic activity: low
Osteoid matrix: regular

2 Cellularity: moderate
Cytologic atypia: mild to moderate
Mitotic activity: low to moderate
Osteoid matrix: regular

3 Cellularity: increased
Cytologic atypia: moderate to marked
Mitotic activity: moderate to high
Osteoid matrix: irregular

4 Cellularity: markedly increased
Cytologic atypia: markedly pleomorphic

cells
Mitotic activity: high
Osteoid matrix: irregular, abundant

a According to Unni KK, Dahlin DC. Grading of bone tumors.
Semin Diagn Pathol 1984;1:165–172.

Conventional Osteosarcoma

age: 10-20
M > F

common sites

less common sites

–

Figure 2-69 Conventional osteosarcoma: skeletal sites of
predilection, peak age range, and male-to-female ratio.
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comas are pathologic fracture and development of pul-
monary metastases.

Imaging

The distinctive radiologic features of conventional os-
teosarcoma, as demonstrated by radiography, are
medullary and cortical bone destruction, an aggressive
periosteal reaction, a soft tissue mass, and the presence
of tumor bone either within the destructive lesion or on
its periphery, as well as within the soft tissue mass itself,
often assuming a spiculated or sunburst pattern
(244,321) (Fig. 2-70). In some instances the type of bone
destruction is not so obvious (249,385), but patchy
densities, representing tumor bone, and an aggressive
periosteal reaction provide clues to the diagnosis (Fig. 
2-71). The degree of radiopacity in the tumor reflects a
combination of the amount of tumor bone production,
calcified matrix, and osteoid. Tumors may present as
purely sclerotic lesions or purely osteolytic lesions (248),
but mostly a combination of both (Fig. 2-72). The bor-
ders are usually indistinct, with a wide zone of transition.
The type of bone destruction is either moth-eaten or
permeative, only rarely geographic. The most common
periosteal reactions observed with this tumor are the
sunburst type and the Codman triangle; the lamellated
(onion-skin) type of periosteal response is less common

A B
Figure 2-70 Conventional osteosarcoma. Anteroposterior (A) and lateral (B) radiographs demonstrate the typical features
of this tumor in the distal femur of a 19-year-old woman. Medullary and cortical bone destruction is present, in association
with aggressive periosteal reaction of the velvet and sunburst types. A soft tissue mass contains tumor bone.

(Fig. 2-73). The presence of a soft tissue mass, which may
contain sclerotic foci (tumor bone formation), is a
common finding (Fig. 2-74).

CT is invaluable for evaluation of these tumors
(397), particularly for determining the degree of tu-
mor extension in the bone marrow. CT using
Hounsfield units can accurately determine the attenua-
tion coefficient of the medullary cavity (Fig. 2-75). The
normal bone marrow has a fat density of �20 to �80
Hounsfield units. With tumor infiltration, this density is
significantly increased (275).

MRI is equally if not more effective for evaluating in-
traosseous tumor extension and soft tissue involvement
(227,364,388,438,442). On T1-weighted spin-echo im-
ages, the mineralized components of osteosarcoma dis-
play a low signal intensity, whereas the solid, nonminer-
alized portions of the tumor usually appear as areas of
low to intermediate signal intensity. On T2-weighted
spin-echo images and T2* gradient sequences, the min-
eralized portions of tumor display a low signal intensity,
and nonmineralized areas and soft tissue mass are of
high signal intensity (Figs. 2-76 and 2-77). Osteoscle-
rotic tumors demonstrate a low signal intensity on both
T1- and T2-weighted sequences (225). MRI may also ef-
fectively demonstrate the peritumoral edema, which
will image as bright areas adjacent to the tumor on T2-
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Figure 2-71 Conventional osteosarcoma. Although no
gross bone destruction is evident in the distal femur of this
16-year-old girl, the patchy densities in the medullary portion
of the femur and the sunburst appearance of the periosteal re-
sponse are clues to the diagnosis of osteosarcoma. Note also
the presence of a Codman triangle (arrow).

or T2*-weighted sequences. In addition to staging both
the extraosseous and intraosseous extent of the tumor,
MRI can aid in the identification of various components
within the tumor, such as cellular areas, and regions of
necrosis and liquefaction. Cartilaginous components
are particularly easy to identify by virtue of the septum-
like enhancement seen on gadolinium-enhanced MR
images (223,268).

Arteriography is rarely used, as it is primarily re-
served for mapping of the vascular supply of the tumor,
and sometimes for the identification of the areas most
desirable for biopsy (Fig. 2-78). Scintigraphy will invari-
ably show an increased uptake of the radiopharmaceu-
tical tracer (Fig. 2-79). In addition, as indicated previ-
ously, radionuclide bone scan can assist in the
identification of intraosseous metastases (Fig. 2-80).

Histopathology

On the basis of the dominant histologic features,
conventional osteosarcoma can be subdivided into three
main histologic subtypes: osteoblastic, chondroblastic,
and fibroblastic (Fig. 2-81). As stated previously, each of
these is characterized by the formation of osteoid tissue
or bone by the neoplastic cells. The specific appearance
of osteosarcoma reflects its histologic grade. Microscopic

examination usually reveals highly pleomorphic spindle-
shaped and polyhedral tumor cells, producing different
forms of osteoid (Fig. 2-82). Mitotic figures are com-
monly seen. Malignant giant cells may occasionally be
found. Bone matrix formation may be subtle, displaying
sporadic wisps in a lace-like pattern resembling a doily or
a lotus root (277). The matrix sometimes takes the form
of bulky deposits, which have been described as massive
osteoid. Necrotic areas and hemorrhage may be present.
The intercellular material may be fibrous, cartilaginous,
osteoid, or osseous, with various amounts of calcification
(349). If osteoid deposition is plentiful, the tumor cells
and their nuclei may become inconspicuous, a process
referred to by Jaffe as normalization (303). In some in-
stances, the tumor cells are so undifferentiated that
cytologic study fails to clearly determine if they are mes-
enchymal or epithelial in origin, a variant of conven-
tional osteosarcoma sometimes referred to as epithelioid
osteosarcoma (246,318,431) (Fig. 2-83). This appear-
ance may lead to an incorrect diagnosis of metastatic car-
cinoma. The diagnosis in such cases can usually be de-
duced on the basis of the patient’s age, the production
of obvious osteoblastic tumor matrix, the immunohisto-
chemical demonstration of the mesenchymal character
of the tumor cells, and a radiographic appearance typi-
cal of osteosarcoma (277). Occasionally, conventional
osteosarcoma may exhibit large numbers of cytologically
bland, reactive stromal giant cells that may obscure the
underlying sarcomatous stroma (13). This variant is
known as giant cell–rich osteosarcoma (see later).

Malignant Fibrous Histiocytoma–like 
(Fibrohistiocytic) Osteosarcoma

This variant, which resembles MFH, has recently been
described in the literature (216). Although only small
series have been published thus far (216,284,310,
354,462), the MFH-like (or fibrohistiocytic) subtype
comprises 3% to 23% of all osteosarcomas (296,345).
This variant can sometimes be confused with true MFH
of bone because both of these tumors tend to arise at
an older age than conventional osteosarcoma, usually
after the third decade. Both tend to involve the articu-
lar ends of long bones, and less periosteal reaction is
typically present than in conventional osteosarcoma.
Although on radiography both of these lesions tend to
be radiolucent and therefore to resemble giant cell tu-
mor and fibrosarcoma, the MFH-like osteosarcoma usu-
ally exhibits areas of bone formation resembling cotton
balls or cumulus clouds, whereas MFH does not (245).

In a recent study of osteosarcomas in patients older
than age 40, Kawaguchi et al. (310) demonstrated im-
munoreactivity for the p53 gene in one of eight MFH-
like subtypes, which also showed a missense mutation
of p53, whereas MDM2 was negative, in contrast to con-
ventional osteoblastic osteosarcomas (5/15 and 3/15)
and MFH of bone (8/18 each). In addition, the latter
were associated with mutations of p53 in four cases
each. When such areas are identified on radiologic
studies, a diligent search should be made for tumor
bone in the resected specimen (316). Histologically,
MFH-like osteosarcoma is characterized by pleomor-

Text continues on page 99
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CB

A1 A2

Figure 2-72 Various presentations of osteosarcoma. A: Purely sclerotic osteosarcoma. Anteroposterior (A1) and lateral
(A2) radiographs show sclerotic variant of osteosarcoma in the proximal tibia. B: Purely lytic osteosarcoma. An anteroposte-
rior radiograph shows destructive lesion in the distal humerus, which proved to be a fibroblastic osteosarcoma. C: Mixed os-
teosarcoma. Areas of bone formation are present within a destructive lesion in the distal femur.
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A2A1
Figure 2-73 Types of periosteal reaction in osteosarcoma. A1, A2: The sunburst type is the most common (continued).
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Figure 2-73 Continued B: A typical
Codman triangle (arrow) in osteosarcoma
of the distal femur. C: The onion-skin or
lamellated type of periosteal reaction
(arrows). D: A combination of lamellated
(arrows) and sunburst (open arrow) pe-
riosteal reaction.

B

C

D
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Figure 2-74 Conventional osteosarcoma. A soft tissue
mass containing tumor bone is a common finding in
osteosarcoma, as seen in this 20-year-old man with a lesion
in the right proximal fibula.

Figure 2-75 Conventional osteosarcoma: computed
tomography (CT). A: Anteroposterior radiograph of the
left proximal femur of a 12-year-old boy demonstrates
an osteolytic lesion in the intertrochanteric region, with
a poorly defined margin and amorphous densities in the
center, associated with a periosteal reaction medially.
These features suggest osteosarcoma, which was
confirmed on biopsy. Because a limb salvage procedure
was contemplated, a CT scan was performed to deter-
mine the extent of marrow infiltration and the required
level of bone resection. The most proximal section
(B) shows obvious gross tumor involvement of the
marrow cavity of the left femur (continued). 

A B
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Figure 2-75 Continued A more distal section
(C) shows no gross marrow abnormality, but a
positive Hounsfield value of 52 units indicates
tumor involvement of the marrow, which was
not shown on the standard radiographs. By
comparison, the section of the right femur
shows a normal Hounsfield value of 26 for bone
marrow.

Figure 2-76 Conventional osteosarcoma:
magnetic resonance imaging (MRI).
Coronal (A1) and sagittal (A2) spin-echo,
T1-weighted MRI (TR 800, TE 20) in this
17-year-old boy with osteosarcoma of the
left proximal tibia shows inhomogeneous
appearance of a tumor. The mineralized
parts of osteosarcoma display low signal
intensity, whereas nonmineralized areas
are of intermediate signal intensity. B: On
spin-echo, T2-weighted MRI (TR 2000, TE
80), the sclerotic parts of the tumor re-
main of low signal intensity, whereas a
nonmineralized part of the lesion (distally)
shows high signal intensity. Likewise, the
soft tissue extension of osteosarcoma dis-
plays high signal intensity.

C

A1

B

A2
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A1 A2

B2
Figure 2-77 Conventional osteosarcoma: magnetic resonance imaging (MRI). Coronal (A1) and sagittal (A2) spin-echo,
T1-weighted MRI (TR 800, TE 20) in a 29-year-old man with osteosarcoma of midshaft of the left femur shows a tumor
displaying predominantly low signal intensity. Coronal (B1) and sagittal (B2) T1-weighted (TR 650, TE 19) MR images ob-
tained after intravenous injection of gadolinium (gadopentetate dimeglumine), using the fat suppression technique, show tu-
mor enhancement in the medullary portion of bone and in the soft tissues. Heavily mineralized portions of tumor remain of
low signal intensity.
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Figure 2-79 Conventional osteosarcoma:
scintigraphy. A: Anteroposterior radiograph
shows a sclerotic variant of conventional os-
teosarcoma in the proximal tibia. B: After injec-
tion of 15 mCi (555 MBq) of 99mTc-labeled
methylene diphosphonate (MDP), there is sig-
nificantly increased uptake of the tracer in the
tumor.

Figure 2-78 Conventional osteosarcoma: angiography.
Arteriography reveals increased vascularity of a tumor involv-
ing the left tibial metaphysis. Also noted are abnormal tu-
mor vessels in the soft tissue mass. Biopsy is usually per-
formed from the most viable (vascular) areas.

A B
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phic spindle cells and giant cells, many with bizarre nu-
clei. This lesion therefore resembles giant cell–rich os-
teosarcoma. An inflammatory background is not un-
usual, and the storiform or spiral nebular arrangement
characteristic of MFH, although sometimes a dominant
feature, may be less prominent or may be replaced by
areas of large pleomorphic cells arranged in diffuse
sheets (216). As in all other subtypes of osteosarcoma,
the distinction from other sarcomas depends on the
demonstration of osteoid or bone formation by malig-
nant cells in the very typical patterns seen in osteosar-
comas (245,297,383,453).

Giant Cell–Rich Osteosarcoma

This is a rare variant of osteosarcoma, which appears
as an undifferentiated sarcoma with an overabun-
dance of osteoclasts (giant cells) and a paucity of
tumor osteoid or tumor bone. It composes approxi-
mately 3% of all osteosarcomas and histologically is re-
lated to telangiectatic osteosarcoma and MFH-like os-
teosarcoma. Many of the classical radiologic features
of osteosarcoma are absent, and differentiation from
a benign lesion is sometimes difficult (219). In most
cases the lytic lesion shows poorly defined borders.
The typical location is the metaphysis or diaphysis of a
long bone, usually the tibia or femur. A periosteal
reaction is absent or scant, and a soft tissue mass is
usually not present. The lesion has a striking histo-

logic resemblance to giant cell tumor (Fig. 2-84). Tu-
mor osteoid is usually scant and is therefore difficult
to identify.

Small Cell Osteosarcoma

Originally described by Sim et al. (406), small cell os-
teosarcoma accounts for approximately 1.5% of all os-
teosarcomas. This subtype usually presents as a lucent
lesion exhibiting permeative borders and a large soft
tissue mass. Its appearance therefore mimics round cell
tumors of bone, such as Ewing sarcoma. In some in-
stances, small cell osteosarcoma presents as a sclerotic
lesion that is indistinguishable from conventional os-
teosarcoma (256). The majority of cases display an ag-
gressive periosteal reaction (221). The distal femur,
proximal humerus, and proximal tibia are preferential
sites (215). Almost half of the patients are in their
second decade at the time of clinical presentation
(223,355).

On histopathologic study, these lesions usually
exhibit loose aggregations of small round cells sepa-
rated by collagenous bands of a fine eosinophilic ma-
trix that resembles Ewing sarcoma (254) (Fig. 2-85). To
blur the distinction further, this tumor may also exhibit
a positive staining for glycogen, as described for Ewing
sarcoma. However, reticulin fibers that are almost al-
ways absent or extremely rare in Ewing sarcoma
have been demonstrated in small cell osteosarcoma

Figure 2-80 Conventional osteosarcoma of the proximal humerus with intraosseous metastases (“skip lesions”). A:
Scintigraphy shows markedly increased uptake of the radiopharmaceutical agent in the proximal humerus, corresponding to
the primary tumor. In addition, two small foci of activity are seen distal to the main lesion (arrows). This finding, representing
skip lesions (arrows), was confirmed by radiography (B) and magnetic resonance imaging (C).

A, B C
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Figure 2-81 Histologic subtypes of osteosarcoma. A: Osteoblastic. Irregular woven bone trabeculae are rimmed by
pleomorphic tumor osteoblasts with hyperchromatic nuclei (hematoxylin and eosin, original magnification �100). 
B: Chondroblastic. The tumor consists mainly of cartilaginous tissue, with only scanty islands of tumor-osteoid (lower right)
(hematoxylin and eosin, original magnification �50). C: Fibroblastic. (C1) Predominantly spindle fibroblast-like tumor cells
with deeply stained nuclei are arranged in sheaths (hematoxylin and eosin, original magnification �200). (C2) In another
field, malignant cells produce osteoid adjacent to remnants of bone trabeculum (hematoxylin and eosin, original magnifica-
tion �200).

C1 C2

Figure 2-82 Histopathology of conventional osteosarcoma.
Markedly pleomorphic tumor cells are separated by lace-like
osteoid (hematoxylin and eosin, original magnification �400).

A B
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Figure 2-83 Histopathology of epithelioid osteosarcoma. A: Tumor cells are arranged in a nesting pattern, resembling ep-
ithelial tumor (hematoxylin and eosin, original magnification �100). B: At higher magnification there is evidence of osteoid
formation by the tumor cells (hematoxylin and eosin, original magnification �200).

A B

B

C
Figure 2-84 Giant cell–rich osteosarcoma. A: Anteroposterior radiograph of the left proximal humerus shows a destructive
lesion affecting the medullary portion of the bone, breaking through the medial cortex into the soft tissues. Bone formation is
seen in the soft tissue mass (arrow). B: Photomicrograph demonstrates polymorphous tumor cells accompanied by osteoclast-
like giant cells similar to giant cell tumor (hematoxylin and eosin, original magnification �100). C: At high-power magnifica-
tion atypical cells with pleomorphic nuclei, irregular mitoses, and tumor-osteoid formation are visible (van Gieson, original
magnification �400).

A
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(221,406), and chromatin, although occasionally fine,
is usually coarse or granular. Furthermore, the pres-
ence of ovoid nuclei and definite spindling of the tu-
mor cells in some areas, and the often focal production
of osteoid wisps or bone formation, should direct
pathologists away from Ewing sarcoma and toward a
confident diagnosis of small cell osteosarcoma (277).
The amount of cytoplasm varies considerably and is de-
pendent on the degree of cellularity (215). In some in-
stances, malignant cartilage can be detected.

Telangiectatic Osteosarcoma

A very aggressive and unusual type of osteosarcoma,
the telangiectatic variant affects males twice as often as
females and occurs predominantly during the second

and third decades (298). Originally described by Paget
in 1854, and subsequently redefined by Gaylord in
1903 as a “malignant bone aneurysm” and by Cam-
panacci in 1971 as a “hemorrhagic osteosarcoma”
(234), this variant accounts for less than 5% of os-
teosarcomas (261,337). Most of these tumors arise in
the femur or tibia (223). The tumor grossly resembles a
bag of blood, characterized by blood-filled spaces,
necrosis, and hemorrhage. These features account for
its radiographic presentation as a purely lytic and de-
structive radiolucent lesion, almost devoid of sclerotic
changes (Fig. 2-86A, B). A soft tissue mass may be pres-
ent (Fig. 2-86E, F). An aggressive periosteal reaction
(lamellar, sunburst, Codman triangle) is present in
most patients, reflecting the malignant nature of this

A

C

B

D
Figure 2-85 Histopathology of small cell osteosarcoma. A: Tumor tissue consisting of medium-sized round and oval cells,
with indistinct cytoplasm and slightly pleomorphic and hyperchromatic nuclei resembling those of Ewing sarcoma. There is
no obvious osteoid matrix formation in this field (hematoxylin and eosin, original magnification �400). B: Small cell
osteosarcoma contains glycogen (red, left) similar to Ewing sarcoma, that is removed by enzyme (diastase) pretreatment
(right) (Best reaction, original magnification �400). C: In contrast to Ewing sarcoma, small cell osteosarcoma contains retic-
ulin fibers staining dark (Novotny, original magnification �400). D: Tumor-osteoid formation by small cell osteosarcoma (van
Gieson, original magnification �400).
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Figure 2-86 Telangiectatic osteosarcoma. (A) Purely destructive lesion is seen in the femoral diaphysis of this 17-year-old girl.
Note the velvet type of periosteal reaction (arrow). The sclerotic changes usually seen in conventional osteosarcoma are absent,
and there is no radiographic evidence of tumor bone. (B) Lateral radiograph of the proximal tibia in a 21-year-old man shows a
lytic lesion with relatively narrow zone of transition and no visible periosteal reaction. Coronal (C) and sagittal (D) T1-weighted
(SE, TR 400, TE 10) magnetic resonance (MR) images show the tumor to be predominantly of intermediate signal intensity with
central areas of high signal. No definite soft tissue mass is demonstrated (continued).

A
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tumor (223) (Fig. 2-87), and a pathologic fracture is
not uncommon in the case of large lesions (Fig. 2-88).
On radiography the lesion is osteolytic, with or without
matrix mineralization, and occasionally exhibits nar-
row zone of transition. Recently, Murphey et al. (353)
reviewed 40 cases of pathologically confirmed telan-
giectatic osteosarcomas. Geographic pattern of bone
destruction was present in 94% of cases, whereas moth-
eaten or permeative destruction was seen in only 6% of
patients. Wide transition zone was present in 83% of
patients, and narrow zone of transition without sclero-
sis—only in 17%. Expansive bone remodeling was com-
mon, being present in 75% of cases, and periosteal re-
action with aggressive characteristics was frequent
(72%). Sixty-one percent of patients exhibited a patho-
logic fracture. Cortical destruction and soft tissue mass
were a common finding. It was of interest to note that
matrix mineralization was identified on radiography
only in 58% of patients. On MRI, telangiectatic os-
teosarcoma often exhibits areas of a high signal inten-
sity on T1-weighted images, owing to the presence of
methemoglobin (223) (see Fig. 2-86C, D). On T2-
weighted images signal intensity is usually heteroge-
neous, although with predominantly high-signal areas
containing foci of low signal intensity representing is-
lands of mineralized matrix. Fluid-fluid levels can occa-
sionally be seen (Fig. 2-89). These fluid-fluid levels indi-
cate the presence of hemorrhage and are sometimes
observed in other lesions that contain blood-filled cavi-
ties, such as aneurysmal bone cysts.

Two histologic patterns may be observed. The tissue
usually consists of blood-filled spaces divided by septa
with few solid areas, a feature also shared by the major
differential possibility, aneurysmal bone cyst (Fig. 2-90A,
B, D). However, high-power microscopy of the cells
lining the blood-filled spaces reveals significant pleomor-
phism, many mitotic figures, giant cells (benign and ma-
lignant), and focal osteoid production to a much greater

extent than occurs in aneurysmal bone cysts (Fig. 
2-90C). Some tumors exhibit only a minimal amount of
osteoid production. However, according to Dahlin and
Unni (244), if a tumor produces septa it should be classi-
fied as telangiectatic osteosarcoma, even in the absence
of osteoid.

Low-Grade (Well-Differentiated)
Central Osteosarcoma

This rare form of osteosarcoma, representing less than
2% of all osteosarcomas, usually affects patients older
than those afflicted with conventional osteosarcoma
(average age 30 years) (301). Its sites of occurrence are
similar, with a predilection for the femur and tibia
(436). Flat and short tubular bones are rarely affected
(461). Unlike patients with conventional osteosarcoma,
patients with this type of tumor often present with a
long history of nonspecific aching, discomfort, or
swelling over months or even years before the diagnosis
is established. In many cases, the initial diagnosis on
both a radiologic and a histologic basis is that of fibrous
dysplasia (450). Although low-grade central osteosar-
coma is occasionally indistinguishable on radiography
from conventional osteosarcoma, more often the lesion
appears benign, with a well-defined sclerotic rim
(211,258). Expansion of the lesion is common, and the
cortex is often thinned (Figs. 2-91 and 2-92). Periosteal
reactions are rare, as is soft tissue extension of the tu-
mor. This type of osteosarcoma is a slow-growing tumor
and therefore has a better prognosis. Its radiographic
presentation sometimes closely resembles that of fi-
brous dysplasia, giant cell tumor, desmoplastic fibroma,
or even nonossifying fibroma (405).

The histologic diagnosis of low-grade osteosarcoma is
extremely difficult. It may resemble fibrous dysplasia,
desmoplastic fibroma, nonossifying fibroma, osteoblas-
toma, and chondromyxoid fibroma (220,301), or non-
specific reactive lesions. Even the usual histology of 

E F
Figure 2-86 Continued Coronal (E) and axial (F) inversion recovery (FMPIR/90, TR 4000, TE 54 EF, TI 140) images show the
extension of the tumor into the soft tissues and presence of peritumoral edema.
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A B
Figure 2-87 Telangiectatic osteosarcoma. Anteroposterior
(A) and lateral (B) radiographs show an ill-defined lesion
that exhibits a permeative type of bone destruction in the
middle portion of the right femur in a 41-year-old man.
Note the velvet type of aggressive periosteal reaction.

A B
Figure 2-88 Telangiectatic osteosarcoma. A: Predomi-
nantly lytic tumor associated with periosteal reaction is seen
in the distal femoral diaphysis of this 6-year-old girl. B: On the
lateral view, an oblique pathologic fracture is well demon-
strated (arrow). (Courtesy of Dr. K. K. Unni, Rochester, Min-
nesota.)

low-grade parosteal osteosarcoma, with formation of 
mature-appearing bone trabeculae arranged in parallel
arrays, has been reported (431). On microscopic exami-
nation, the tumor stroma consists of spindle cells (which
usually do not appear obviously malignant) arranged in
interlacing bundles (Fig. 2-93). The nuclei may exhibit
some minimal atypia but the pleomorphism commonly
observed in conventional osteosarcoma is absent. Mi-
totic figures are rare and inconspicuous. Variable
amounts of collagen and bone are produced, and the
stromal cells may invade and permeate the marrow cav-
ity and trabeculae of cancellous and cortical bone, occa-
sionally extending to and penetrating the periosteum
(322). The lesion may resemble desmoplastic fibroma at
one end of the spectrum and fibrous dysplasia at the
other, except that the bone spicules formed in this lesion
are usually bulkier and lack the delicate, curvilinear
shapes seen in fibrous dysplasia (316). Foci of atypical
cartilage are only rarely observed. Giant cells may be
present but are usually rare. As a consequence, a diagno-
sis should be made on the basis of histologic and radio-
logic correlation.

Unlike in conventional osteosarcoma, low-grade
central osteosarcoma shows minor genetic alterations,
with gains at 12q13–14,12p, and 6p21 resulting in
overexpression of CDK4 and MDM2 and amplification
of SAS (sarcoma-amplified sequence) as identified by
comparative genomic hybridization (CGH) studies (a
method for the analysis of copy number changes in

the DNA of tumor cells) (420,451). In a study by Park
et al. (365), a mutation of TP53 present in about 20%
of all conventional osteosarcomas was found in only
one case, whereas amplification of the MDM2 gene
was present in four out of 21 investigated low-grade
central osteosarcomas. The same group of investiga-
tors analyzing 20 cases reported a strong protein
expression of MDM2 (35%) and CDK4 (65%) by im-
munohistochemistry methods, and SAS amplification
by the quantitative PCR (polymerase chain reaction)
method (15%) (376). In addition, ring chromosomes
with material derived from chromosome 1 have also
been described (451).

Gnathic Osteosarcoma

Osteosarcoma arising in the maxilla or mandible is un-
like osteosarcoma arising elsewhere in the skeleton be-
cause it occurs in older patients (fourth to sixth
decades, with a mean age of 35 years) (328). It is usu-
ally a well-differentiated tumor with a low mitotic rate,
possessing a predominantly cartilaginous component
in a high percentage of cases (Fig. 2-94), and with less
malignant potential and a better prognosis than for
other forms of osteosarcoma (240,277,308,333,368).
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Figure 2-89 Telangiectatic osteosarcoma. A: Frontal radio-
graph shows permeated focal bone destruction in the proxi-
mal fibula associated with bone formation in the soft tissue
(arrow). B: Coronal fat-suppressed T1-weighted magnetic res-
onance imaging (MRI) obtained after intravenous administra-
tion of gadolinium shows slight enhancement of both the
intramedullary tumor and periphery of a large soft tissue mass
(arrows). C: Axial fat-suppressed T2-weighted image shows
fluid-fluid level (open arrow).
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Figure 2-90 Histopathology of telangiectatic osteosarcoma. A: Fibroblastic tumor stroma with scanty woven bone forma-
tion (red) and large, blood-filled capillary spaces (van Gieson, original magnification �12). B: At higher magnification, a
moderate amount of bone formation, characteristic of osteosarcoma, is clearly demonstrated. Large, blood-filled vascular
spaces are typical of the telangiectatic variant (hematoxylin and eosin, original magnification �25). C: Cellular areas of the
tumor reveal bone formation by malignant cells (hematoxylin and eosin, original magnification �25). D: In another section,
there is almost complete lack of tumor bone formation, except for the areas in the upper left corner (van Gieson, original
magnification �25). E: A pseudocyst of telangiectatic osteosarcoma is surrounded by atypical malignant cells (hematoxylin
and eosin, original magnification �200). F: At higher magnification observe scattered pleomorphic tumor cells (hematoxylin
and eosin, original magnification �400).
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Figure 2-91 Low-grade central osteosar-
coma. Anteroposterior (A) and lateral (B) ra-
diographs of the distal leg in an 18-year-old
woman were originally interpreted as show-
ing fibrous dysplasia of the distal tibia. Note a
benign-appearing radiolucent lesion exhibit-
ing a geographic type of bone destruction
with a narrow zone of transition and no evi-
dence of periosteal reaction. Sagittal (C) and
axial (D) T1-weighted (SE, TR 600, TE 20)
magnetic resonance imaging (MRI) demon-
strates intermediate to low signal intensity of
the lesion and lack of a soft tissue mass.
(Courtesy of Dr. K. K. Unni, Rochester, Min-
nesota.)

A, B C

D

Multicentric (Multifocal) Osteosarcoma

This very rare type of osteosarcoma (1.5% of all os-
teosarcomas), in which lesions develop simultaneously
in multiple bones, is recognized at present as having
two variants: synchronous and metachronous (205,232,
269,280,326,380). A slight male predominance exists
among patients of 18 years and younger and a much
greater (3:1) male predominance in patients of 19
years and older. The most commonly encountered sites
in decreasing order of frequency are the distal end of
the femur, proximal end of the tibia, proximal end of
the femur, pelvis, and the proximal end of the humerus
(243,294) (Figs. 2-95 and 2-96). Whether this type of os-
teosarcoma is truly a separate entity or whether it actu-
ally represents multiple bone metastases from a pri-
mary conventional osteosarcoma remains controversial
(294). Because bone is a well-recognized site of metas-
tasis for primary osteosarcoma, the possibility that a pa-
tient with multifocal involvement has a primary os-

teosarcoma with bone metastases should always be con-
sidered. When multiple bones are affected in the ab-
sence of pulmonary involvement, however, this situa-
tion probably indicates the independent development
of multiple primary bone osteosarcomas. Amstutz
(210) categorized multifocal osteosarcomas into three
clinical patterns: type I are synchronous lesions occur-
ring in younger patients, type II are low-grade synchro-
nous lesions limited to the axial skeleton in adults, and
type III are cases of metachronous lesions. Some of the
patients in this group were believed to develop metasta-
tic lesions from a solitary primary osteosarcoma.

Osteosarcomas with Unusual Clinical Presentation

There are numerous genetic disorders, marked by
chromosome instability, associated with development
of various tumors including osteosarcomas. Among
these conditions are Rothmund-Thomson syndrome,
Werner syndrome, Li-Fraumeni syndrome, retinoblas-
toma syndrome, and Bloom syndrome (264,273).
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A, B C
Figure 2-92 Low-grade central osteosarcoma. A: Lytic lesion with the geographic type of bone destruction and a narrow
zone of sclerosis in the intertrochanteric region of the left femur has a benign appearance. Anteroposterior (B) and lateral
(C) radiographs of another patient show a radiolucent lesion in the proximal tibial diaphysis, slightly expanding the lateral
cortex.

The Rothmund-Thomson syndrome, also known as
congenital poikiloderma, is a hereditary disease with a
male predominance of 2:1, appearing in the first year of
life, and characterized by erythematous and macu-
lopapular skin lesions with areas of hyperpigmentation
(218,332,404). These lesions are associated with a variety
of other abnormalities such as sensitivity to light, juve-
nile cataracts, short stature, growth retardation, prema-
ture baldness, hypogonadism, and development of skin
malignancies (particularly basal and squamous cell carci-
noma). Conventional osteosarcoma develops in about
30% of cases (particularly at a younger age) (332), al-
though the presence of multicentric osteosarcoma has
also been reported (257,404,413). The syndrome, which
is inherited in an autosomal recessive manner, has been
attributed to mutations of RECQL4 located at chromo-
some band 8q24.3, and coding for a DNA-helicase that
unfolds double-stranded into single stranded DNA
(314,315,372). In a cohort study, Wang et al. (448) were
able to demonstrate that truncating mutations leading
to loss of function of the gene are associated with a high
risk of osteosarcoma in patients with this syndrome.

The Werner syndrome, also known as adult progeria,
is a rare autosomal recessive genetic disorder caused by
mutations in the WRN gene that has been mapped at
chromosome band 8p12–p11 (274,346,350,396). The
WRN protein belongs to the ReQ family, being both a
DNA helicase and exonuclease. Alterations of the heli-
case function may lead to chromosomal instability. This
syndrome is characterized by the premature aging in-
cluding graying of hair, alopecia, cataracts, scleroderma-

like skin changes, osteoarthritis of peripheral joints,
short stature, hypogonadism, osteoporosis, diabetes mel-
litus, and atherosclerotic cardiovascular disease. The pa-
tients with this syndrome are also at risk to develop ep-
ithelial neoplasms, melanoma, thyroid cancer, and
osteosarcoma. Patients with osteosarcoma present at an
older age (fifth decade of life) and at atypical sites (426).

The Li-Fraumeni syndrome is a rare, autosomal
dominant inherited disorder associated with genetic
heterozygous germline R156H, R267Q, and R290H
mutation in the TP53 tumor suppressor gene (260,330,
373,424). Germline mutations of TP53 on 17p13.1 are
found in about 70% of families with this syndrome
(266). This disorder is characterized by multiple pri-
mary neoplasms in children and young adults, particu-
larly soft tissue sarcomas, osteosarcomas, breast cancer,
brain tumors, and leukemias (267,281,330,370). In a
recent study of multiple primary tumors in patients
with osteosarcoma, Hauben et al. (286) contended that
these patients are at relative risk of 2.4 to develop an-
other malignancy compared to the general population.
Furthermore, these investigators postulated that diag-
nosis of unusual subtype of osteosarcoma should draw
attention to a possible genetic predisposition (Li-Frau-
meni syndrome or other inherited cancer syndromes)
of the respective patients.

The retinoblastoma syndrome consists of the malig-
nant tumor of the retina originating from the embry-
onic neural retina associated with the following dys-
morphic abnormalities: microcephaly, broad and
prominent nasal bridge, hypertelorism, ptosis, protrud-
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ing upper incisors, micrognathia, short neck, low-set
ears, facial asymmetry, genital malformation, and men-
tal retardation (235,423). Retinoblastoma is in 60% of
patients nonhereditary and unilateral. However, 40%
of the cases are inherited in an autosomal dominant
manner with almost complete penetrance, and 25% of
these patients present with bilateral tumors. The syn-
drome is caused by a genetic mutation found in the tu-
mor suppressor gene RB1 located on the long arm of
chromosome 13 (13q14.1) (235). Germline mutations
of one allele followed by a somatic mutation in the
hereditary form or somatic mutations of both alleles in
the nonhereditary form lead to loss of function of this
tumor suppressor gene, hence tumor formation (235).
Osteosarcoma is the most common second malignancy

in patients with hereditary retinoblastoma (348). Fur-
thermore, these mutations also increase the risk for de-
veloping an irradiation-induced secondary osteosar-
coma (428,444).

The Bloom syndrome, also known as Bloom-German
syndrome, is an autosomal recessive disorder character-
ized by congenital telangiectatic erythema of the face
resembling lupus erythematodes, dolichocephaly with
malar hypoplasia, sensitivity to sunlight, low birth
weight and well-proportional dwarfism, immunoglobu-
lin deficiency, limb abnormalities (including syndactyly,
polydactyly, and clinodactyly), and propensity for devel-
opment of malignant tumors, particularly osteosar-
coma (264). This syndrome has been attributed to the
functional alteration of DNA-helicase gene of the

A B

C D
Figure 2-93 Histopathology of a low-grade central osteosarcoma. A: The cellular stroma contains irregularly formed wo-
ven bone trabeculae (right), resembling fibrous dysplasia. Observe subperiosteal extension of the tumor (left) (hematoxylin
and eosin, original magnification �25). B: At higher magnification, benign-appearing spindle-cell tumor tissue is seen with
formation of primitive woven bone pseudotrabeculae containing roundish osteocytes (center). Also present are large vascular
spaces (hematoxylin and eosin, original magnification �25). C: At high magnification, the malignant nature of the tumor is
better appreciated. Hyperchromatic tumor cells exhibit enlarged nuclei, a feature not present in fibrous dysplasia (hema-
toxylin and eosin, original magnification �400). D: Enlarged atypical spindle cell exhibiting hyperchromatism and mitosis
(upper right) is present in the stroma of fibrous dysplasia-like low-grade central osteosarcoma (hematoxylin and eosin, original
magnification �400).
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RecQ-family, BLM, located on chromosome band
15q26.1 (224,292).

B. Intracortical Osteosarcomas

These are the rarest forms of osteosarcomas. Only 20
cases have thus far been reported (83,123,136,
222,252,279,285,290,302,333,334,344,345,352,385,399,
441,446), with an age range of 9 to 43 years (average
21 years) and a male predominance. The presenting
symptom is pain, often associated with activity, local
tenderness, and occasionally a mass. In some patients,
a history of previous trauma has been elicited. The tu-
mor involves the cortex, especially of the mid-tibia or
femur, without extension into the medullary portion
of the bone or the soft tissues. The radiographic pres-
entation is that of a radiolucent lesion with surround-
ing cortical sclerosis. The size of the lesion varies from
1.0 to 4.2 cm (83,323). In some instances the lesion

mimics osteoid osteoma or intracortical osteoblas-
toma. Histologic studies show the tumor cells to be
round or spindle-shaped, pleomorphic, with vesicular
nuclei containing prominent nucleoli. Mitotic figures
may be present. The bony matrix produced by malig-
nant cells assumes a lace-like pattern with tumor os-
teoid. Low-grade intracortical osteosarcoma and a
case associated with oncogenic rickets have also been
reported (222,285,290).

C. Surface Osteosarcomas

The term “surface” (formerly “juxtacortical”) is a gen-
eral designation for a group of osteosarcomas that arise
on the surface of a bone (311,329) (Fig. 2-97). In gen-
eral, these lesions are much rarer (4%–10% of all os-
teosarcomas) and present a decade later than their in-
traosseous counterparts (410). The great majority of
surface osteosarcomas are low-grade tumors (378), al-

Figure 2-94 Gnathic osteosarcoma. A: Oblique radiograph of the mandible shows mixed sclerotic and lytic lesion destroy-
ing the cortex associated with a spiculated sunburst type of periosteal reaction. B: The tumor composed of chondroblastic tis-
sue destroys adjacent bone. Osteoid-producing malignant cells (bottom right) are also visible (hematoxylin and eosin, original
magnification �100). C: In other areas, purely cellular tissue with a moderate degree of pleomorphism of the cells and nuclei
is present. Plate-like bone formation (lower right) confirms the diagnosis of osteosarcoma (hematoxylin and eosin, original
magnification �50). (Reprinted with permission from Prein J, Remagen W, Spiessl B, Uehlinger E. Atlas of tumors of the facial
skeleton. Berlin: Springer-Verlag, 1986.)

A B

C

5480_Greenspan_Ch02p040-157.qxd  7/19/06  1:34 PM  Page 111



112 — Differential Diagnosis in Orthopaedic Oncology

Figure 2-95 Synchronous multicentric osteo-
sarcoma. A: Anteroposterior radiograph shows 
involvement of the right hemipelvis and focus of
sclerosis in the left ilium (arrow). B, C: Distal femur,
proximal and distal tibia, and several bones of the
right foot are also affected in the same patient.
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Figure 2-97 Variants of surface osteosarcomas.

Figure 2-96 Synchronous multicentric osteosarcoma: mag-
netic resonance imaging (MRI). In another patient, MRI
shows involvement of the left femur and distal right femur.

though there are moderately and highly malignant vari-
ants (291,304,437). Low-grade surface osteosarcoma is
usually termed parosteal osteosarcoma. The lesion arises
on the outside surface of the bone, virtually never pro-
voking a periosteal reaction (361,418,431). Histologi-
cally, the proliferating portion of the neoplasm consists
of a fibrous stroma, considered to be derived from the
outer fibrous periosteal layer. Dedifferentiated parosteal
osteosarcoma is a high-grade variant of the former tu-
mor (393,455). Periosteal osteosarcoma belongs to an
intermediate grade of surface lesions (434). This lesion
may cause periosteal response and usually consists
mostly of cartilage (381). The lesion is believed to be de-
rived from the inner, or cambium, layer of periosteum.
High-grade surface osteosarcoma is a lesion located on
the periphery of a bone. It has a histology identical to
that of conventional medullary osteosarcoma and a simi-
lar metastatic potential (363,454,460).

Parosteal Osteosarcoma

This type of surface osteosarcoma, which accounts for
about 4% of all osteosarcomas, is seen in patients in
their third and fourth decades, and characteristically
affects the posterior aspect of the distal femur (414)
(Fig. 2-98). Other locations include the tibia, the fibula,
and the proximal portions of the femur and humerus
(331). Rarely are other bones affected (306,312). Be-
cause the tumor is slow growing and usually involves only
the surface of the bone, the prognosis is much better
than for the other types of osteosarcoma.

On radiologic studies, the neoplasm presents as a
dense oval or spherical mass attached to the surface of
the cortical bone (Fig. 2-99). The surface is lobulated
and may be less dense than the base of the tumor (Fig.
2-100). The mass appears sharply delineated from the
peripheral soft tissues. The medullary cavity is usually
spared unless the lesion is of long duration. A linear,
translucent cleft usually forms an incomplete separa-
tion of the bulk of the tumor from the underlying
cortex (Fig. 2-101). Larger lesions, however, tend to en-
circle the host bone (361). Although these features can
be adequately demonstrated by conventional radiogra-
phy, CT (Fig. 2-102) or MRI (Fig. 2-103) is often neces-
sary to determine the extent of cortical penetration
and intramedullary invasion by tumor (295).

The histology of this tumor is characterized by a high
degree of structural differentiation and consists of im-
mature (woven) bone in different stages of maturation
to lamellar bone (395). The lamellar trabeculae, which
predominate in most areas, are separated by a bland,
well-differentiated fibrous stroma composed of spindle
cells. The latter show minimal cytologic atypia, are mini-
mally pleomorphic, and rarely exhibit mitotic activity
(Fig. 2-104A–C). The surface may be covered by hyper-
cellular and slightly atypical cartilage mimicking osteo-
chondroma (Fig. 2-104D). Cartilaginous tumor nodules
may also be present within the lesion. Determining ma-
lignancy may present some difficulty, as the indolent na-
ture of this tumor is also evidenced by lack of significant
tumor hemorrhage or necrosis. Multiple sections are
usually required to reveal regions of prominent
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Figure 2-98 Parosteal osteosarcoma: skeletal sites of
predilection, peak age range, and male-to-female ratio.

Text continues on page 118

osteoblastic activity around bony trabeculae (432). Ap-
plying the grading criteria to parosteal osteosarcoma
elaborated by Ahuja et al., most tumors are low-grade le-
sions (grade 1 and 2) that have a good prognosis, and
require simple surgery for treatment (204,401,435).

Genetically, parosteal osteosarcomas lack the com-
plex aberrations found in conventional osteosarcomas.
Supernumerary ring chromosomes containing chro-
mosome 12 material have been found, as well as co-
amplification of CDK4, SAS, and MDM2, which are
located at 12q13–15 (417,458).

Dedifferentiated Parosteal Osteosarcoma

Dedifferentiated parosteal osteosarcoma, the more
common variant of surface-based high-grade osteosar-
comas, usually arises as a conventional low-grade
parosteal osteosarcoma (455). Then, either sponta-
neously (in which case both low- and high-grade com-
ponents can be identified histologically) or secondarily
(in recurrences of inadequately resected low-grade
parosteal tumors), the lesion undergoes transforma-
tion to a high-grade malignancy (367,452). The latter
situation is more common. Unni (431) cites a dediffer-
entiation rate of 20% in such recurrences. Only excep-
tionally rare, as reported by Shuhaibar and Friedman
(402), the tumor at initial presentation shows coexis-
tence of both the low-grade and high-grade sarcomas.
In radiologic and histologic studies, dedifferentiated
parosteal osteosarcoma mimics the features of conven-
tional parosteal osteosarcoma. There are, however,
some characteristics of a high-grade sarcoma, such as
radiographically identifiable cortical destruction and
histologically identifiable pleomorphic tumor cells with
hyperchromatic nuclei and a high mitotic rate. Cross-
sectional imaging reveals medullary involvement in
22% of patients and adjacent soft tissue invasion in
46% (361) (Fig. 2-105). Hence, the prognosis is much
worse than for parosteal osteosarcoma.

Periosteal Osteosarcoma

This very rare type of osteosarcoma (accounting for
1%–2% of all osteosarcomas and 25% of all surface os-
teosarcomas) grows on the surface of a bone and is usu-
ally located in the midshaft of a long bone; it is most
common in adolescence (283). Although the age range
varies, most lesions occur during the second decade of
life. There is a slight female preponderance, and the ma-
jority of lesions affect the tibia and femur (85%–95%)
followed by the ulna and humerus (5%–10%) (351).

The radiologic characteristics were defined by de-
Santos et al. (250). These include heterogeneous tu-
mor matrix with calcified spiculations interspersed with
areas of radiolucency representing uncalcified matrix;
occasional periosteal reaction in the form of a Codman
triangle (Fig. 2-106); thickening of the periosteal sur-
face of the cortex at the base of the lesion, with sparing
of the endosteal surface; extension of the tumor into
the soft tissues; and sparing of the medullary cavity
(Figs. 2-107 and 2-108).

By microscopy, these tumors are of intermediate
grade malignancy and are composed mainly of lobu-
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Figure 2-99 Parosteal osteosarcoma. A: Lateral radiograph
of the knee of a 37-year-old woman shows an ossific tumor
attached to the posterior cortex of the distal femur (arrow).
B: In another patient, anteroposterior radiograph of the right
hip shows a large ossified mass that appears to be attached to
the supraacetabular portion of the ilium. Coronal (C) T1-
weighted (SE, TR 700, TE 16) and two sections of axial proton
density (D, E) (SE, TR 2300, TE 16) magnetic resonance im-
aging (MRI) confirm the attachment of the low-signal-inten-
sity mass to the iliac bone (arrows).
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A

Figure 2-100 Parosteal osteosarcoma. A sclerotic, lobulated
mass is attached to the posterior cortex of distal femur. The
periphery of the tumor is slightly less dense than the base.

Figure 2-101 Parosteal osteosarcoma. A large, sclerotic tu-
mor partially attached to the medial cortex of left femur dis-
plays inferiorly a radiolucent cleft (arrows).

Figure 2-102 Parosteal osteosarcoma: computed tomography (CT). A: Contrast-enhanced CT section demonstrates that
the medullary portion of the bone has not been invaded (same patient as in Fig. 2-99A). B: CT section through the attached
portion of the tumor (same patient as in Fig. 2-101) shows lack of invasion of the medullary cavity.

B
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Figure 2-103 Parosteal osteosarcoma: magnetic resonance imaging (MRI). A: Lateral radiograph shows a tumor (arrow)
involving the posterior aspect of the medial femoral condyle in a 22-year-old woman. It is not possible to determine whether
the cortex has been violated. B: Sagittal MRI (SE;TR 517, TE 20) demonstrates invasion of the medullary cavity (arrows).
(Reprinted with permission from Greenspan A. Osteosarcoma. Contemp Diagn Radiol 1993;16:1–6.)

A B

A B
Figure 2-104 Histopathology of parosteal osteosarcoma. A: The tumor originates at the surface of cortical bone (van
Gieson, original magnification �25). B: At higher magnification, parallel arranged trabeculae of woven bone are separated by
a fibrous stroma containing irregularly shaped spindle cells (hematoxylin and eosin, original magnification �100) (continued ).
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DC
Figure 2-104 Continued C: Spindle cells with enlarged hyperchromatic nuclei form tumor-bone (hematoxylin and eosin,
original magnification �400). D: On its surface, parosteal osteosarcoma may be covered by a cartilaginous cap resembling os-
teochondroma; however, subchondral areas contain spindle cells, and hematopoietic or fatty marrow is absent (hematoxylin
and eosin, original magnification �25).

lated chondroid tissue with moderate cellularity (Fig.
2-109). They characteristically exhibit large amounts
of cartilage matrix undergoing calcification or endo-
chondral ossification, as well as small amounts of fine
lace-like osteoid surrounding malignant cells (Fig. 2-
110). Areas of moderately differentiated osteoblastic
osteosarcoma are also present. The ultrastructural fea-
tures consist of round or polyhedral chondroblast-like
cells. The nuclei are rounded and have prominent nu-
cleoli, and the nuclear envelope shows discrete inden-
tations. The cytoplasm contains conspicuous rough
endoplasmic reticulum, lakes of glycogen, and lipid
vacuoles. The cytoplasmic membrane displays scanty,
thin projections. The cells are surrounded by an
abundant intercellular matrix of low electron density,
with thin fibrils and granules (336). The prognosis
for periosteal osteosarcoma is somewhat better than
for conventional osteosarcoma but worse than for
parosteal osteosarcoma (395).

Only few genetic studies have been reported with
complex chromosomal aberrations in four cases and a
numerical gain of chromosome 17 in one case (229).

High-Grade Surface Osteosarcoma

A small percentage of surface osteosarcomas are high-
grade tumors and they carry the same prognosis as con-
ventional osteosarcoma. The less common of these le-
sions, high-grade surface osteosarcoma, accounting for
less than 1% of all osteosarcomas in a Mayo Clinic study
(455), exhibits radiologic features similar to those of
parosteal or periosteal osteosarcoma (289) (Fig. 2-111).
Men are affected more frequently than women (M/F �
1.6:1). The most frequent site for this tumor is the femur
(46%), followed by the humerus (16%) (363). It is histo-
logically indistinct from conventional osteosarcoma (Fig.
2-112) and, like the latter, it has a high potential for dis-
tant metastases (455). Although intramedullary exten-

sion of the tumor is uncommon, the cortex may be in-
volved and pathologic fractures may occur.

D. Soft Tissue (Extraskeletal) Osteosarcomas

Osteosarcoma of the soft tissues (extraskeletal, ex-
traosseous) is an uncommon malignant tumor of mes-
enchymal origin, with the capacity to form neoplastic
osteoid, bone, and cartilage (217,327,384). Middle-
aged and elderly individuals are most often affected,
with a mean age at presentation of 54 years (238,412),
although at times this tumor may present in a younger
individual (408). Extraskeletal osteosarcoma is consid-
erably less common than osteosarcoma of bone, ac-
counting for only 4% of all osteosarcomas (206). The
preferential sites for this neoplasm are in the lower ex-
tremities and buttocks (262,278,319,382,403,459). Al-
though most of these tumors are of a high-grade malig-
nancy, few cases of a low-grade lesion have been
reported (362). The lesion may also develop in a vari-
ety of soft tissues such as breast, lung, thyroid, renal
capsule, urinary bladder, and prostate, and even within
the mesentery and pelvic retroperitoneum (237). Occa-
sionally, a soft tissue osteosarcoma arises after radiation
therapy. Exceptionally it may arise in myositis ossificans
(317).

The most common clinical presentation is that of
a slowly enlarging mass, with or without pain. The radi-
ographic hallmarks include a soft tissue mass with scat-
tered, amorphous calcifications and ossifications. The
mass exhibits a disorganized arrangement of osteogenic
elements in the center of the tumor (Figs. 2-113 and 2-
114A). If the mass develops in close proximity to bone, it
may invade the cortex.

CT usually reveals a heavily mineralized soft tissue
mass, occasionally with areas of necrosis (255). This
modality may demonstrate better than radiography the

Text continues on page 127
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Figure 2-105 Dedifferentiated parosteal osteosarcoma. A 24-year-old woman presented with pain and a palpable mass
above the popliteal fossa of 2 months’ duration. Three years prior to the current complaints a parosteal osteosarcoma had been
resected from her distal femur. A: Anteroposterior radiograph of the distal femur shows an aggressive type of periosteal reaction
and a large soft tissue mass with foci of bone formation. B: Lateral radiograph shows in addition the remnants of the previously
resected parosteal osteosarcoma (arrow). C: The proximal computed tomography (CT) section shows a surface tumor exhibiting
bone formation and a large soft tissue mass with foci of tumor bone. At this level the bone marrow is not invaded. D: The more
distal section reveals in addition the invasion of the medullary cavity, a feature not consistent with a conventional parosteal os-
teosarcoma. E: Coronal T1-weighted (SE, TR 600, TE 25) magnetic resonance imaging (MRI) demonstrates the extent of both in-
tramedullary invasion and a soft tissue mass. F: Axial T2-weighted (SE, TR 2000, TE 90) MRI shows heterogeneous signal of a
large soft tissue mass. At the level of this section the bone marrow is not involved by a tumor (continued ).
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Figure 2-105 Continued G: Low-power photomicrograph of dedifferentiated parosteal osteosarcoma shows cellular island
(top) at the periphery of the tumor (hematoxylin and eosin, original magnification �25). H: At higher magnification observe
poorly differentiated malignant cells forming tumor-osteoid (hematoxylin and eosin, original magnification �200).

HG

Figure 2-106 Periosteal osteosarcoma. A: Anteroposterior
radiograph of the right femur shows a surface lesion affecting
the medial cortex, associated with a Codman triangle of pe-
riosteal reaction and a large soft tissue mass. B: Computed
tomography (CT) shows the soft tissue component to better
advantage (arrows). The medullary cavity was not involved
by the tumor. However, an increase in attenuation value, as
compared to the contralateral marrow cavity, indicates bone
marrow edema.
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Figure 2-107 Periosteal osteosarcoma. A: Frontal radiograph of the right knee of a 12-year-old girl with discomfort in the
upper leg for 2 months shows poorly defined calcifications and ossifications in a mass attached to the surface of the lateral tib-
ial cortex. B: Anteroposterior tomography shows the ossified mass. Although attached to the tibia proximally (open arrow), it
is partially separated from the lateral cortex by a narrow radiolucent cleft (arrows), very similar to that seen in the juxtacortical
myositis ossificans. C: Computed tomography (CT) section obtained through the distal part of the lesion shows the extent of
the soft tissue mass. Note low attenuation of the tumor with scattered high-attenuation ossifications. D: CT section obtained
through the proximal part of the lesion clearly demonstrates its attachment to the tibial cortex. The medullary cavity is not af-
fected.
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Figure 2-108 Periosteal osteosarcoma, computed
tomography (CT) and magnetic resonance imaging
(MRI). Anteroposterior (A) and lateral (B) radiographs
of the left leg show faint ossific densities on the antero-
medial surface of the proximal tibia adjacent to the al-
most indistinct cortical destruction. An aggressive vel-
vet type of periosteal reaction is evident. C: CT section
through the tumor shows bone formation on the sur-
face of the tibia and lack of invasion of the medullary
cavity. D: Axial SE T1-weighted MRI shows that the
tumor displays slightly higher signal than the muscles.
E: On axial T2-weighted image (TR 2000, TE 80) the
mass becomes bright, except for the central areas at
which bone formation displays low signal intensity.

D, E

A, B C

Figure 2-109 Histopathology of periosteal osteosarcoma.
The superficial part of the tumor consists of cellular cartilage
with increasing cell density at the proliferation interface with
covering fibrous tissue, indicating its malignant character. En-
dochondral ossification is also present (hematoxylin and
eosin, original magnification �25).
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Figure 2-110 Histopathology of periosteal osteosarcoma.
A: Low-power photomicrograph shows predominantly
cartilaginous matrix, which is a major component of the tu-
mor. Areas of osteoid formation (lower left corner) confirm the
diagnosis (hematoxylin and eosin, original magnification
�40). B: At higher magnification observe metachromatically
stained cartilaginous matrix of the tumor (Giemsa, original
magnification �100). C: At high magnification note scanty
osteoid formation in the peripheral cellular parts of the tumor
(hematoxylin and eosin, original magnification �200).

A

B

C
Figure 2-111 High-grade surface osteosarcoma. A: Lat-
eral radiograph of the distal leg shows a tumor arising from
the surface of the posterior tibial cortex in a 24-year-old
man. Poorly defined ossific foci are seen within a large soft
tissue mass. Note the similarity of this tumor to periosteal
osteosarcoma (compare with Fig. 2-107). B: Computed
tomography (CT) section demonstrates the extent of the
lesion. Characteristically, the marrow cavity is not affected.
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Figure 2-112 Histopathology of high-grade surface osteosarcoma. A: High cellularity and marked pleomorphism of the
stromal cells together with infiltration of the skeletal muscle and vascular invasion are characteristic of this tumor. The histo-
logic appearance is indistinguishable from that of high-grade central osteosarcoma (hematoxylin and eosin, original magnifi-
cation �100). B: High cellularity, numerous mitoses, and areas of tumor-osteoid formation indicate high-grade tumor (hema-
toxylin and eosin, original magnification �200).

A B

Figure 2-113 Extraskeletal (soft tissue) osteosarcoma. A: Lateral
radiograph of the right knee of a 51-year-old woman shows a poorly
defined soft tissue mass situated above the patella merging with the
quadriceps muscle. Approximately in the center of the lesion amor-
phous calcifications and ossifications are noted. The suprapatellar
bursa appears unaffected. B: Radiograph of the specimen of the tu-
mor depicted in A demonstrates foci of ossification in the center of
the tumor, surrounded by the radiolucent zone at the periphery (“re-
verse zoning”). (Reprinted with permission from Greenspan A, Steiner
G, Norman A, et al. Case report 436. Osteosarcoma of the soft tissues
of the distal end of the thigh. Skeletal Radiol 1987;16: 489–492.)
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Figure 2-114 Extraskeletal (soft tissue) osteosarcoma. A 68-year-old woman presented with a progressively enlarging
soft tissue mass in the popliteal region of the right knee. A: Lateral radiograph shows a large soft tissue mass, sharply out-
lined in its distal extent, but poorly delineated at the proximal end. Calcifications and ossifications are present throughout
the tumor. B: One of the computed tomography (CT) sections through the distal portion of the tumor shows predomi-
nantly peripheral mineralization of the mass, very similar to that of myositis ossificans. C: The more proximal CT section
clearly demonstrates reverse zoning, typical for soft tissue osteosarcoma. D: Axial T1-weighted (SE, TR 700, TE 19) mag-
netic resonance imaging (MRI) shows the mass exhibiting predominantly low-intensity signal. A smaller extension of the
tumor is seen anterolaterally (continued ).
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Figure 2-114 Continued E: Axial fast spin-echo (FSE, TR 5200, TE 102 Ef) MRI reveals heterogeneity of the tumor,
displaying variation of signals, from high to intermediate intensity. Coronal (F) and sagittal (G) inversion recovery images
further reveal the internal septa and heterogeneous character of the tumor. H: Histologic (whole-mount) section of ex-
traskeletal osteosarcoma in another patient shows reversed zonal phenomenon. Peripheral blue areas represent cellular
component of the tumor, and the central area is occupied by plate-like tumor-osteoid (hematoxylin and eosin, whole-
mount section). I: Centrally located tumor-matrix that contains collagen stains bright red (van Gieson, whole-mount
section).
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pattern of central ossification or the reverse zoning phe-
nomenon (377) (Fig. 2-114B, C). It also demonstrates a
lack of attachment of the mass onto the bone. MRI
usually reveals a mass with heterogeneous low signal in-
tensity on T1-weighted images (Fig. 2-114D) and hetero-
geneous but predominantly high signal intensity on T2-
weighted and inversion recovery sequences (443) (Fig.
2-114E–G). After injection of gadolinium (Gd-DTPA),
noted is an intense enhancement of the tumor, and
visualization of a pseudocapsule (255,308a). Scintigra-
phy using 99mTc-HMDP shows extraskeletal uptake
of the radiopharmaceutical tracer within the tumor.
Intense and heterogeneous uptake of 201Tl in the
extraskeletal osteosarcoma on both early and delayed
images has recently been reported (308a).

The histopathology of soft tissue osteosarcoma is in-
distinguishable from that of a conventional osteosar-

coma (449) (Fig. 2-114H–J). Only single cases have been
investigated genetically, revealing moderate to complex
aberrations as in conventional osteosarcoma (384).

Secondary Osteosarcomas

The term secondary applied to osteosarcoma refers to
a tumor that arises in association with a preexisting le-
sion of the bone, which may or may not be neoplastic,
such as pagetic bone, fibrous dysplasia, medullary bone
infarct, chronic osteomyelitis, osteogenesis imperfecta,
and metallic implants (200,282,352,425,433,439).
Treatment-related postirradiation osteosarcoma also
belongs to this group. In contrast to primary osteosar-
comas, secondary lesions predominantly affect an older
population. Whatever their etiology, the histopathology
of secondary osteosarcomas is identical to that of pri-

Figure 2-114 Continued J: Low-power magnification shows cellular tumor tissue containing tumor-bone beneath the skin
(right) (Giemsa, original magnification �6). K: Plate-like tumor-osteoid is present adjacent to cellular areas of the tumor con-
taining some osteoclast-like giant cells (hematoxylin and eosin, original magnification �200). L: Periphery of the tumor ex-
hibits increased cellularity (left) and central bone formation (hematoxylin and eosin, original magnification �25). M: At
higher magnification observe cell-rich peripheral part of the tumor with fibrosarcomatous areas and tumor-osteoid formation
(hematoxylin and eosin, original magnification �100).
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mary osteosarcomas, and the prognosis for these tu-
mors is equally ominous.

Paget Sarcoma

A large proportion of secondary sarcomas arise as a
complication of Paget disease and characteristically
develop in pagetic bone (339,347). Most cases of
transformation to osteosarcoma occur in polyostotic
Paget disease (394). Osteosarcoma can develop in
any part of any bone affected by Paget disease (409),
although the pelvic bones and femur are the prefer-
ential sites for this complication (339). The other sites
commonly affected are the humerus and the tibia
(371). Patients with advanced disease are at greater
risk (347,394,447). The radiographic changes typi-
cally observed in malignant transformation of Paget
disease include a destructive lesion in the affected
bone, the presence of tumor bone in the lesion,
pathologic fracture, and an associated soft tissue mass
(411) (Figs. 2-115, 2-116, and 2-117). Periosteal reac-
tion is only rarely encountered.

On microscopy, most Paget sarcomas are histo-
logically conventional, high-grade osteoblastic intra-
medullary osteosarcomas (Fig. 2-118). Other types of
osteosarcoma, such as fibrohistiocytic, chondroblastic,
and fibroblastic, are also commonly observed. Osteosar-
coma in these patients must be differentiated from
metastases to pagetic bone from primary carcinoma else-
where in the body, most commonly the prostate, breast,
or kidney (see later). Nevertheless, metastases are a most
uncommon event in Paget disease, despite the increased
vascularity of pagetic bone (231).

Familial occurrence of Paget disease and secondary
osteosarcoma have been reported by Wu et al. (457).
Recently, susceptibility genes for Paget disease have
been linked to chromosome 5q35 (293,325) and chro-
mosome 18q (239). In a LOH-analysis of sporadic os-
teosarcomas and osteosarcomas in Paget disease, Nellis-
sery et al. (356) identified a putative tumor-suppressor
gene that closely maps to the same region on 18q. This
region was more precisely defined by Johnson-Pais et
al. to a 450kb sequence on 18q21.33 excluding RANK
(coding for Receptor Activator of Nuclear Factor
Kappa B, a cell membrane receptor involved in osteo-
clast formation) and BCL2 (coding for an anti-apop-
totic protein initially found in B-cell lymphoma) as can-
didate genes (307).

Osteosarcoma Arising in Fibrous Dysplasia

Osteosarcoma developing in fibrous dysplasia is a rare
event occurring in about 0.5% to 1% of patients with
this disorder, most commonly (in descending order) in
craniofacial bones, proximal femur, humerus, pelvis,
tibia, and scapula. Clinical symptoms such as swelling
and increasing pain may point to the onset of sarcoma-
tous change (386). Of 18 cases reported from the Mayo
Clinic, 12 had previous irradiation before developing
osteosarcomas. Six of these 18 patients had polyostotic
fibrous dysplasia (430). Radiologically, a developing
soft tissue mass or bone destruction, best visible on
MRI, may aid in establishing the diagnosis. Most os-

teosarcomas are high-grade lesions exhibiting the same
histologic findings as in primary osteosarcomas.

Only single genetic analysis has been reported so far,
revealing a normal karyotype for uninvolved bone and
fibrous dysplasia-tissue by comparative genomic hy-
bridization (CGH); however, gains and losses were seen
in the associated osteosarcoma comparable to changes
seen in conventional osteosarcoma (305).

Osteosarcoma Arising in Bone Infarct

Secondary osteosarcomas associated with medullary
bone infarcts seem to be even rarer than sarcomas
developing in fibrous dysplasia. About 50 patients with
sarcomas arising in bone infarcts have been reported, di-
agnosed in order of frequency as MFHs, osteosarcomas,
fibrosarcomas, and angiosarcomas (199,247,425). Clini-
cally, the patients present with pain. On radiologic imag-
ing, residues of a bone infarct in combination with a soft
tissue mass and bone destruction are found (263).

Postirradiation Osteosarcoma

Radiation therapy for an unrelated previous condition
also may give rise to secondary osteosarcoma (207).
These malignancies account for 3% to 5% of all os-
teosarcomas and 50% to 60% of radiation-induced sar-
comas. The estimated risk of developing osteosarcoma
in irradiated bone is 0.03% to 0.8%. The threshold is
approximately 800 to 1,000 cGy, but usually a dose of at
least 3,000 cGy administered within 3 weeks is required
(270). The latent period is between 4 and 42 years, with
an average of 11 years (343). The criteria for diagnosis
of postirradiation sarcoma include the following (46):
(a) the initial disease and the postirradiation sarcoma
must not be of the same histologic type, (b) the site of
the new tumor must be within the field of irradiation,
and (c) at least 3 years must have elapsed since the pre-
vious radiation therapy.

Postirradiation osteosarcomas may develop either
after radiation therapy for benign bone lesions, such
as fibrous dysplasia (Fig. 2-119) and giant cell tumor,
or after irradiation of malignant processes in the soft
tissues, such as breast carcinoma and lymphoma.
These tumors may also develop as a result of ingestion
and intraosseous accumulation of radioisotopes, as
has been described in painters of radium watch dials.
Differentiation of radiation-induced sarcoma from os-
teonecrosis secondary to irradiation may be difficult.
Progression and pain militate in favor of sarcoma.
The double-line sign (parallel low- and high-signal-in-
tensity lines) revealed with MRI indicates osteonecro-
sis. The presence of a soft tissue mass on MRI indi-
cates the development of an osteosarcoma. The
viability of the lesion can be confirmed with gadolin-
ium-enhanced MRI (225).

In contrast to sporadic osteosarcomas, GCH studies
revealed more losses than gains in radiation-induced
osteosarcomas, especially at 1p21–p31 (57% vs. 3%), al-
though the mean number of aberrations was similar.
An additional finding was gains at 8qter, which in spo-
radic osteosarcomas are associated with a poor progno-
sis (421,422).
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Differential Diagnosis

Radiology
On the basis of the subtype of osteosarcoma and the ra-
diographic appearance of different variants, several le-
sions should be considered in the differential diagno-
sis. As mentioned previously, the radiologic differential
possibilities do not always correspond to the histologic
differential diagnosis, and they may vary according to
the subtype of osteosarcoma. In radiographic studies,
the conventional medullary osteosarcoma should be
differentiated mainly from Ewing sarcoma (Figs. 2-120

and 2-121). Ewing sarcoma usually affects the diaphysis
of a long bone or the flat bones, such as the innomi-
nate bone and scapula. The lesion is poorly defined
and is characterized by a permeative or moth-eaten
type of bone destruction (see Figs. 5-15A and 5-16).
The periosteal reaction is usually that of an aggressive,
onion-skin (lamellated) type, although occasionally a
sunburst type may be encountered. A soft tissue mass is
almost invariably present, and at times there may be a
disproportion between a small bone lesion and a large
soft tissue mass (see Figs. 5-15A, B and 5-16). Occasion-
ally, however, Ewing sarcoma may exhibit an unusual

Figure 2-115 Osteosarcoma complicating Paget disease.
Anteroposterior radiograph of the right hip in a 66-year-old
man who had extensive skeletal involvement by Paget dis-
ease shows destruction of the cortex of the ischial bone, as-
sociated with a soft tissue mass containing tumor bone.

Figure 2-116 Osteosarcoma complicating Paget disease.
A: Anteroposterior radiograph of the left hip in a 73-year-old
man with polyostotic Paget disease shows destructive lesion
of the ilium associated with a pathologic fracture. A soft tis-
sue mass containing tumor bone is seen inferiorly to the
sacroiliac joint. B: Computed tomography (CT) section
demonstrates to better advantage the pathologic fracture
and a large soft tissue mass with central necrosis, imaged as
lower attenuation areas.

B

A

Text continues on page 133
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Figure 2-117 Paget sarcoma. A: Anteroposterior radiograph of the pelvis of a 70-year-old woman shows extensive involve-
ment of the left ilium, pubis, and ischium by Paget disease. There is also destruction of the cortex and a large soft tissue mass
accompanied by bone formation, typical findings for osteosarcoma. B: Computed tomography (CT) scan demonstrates the
bone formation in the soft tissue mass more clearly (arrows).

A

B
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Figure 2-118 Histopathology of Paget sarcoma. A: There is clear separation between deformed bone trabeculae pathogno-
monic for Paget disease (right) and osteosarcoma (left) (hematoxylin and eosin, original magnification �15). B: Pagetic bone
with giant osteoclasts and osteoblastic rimming at the surface of deformed trabeculae shows infiltration of intertrabecular
spaces by osteoblastic osteosarcoma (hematoxylin and eosin, original magnification �100). C: Pagetic bone with mosaic pat-
tern is invaded by pleomorphic osteosarcoma producing scant osteoid (left half, red dots) (van Gieson, original magnification
�100). D: At higher magnification observe irregular osteoid deposition against dilated small vessels (hematoxylin and eosin,
original magnification �200).
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Figure 2-120 Osteosarcoma resembling Ewing sarcoma.
Anteroposterior (A) and lateral (B) radiographs of the mid-
shaft of the left humerus in this 17-year-old boy show a le-
sion that exhibits a moth-eaten pattern of bone destruction
associated with Codman triangle of periosteal reaction and
an adjacent soft tissue mass, similar to that of Ewing sar-
coma. Histopathologic examination was consistent with
grade 2 fibroblastic osteosarcoma.

BA

A
Figure 2-119 Postirradiation osteosarcoma. A: Lateral radiograph of the skull of a 35-year-old woman with polyostotic fi-
brous dysplasia, who 11 years before this examination underwent radiation treatment of the mandible, shows predominant
involvement of the frontal bones and the base of the skull. B: Oblique radiograph of the mandible shows an expansive lytic le-
sion in the body of the left mandible, with partial destruction of the cortex (arrow). Biopsy confirmed an osteosarcoma.

B

Figure 2-121 Osteosarcoma resembling Ewing sarcoma.
Anteroposterior radiograph of the distal femur of a 7-year-
old girl shows a lesion in the metaphysis of the distal femur
that exhibits a destructive, permeative, and moth-eaten pat-
tern very similar to that seen in Ewing sarcoma. There is no
evidence of significant bone formation. Aggressive periosteal
reaction, in the form of Codman triangle, is present at the
proximal extension of the tumor (arrow). Biopsy was consis-
tent with a fibroblastic osteosarcoma.
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amount of ossification (see Fig. 5-19), thus closely re-
sembling an osteosarcoma. It is noteworthy that Ewing
sarcoma is extremely rare in black subjects, a helpful
point to remember in making the differential diagno-
sis. Osteosarcoma developing after skeletal maturity
should be differentiated from chondrosarcoma, fibrosar-
coma, and MFH. Osteosarcoma affecting an epiphysis
must be differentiated from clear cell chondrosarcoma,
chondroblastoma, and epiphyseal enchondroma (427). Some
osteosarcomas with atypical radiologic features should
be differentiated from osteoblastoma (419). The central
low-grade osteosarcoma should be differentiated from
fibrous dysplasia. This may be difficult because both le-
sions may show the same radiographic characteristics
(211,300). The former lesion is expansive; the cortex is
thinned, frequently without signs of invasion; and the
medullary component may have a narrow zone of tran-
sition with a ground-glass appearance (405) (see Figs.
2-91 and 2-92). CT and MRI are not helpful in this re-
spect. However, neither periosteal reaction nor cortical
destruction is present in fibrous dysplasia. For telan-
giectatic osteosarcoma the differential diagnosis in-
cludes fibrosarcoma, MFH, giant cell tumor, and aneurys-
mal bone cyst. Because some telangiectatic
osteosarcomas may closely resemble aneurysmal bone
cyst on both imaging and histopathologic examination
(389), it is of paramount importance to distinguish
these two lesions. Although on radiography both le-
sions may show geographic pattern of bone destruction
and narrow zone of transition, telangiectatic osteosar-
coma more commonly will exhibit a wide zone of tran-
sition and aggressive type of periosteal reaction. In ad-
dition, most of the aneurysmal bone cysts will show a
well-organized buttress of a new bone formation at the
periphery of the lesion (see Figs. 7-31 and 7-32). MRI is
usually not helpful, because heterogeneous signal in-
tensity on T1 weighting with interspersed high-intensity
areas (indicating presence of methemoglobin) and
high signal intensity with several cystic foci and fluid-
fluid levels on T2-weighted images are present in both
lesions. Some investigators, however, contended that
an intact rim of low-intensity signal surrounding the le-
sion indicates a benign process (464). Multicentric os-
teosarcoma must be differentiated from metastatic os-
teosarcoma or other osteoblastic metastases. Finally,
parosteal osteosarcoma should be differentiated
among others from juxtacortical osteoma (see Fig. 2-2),
soft tissue osteosarcoma (see Fig. 2-114A), sessile osteochon-
droma (see Fig. 3-39B), parosteal lipoma with ossifications
(see Fig. 2-11), and well-matured juxtacortical myositis os-
sificans that became attached to the cortex (see Fig. 2-
9C). The most common confusion in diagnosis involves
the differentiation of this tumor from myositis ossificans
(360) and sessile osteochondroma. Unlike parosteal os-
teosarcoma, myositis ossificans exhibits the distinctive ra-
diologic features of a zonal phenomenon and a
cleft that completely separates the ossific mass from the
cortex (209,358) (see Fig. 2-9A, B). Osteochondroma, on
the other hand, demonstrates uninterrupted cortical
continuity and medullary communication between the
lesion and the host bone (see Fig. 2-8), features that

are not present in parosteal osteosarcoma. In addition,
osteochondromas usually contain fatty or even
hematopoietic marrow in their intertrabecular spaces,
features that can be demonstrated with MRI. Recent re-
ports suggest that PET scanning may be useful in the
ambiguous cases. 18F-labeled 2-fluoro-2-deoxyglucose
(18FDG) PET can be used to determine cellular meta-
bolic activity of the lesion. A high standardized uptake
value (SUV) focus would suggest parosteal osteosar-
coma rather than myositis ossificans (236).

Periosteal osteosarcoma may resemble myositis ossifi-
cans and periosteal chondrosarcoma (456). Based only on
radiologic examination, differential diagnosis may be
difficult. However, together with the young age of the
patients, the radiologic presence of calcification and
ossification in the base of the lesion (see Figs. 2-106, 2-
107, and 2-108) and the histologic identification of at
least some osteoid or bone formation by tumor cells are
helpful in differentiating this tumor from periosteal
chondrosarcoma (434).

Rarely, a high-grade surface osteosarcoma can be
mimicked by so-called gossypiboma, a cotton-induced
pseudotumor consisting of a foreign body granuloma.
On both CT and MRI, the latter lesion may have a
confusing appearance that suggests malignancy.
Scintigraphy with thallium-201 is the most effective
technique in such instances because, unlike in malig-
nancy, the study will show no uptake of radiotracer in
the mass. Exceptionally, as reported by Vanel et al.
(440), high-grade surface osteosarcoma may mimic a
periosteal osteosarcoma.

Paget osteosarcoma must be differentiated from
bone metastases such as from primaries in the breast,
prostate, or kidney, localized either in an area of
pagetic bone or in unaffected bone (409). The metasta-
tic foci may be either lytic (Fig. 2-122) or blastic (Fig. 2-
123).

Postirradiation osteosarcoma should be differenti-
ated from postirradiation osteonecrosis. MRI is useful in
this respect showing so-called double-line sign charac-
teristic for osteonecrosis, whereas the presence of soft
tissue mass adjacent to the lesion indicates malignancy.

In the differential diagnosis of extraskeletal os-
teosarcoma the possibilities include myositis ossificans,
synovial sarcoma, extraskeletal chondrosarcoma, liposarcoma
of soft tissues with ossification, and pseudomalignant os-
seous tumor of soft tissue.

Myositis ossificans is a benign reactive lesion of the
soft tissues, predominantly observed in adolescents and
young adults (251). The zoning phenomenon repre-
sents the maturation pattern of the lesion, which is un-
differentiated and cellular in the center, and exhibits
an increasingly mature ossification toward the periph-
ery; this is the histologic hallmark of this condition
(203,358). On radiography the zoning phenomenon is
characterized by a radiolucent center of the lesion and
a more dense and sclerotic periphery (Fig. 2-124)
(271). A radiolucent cleft often separates the mass
from the adjacent cortex (Fig. 2-125). The evolution of
myositis ossificans can be correlated well with the lapse
of time since the trauma (320,358) (see also the
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Figure 2-122 Paget disease complicated by
lytic metastases. Anteroposterior radiograph of
the pelvis of a 55-year-old woman shows exten-
sive osteolytic destruction of the right ilium, is-
chium, and pubis secondary to metastatic renal
cell carcinoma (hypernephroma). Note the
characteristic features of Paget disease affecting
the left hemipelvis. This metastatic lesion should
not be mistaken for Paget sarcoma.

Figure 2-123 Paget disease complicated by
blastic metastases. A 79-year-old man was di-
agnosed with prostate cancer. The anteropos-
terior radiograph of the lower pelvis and proxi-
mal femora shows classic features of Paget
disease consisting of thickening of the cortex
and coarse trabecular pattern of cancellous
bone. Scattered foci of increased bone density
represent osseous metastases.

Figure 2-124 Juxtacortical myositis ossificans. A coned-
down radiograph of the right ribs shows a large ossific mass
in the soft tissues. Note characteristic pattern of zoning phe-
nomenon (i.e., increased density on the periphery of the le-
sion and more radiolucent center) and the narrow radiolu-
cent cleft separating the mass from the ribs. (Courtesy of Dr.
Alex Norman, New York, New York.)

5480_Greenspan_Ch02p040-157.qxd  7/19/06  1:35 PM  Page 134



CHAPTER 2 Bone-Forming (Osteogenic) Lesions — 135

previous discussion on differential diagnosis of juxta-
cortical periosteal osteosarcoma).

Synovial sarcoma is a lesion with a predilection for
younger individuals (13 to 55 years) (259). It is usually
located near a joint, especially in the lower extremities
and particularly in the area around the knee. The radi-
ologic appearance is that of a lobulated mass, with
amorphous calcifications present in 25% of cases. Ossi-
fication is extremely rare in the mass of synovial sar-
coma (445). In approximately 15% to 20% of patients,
a periosteal reaction and/or erosion of adjacent bone
structures is noted (see Fig. 9-34). Osteoporosis of the
affected limb may be present secondary to disuse.

Chondrosarcoma of soft tissue, a very rare malignant
tumor, is much less common than extraskeletal os-
teosarcoma. It is characterized by a soft tissue mass with
ring-like, punctate calcifications. It can be radiographi-
cally distinguished from osteosarcoma of soft tissues by
the lack of bone formation.

Liposarcoma of soft tissues tends to affect older
adults, with a higher incidence in men. The lesion may
closely mimic osteosarcoma of soft tissues, particularly
when ossification is present. The type of ossification,
however, is usually more organized, unlike that ob-
served in osteosarcoma of soft tissues, and fatty tissue
can usually be identified. The thigh, leg, and gluteal re-
gion are commonly affected. Growth of the liposar-
coma may be exceedingly slow, over many years, and
erosion of adjacent bone is a common feature (259).

Pseudomalignant osseous tumor of soft tissues was first
described by Jaffe and later by Fine and Stout (262).
These lesions are rare, are more common in females,
and are located in the muscles and subcutaneous tis-
sues. They are probably of infective origin, although

this has not been unequivocally confirmed. Some le-
sions may represent unrecognized foci of myositis ossif-
icans (212,287).

Pathology

From the histopathologic standpoint, the differential di-
agnosis of osteosarcoma should be based on three as-
pects. First, the differences in histologic and cytologic
appearances of malignancy and consecutive grading of
the tumor have to be taken into account. Second, the lo-
cation within a given bone (whether central, intracorti-
cal, or surface) is of importance. Finally, different forms
of histologic differentiation of osteosarcoma and similar-
ities and differences compared to the other tumors must
be considered.

Histology and Cytology

Conventional medullary osteosarcoma (grade 3) repre-
sents the overwhelming majority of all cases, and it is this
type that gives rise to the poor prognosis for osteosarco-
mas in general. Its different histologic types have been
discussed previously. Because grade 2 tumors still display
unequivocal signs of cellular and nuclear malignancy, in
most cases the diagnosis is not difficult. Grade 1 tumors,
however, exhibit only discrete signs of malignancy; there-
fore, in the differential diagnosis certain benign tumors
and tumor-like lesions must be considered (Fig. 2-126).
One of the tumors that must be distinguished from this
malignancy is osteoblastoma. Although in most cases the
distinction between osteosarcoma and osteoblastoma is
straightforward, some osteosarcomas may resemble os-
teoblastomas (162,226), and conversely, some osteoblas-
tomas (in particular, the epithelioid variant formerly
called aggressive osteoblastoma) bear some resemblance

Figure 2-125 Juxtacortical myositis ossificans. A: Oblique radiograph of the right shoulder shows an ossified lesion abutting
lateral cortex of the proximal humeral shaft. B: Computed tomography (CT) section demonstrates the zoning phenomenon
of myositis ossificans. The cleft that separates the lesion from the cortex is shown to the better advantage. C: Axial T1-
weighted (SE, TR 600, TE 20) magnetic resonance imaging (MRI) shows the center of the lesion to be of high signal intensity,
whereas the periphery exhibits low-to-intermediate signal.

A,B C

5480_Greenspan_Ch02p040-157.qxd  7/19/06  1:35 PM  Page 135



from those of higher grades because only the latter
are likely to respond to chemotherapy.

Location

Within a given bone, osteosarcoma may be located cen-
trally (i.e., in the medullary portion of bone), in the cor-
tex, or beneath or outside the periosteum (juxtacorti-
cal). Therefore, the radiologic findings are of utmost
importance and must always be compared with the histo-
logic sections. An osteosarcoma on the bone surface
must be differentiated from several other entities. Pe-
riosteal osteosarcoma is usually of a grade 2 malignancy.
It differs from periosteal chondrosarcoma by the admixture
of tumor bone within the mostly cartilaginous tumor ma-
trix (Fig. 2-128). Fine lace-like osteoid can be demon-
strated among the islands of chondroid tissue. In con-
trast, chondrosarcoma is purely chondroblastic and may
show some reactive bone formation, but there is no tu-
mor bone apposed to malignant cells (see Fig. 3-112).
Fracture callus is occasionally difficult to distinguish from
surface osteosarcoma because during the healing stage
there is pronounced osteogenesis, and new cartilage and
bone formation of callus may mimic tumor bone (Fig. 2-
129). In addition, minimal histologic and cytologic signs
suggesting malignancy may be present. Therefore, radi-
ography is helpful and the radiographic appearance
should take precedence over the histologic findings.

High-grade surface osteosarcoma is a very rare tu-
mor. It is a grade 3 malignancy, corresponding to the
high-grade osteosarcoma of the central type. There-
fore, it is easier to differentiate this variant from other
surface lesions, such as periosteal osteosarcoma and
fracture callus. Parosteal osteosarcoma, on the other
hand, is usually a low-grade tumor. The bone trabecu-
lae usually display a regular alignment and a transfor-
mation from woven into lamellar bone. This tumor

136 — Differential Diagnosis in Orthopaedic Oncology

to osteosarcoma (see Fig. 2-64D) (13,187). Probably the
best distinction is the extremely rare formation of
cartilage by osteoblastoma (13,161,171,345), and espe-
cially the lack of infiltration of the host bone by these
tumors (13).

Another good example of this situation is a rare
type of central osteosarcoma with a low grade of ma-
lignancy, which is well-differentiated, low-grade cen-
tral osteosarcoma (436). The histologic picture of this
tumor resembles fibrous dysplasia, osteofibrous dysplasia
(Kempson-Campanacci lesion), adamantinoma, desmoplas-
tic fibroma, and other lesions (see previous section).
Very discrete focal signs of cellular atypia found in this
variant may distinguish this lesion from the previously
mentioned benign conditions (Fig. 2-127). In addi-
tion, invasion of bone marrow and permeation of tra-
beculae of cancellous and cortical bone by the tumor
cells are constant and important features of low-grade
osteosarcoma. Desmoplastic fibroma may infiltrate sur-
rounding trabeculae of bone at their periphery, creat-
ing a similar picture to that of well-differentiated os-
teosarcoma (13). However, in the central portions of
desmoplastic fibroma there will be no osteoid present
and there will be no evidence of tumor bone produc-
tion. Another low-grade tumor, intracortical osteosar-
coma, should also be differentiated from fibrous dys-
plasia and osteofibrous dysplasia. In this case, the
cytologic indicators of malignancy are usually more
pronounced. However, pseudoanaplastic cytologic
features do exist in benign lesions such as osteoblas-
toma, fibrous dysplasia, and nonossifying fibroma, proba-
bly related to degenerative nuclear changes. Careful
search for mitoses, which are generally rare in the lat-
ter lesions in contrast to the true malignant tumors, is
mandatory (160). In general, for therapeutic pur-
poses it is essential to differentiate grade 1 tumors

A B
Figure 2-126 Histopathology of low-grade central osteosarcoma, resembling fibrous dysplasia. A: Irregular woven bone
trabeculae in a moderately cellular stroma resemble those of fibrous dysplasia; however, observe infiltration of fatty marrow
not present in the latter condition (hematoxylin and eosin, original magnification �200). B: In another field of view, the fi-
brous component shows pleomorphism, hyperchromatic nuclei, and mitoses (hematoxylin and eosin, original magnification
�200).

5480_Greenspan_Ch02p040-157.qxd  7/19/06  1:35 PM  Page 136



CHAPTER 2 Bone-Forming (Osteogenic) Lesions — 137

A B

C

Figure 2-127 Histopathology of low-grade central os-
teosarcoma, resembling fibrous dysplasia. A: Low-power
photomicrograph shows cortical bone infiltrated by tumor
tissue resembling fibrous dysplasia (hematoxylin and eosin,
original magnification �25). B: At higher magnification, ir-
regular plump trabeculae consist of woven bone; however,
in contrast to fibrous dysplasia the osteocytes are absent
(hematoxylin and eosin, original magnification �100). C: In
more cellular areas, small flecks of tumor-osteoid surrounded
by densely arranged large, slightly polymorphic cells point
to the diagnosis of osteosarcoma (hematoxylin and eosin,
original magnification �400).

A B
Figure 2-128 Histopathology of periosteal osteosarcoma and periosteal chondrosarcoma. A: In periosteal osteosarcoma,
the tumor consists of a superficial layer of tumor cartilage and, unlike the case in periosteal chondrosarcoma, a base of partly
cancellous tumor bone. The border resembles the zone of endochondral ossification in enchondroma (hematoxylin and eosin,
original magnification �12). B: In periosteal chondrosarcoma lobulated chondroblastic tumor tissue partly cellular, partly with
matrix resembling hyaline cartilage and with scattered calcifications (upper center) is seen. There is no evidence, however, of
osteoid formation (hematoxylin and eosin, original magnification �12).
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should be differentiated from myositis ossificans (358),
Nora lesion (357), and sessile osteochondroma (13).

Myositis ossificans is fairly easy to distinguish when the
lesion has been resected as a whole. The maturation
pattern of the bone starting in the periphery (more
mature), with fibroblastic tissue in the center produc-
ing immature bone by metaplasia, is in sharp contrast
to surface osteosarcoma, in which the bone formation
starts in the center. In fact, the most prominent feature
in the diagnosis of myositis ossificans is the recognition
of this zoning pattern, which was first described by Ack-
erman (203). It consists of a tumor-like structuring in
three areas, reflecting different degrees of cellular mat-
uration (see Fig. 2-15). The central zone is composed
of an undifferentiated mesenchyme with a high-grade
mitotic activity (Fig. 2-130A); the intermediate zone is
composed of a variable amount of unmineralized wo-
ven bone intermingled with fibroblasts and osteoblasts
(Fig. 2-130B); and in the peripheral zone the osteoid
undergoes calcification and is remodeled into mature
lamellar bone (Fig. 2-130C). The histologic distinction
of parosteal osteosarcoma from myositis ossificans is
analogous to the radiologic zonal phenomenon. The
heterotopic ossification of myositis ossificans matures
in a centripetal fashion, the most mature portion of the
lesion being the outermost. In parosteal osteosarcoma
and higher grade malignant tumors, the outer, advanc-

ing portion of the lesion usually is the least mature. As
for fracture callus, the problem with the microscopic
diagnosis of myositis ossificans involves the interpreta-
tion of early stage biopsies when complete maturation
has not yet occurred and the tissue resembles that of
sarcoma because of slight signs of pleomorphism in the
cartilage and the large basophilic osteoblasts. However,
in myositis ossificans the cells lack anaplasia, even in
the zone where mitotic figures are numerous (203).
The other important feature of myositis ossificans is a
rather orderly production of bone, especially at the pe-
riphery of the lesion (203,358).

Bizarre parosteal osteochondromatous proliferation (BPOP,
Nora lesion) (341,357) is a rare lesion, regarded as a form
of heterotopic ossification [although cytogenetic
changes that have recently been described put in ques-
tion the lesion’s nonneoplastic nature (463)], and
should not be mistaken for parosteal osteosarcoma. It
most commonly affects the bones of the hands and feet,
but the long bones are affected in about 25% of re-
ported cases. Radiographs typically show a heavily calci-
fied or ossified mass with a broad base attached to the
underlying cortex, which is normal in appearance, al-
though occasionally may show signs of invasion (288).
The contour of the mass is usually smooth, but it may be
slightly lobulated (Fig. 2-131A,B). In contrast to osteosar-
coma, the mass is smaller, shows bizarre cartilage forma-

A B

C

Figure 2-129 Histopathology of fracture callus. A: Callus
with irregular arrangement of fibrous cartilage (clearer areas)
and woven bone (darker areas) resembles chondrosteoid of os-
teosarcoma. Osteoblastic rimming of trabeculae (upper left and
lower right) and the presence of loose fibrous tissue in the mar-
row spaces helps in differentiation from low-grade osteosar-
coma (hematoxylin and eosin, original magnification �25). B:
Marrow at some distance from the fracture line exhibits small
foci of necrosis (right) and new irregular trabeculae of lamellar
bone filling former vascular sinus. These findings constitute an
expression of low-grade vascular disturbances after fracture and
are not found in osteosarcoma (hematoxylin and eosin, original
magnification �25). C: The fracture line is seen crossing the
newly formed bone (upper right to lower middle). New cancel-
lous bone is present in the marrow space. Here the reparative
character of the new bone is obvious (hematoxylin and eosin,
original magnification �25).
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Figure 2-130 Histopathology of myositis ossificans. A: Cen-
tral zone of myositis ossificans shows predominantly spindle
cell tissue with a disorderly arrangement, producing collagen
matrix (hematoxylin and eosin, original magnification �50).
B: The intermediate zone reveals immature bone matrix for-
mation. The cellularity of this tissue might cause concern and
lead to an erroneous diagnosis of osteosarcoma (hematoxylin
and eosin, original magnification �50). C: At the periphery of
myositis ossificans, there is mature lamellar bone formation
(hematoxylin and eosin, original magnification �12).

tion and irregular short bone trabeculae, and does not
invade the adjacent soft tissues. Histologic examination
reveals a large amount of hypercellular cartilage showing
transformation to trabecular bone, with frequent spin-
dle cells in the intertrabecular spaces (Fig. 2-131C). Bi-
nucleated cells are common and there may be a consid-
erable osteoblastic activity. This appearance can lead to
an incorrect diagnosis of parosteal osteosarcoma.

Occasionally, parosteal osteosarcoma must be differ-
entiated from osteochondroma, because this tumor may
contain chondroid areas arranged like a cap of an os-
teochondroma (see Fig. 2-104D). According to Dahlin
and Unni (9), the presence of an intertrabecular spin-
dle cell component in the former tumor is an impor-
tant differential point.

Histologic Differentiation

As mentioned previously, high-grade central osteosar-
coma is by far the most common form of osteosarcoma.
It is defined as a tumor with cytologic signs of high-
grade malignancy, which forms a tumor bone matrix in
very different quantities, from very little, as in telang-
iectatic osteosarcoma, to abundant, as in the sclerotic
osteoblastic form of medullary osteosarcoma.

In osteoblastic osteosarcoma the formation of wo-
ven bone occurs in a mostly primitive trabecular or
more plate-like manner (see Fig. 2-81A). If bone matrix
formation is very conspicuous, resembling that of com-

pact bone (Fig. 2-132), and with a corresponding radi-
ographic image of very high and homogeneous density,
a multicentric osteosarcoma must be suspected and
sought by use of various radiologic modalities. It should
be kept in mind, however, that in the monostotic os-
teoblastic form of osteosarcoma the bone matrix is not
necessarily mineralized and that this tumor may radi-
ographically present as a lytic lesion. Giant cell reparative
granuloma, or so-called solid aneurysmal bone cyst, may
cause considerable difficulty in differentiation from an
osteosarcoma of low or intermediate grade malignancy
with moderate bone formation, because the fibroblasts
may show some polymorphism and mitoses and the
bone formation may appear to be quite irregular. How-
ever, atypical mitoses are never seen. The radiographic
features are usually helpful. Fibrous dysplasia can be dif-
ficult to differentiate from low-grade osteosarcoma with
a high grade of differentiation (see previous discus-
sion). The lack of osteoblasts rimming trabeculae in fi-
brous dysplasia is helpful in making this distinction.

In addition to formation of osteoblastic matrix by os-
teosarcomas, other types of matrix formation may be
found. Chondroblastic osteosarcoma usually displays a
fairly well-differentiated cartilaginous matrix, often
with only moderate cytologic signs of malignancy but
without the typical lobular pattern and the hyaline car-
tilage of well-differentiated chondrosarcoma (366). A char-
acteristic feature is the indistinct transition from the
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cartilaginous matrix into bony matrix (Fig. 2-133), the
latter pointing to the osteoblastic nature of the tumor.
This substance with intermediate characteristics be-
tween cartilage and osteoid is called chondrosteoid by
most authors (345), and it may be also present in frac-
ture callus. Another tumor that must be differentiated
from chondroblastic osteosarcoma is dedifferentiated
chondrosarcoma, in which features of a high-grade os-
teosarcoma are found side by side with a well-differenti-
ated chondrosarcoma (Fig. 2-134). The demarcation is
very clearly delineated, unlike chondroblastic osteosar-
coma, in which the delineation is not sharp and chon-
droblastic and osteoblastic matrices may merge into
one another (see Fig. 2-133B). In clear cell chondrosar-
coma bone formation may be substantial. However, this
bone does not represent tumor bone but rather is reac-
tive (Fig. 2-135). Furthermore, the cartilage cells are
larger than those in conventional chondrosarcoma and
chondroblastic osteosarcoma, and their cytoplasm
ranges from perfectly clear to eosinophilic.

Fibroblastic osteosarcoma consists of a three-di-
mensional interwoven pattern of collagen fibers
formed by malignant spindle cells of variable pleo-
morphism and quantity. This tumor must be differen-
tiated from fibrosarcoma. In particular, areas of spindle
cells and homogeneous eosinophilic material, as
encountered in fibroblastic osteosarcoma, may be in-
distinguishable from fibrosarcoma (223), as the latter,
especially its sclerosing epithelioid variant, occasion-
ally contains areas of homogeneous eosinophilic ma-
terial that can resemble osteoid (201,213,340). In this

situation special stains such as van Gieson or Goldner
can be helpful. On the other hand, the formation of
tumor osteoid in osteosarcoma may be scant and must
be carefully searched for (Fig. 2-136). Usually, the typ-
ical herring-bone pattern of true fibrosarcoma is ei-
ther absent or indistinct, which may be helpful in
distinguishing osteosarcoma sparse in osteoid from
fibrosarcoma. Malignant fibrous histiocytoma (MFH)
rarely shows any bone formation and in most cases is

140 — Differential Diagnosis in Orthopaedic Oncology

A,B C
Figure 2-131 Nora lesion. Anteroposterior (A) and lateral (B) radiographs of the small finger show an ossific mass adjacent to
the posteromedial cortex of the proximal phalanx. C: Hyaline cartilage (top) borders somewhat irregular bone trabeculae
formed by endochondral ossification and containing remnants of cartilage matrix, closely resembling osteochondroma. Loose
fibrous tissue within the marrow spaces contains wide sinusoid capillaries (hematoxylin and eosin, original magnification �12).

Figure 2-132 Histopathology of osteoblastic osteosar-
coma. In the marrow spaces around a trabecula (lower cen-
ter), there are newly formed, irregular, and smaller tumor
bone trabeculae, which are fully mineralized and are sur-
rounded by tumor cells (non-decalcified preparation, Goldner
trichrome, original magnification �50).
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A B
Figure 2-133 Histopathology of chondroblastic osteosarcoma. A: Osteoblastic tumor tissue with moderate osteoid forma-
tion (delicate red structures) extending into the periosteum (dense, reddish diagonal structure in upper right corner) (van Gieson,
original magnification �25). B: Marrow space with two old trabeculae (upper right and lower middle) and tumor chondros-
teoid (osteoid and cartilage matrix merging into one another without clear delineation) is typical of many osteosarcomas
(hematoxylin and eosin, original magnification �50).

A B

C

Figure 2-134 Histopathology of dedifferentiated chon-
drosarcoma with an osteosarcoma component. A: An
area of well-differentiated chondrosarcoma (upper right) is
sharply demarcated from dedifferentiated tumor showing
osteoblastic differentiation within remnants of cancellous
bone (lower left) (hematoxylin and eosin, original magnifica-
tion �25). B: Almost entirely cellular, dedifferentiated tumor
tissue with scanty tumor bone formation and remnants of
cancellous bone (lower right) (hematoxylin and eosin, origi-
nal magnification �25). C: The dedifferentiated portion of
tumor exhibits a delicate network of tumor osteoid (red)
(van Gieson, original magnification �25).
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characterized by the cartwheel or storiform pattern of
fibers and cell arrangement (Fig. 2-137). In the giant
cell–rich variant of MFH, giant cells may be numer-
ous, unlike fibrosarcoma and fibroblastic osteosar-
coma, in which they are sparse or absent. In this case,
distinction from the giant cell–rich variant of osteosar-
coma may create some problems (219). Both giant
cell–rich osteosarcoma and MFH may contain giant
cells in equal numbers and forms, so that some
authors consider MFH to represent only a variant of
osteosarcoma. Desmoplastic fibroma is easy to differenti-
ate from osteosarcoma because in the former the
fibroblasts are monomorphic and very evenly distrib-
uted within the tissue, and no tumor bone formation
is present (see Fig. 4-58).

Telangiectatic osteosarcoma and giant cell–rich
osteosarcoma resemble each other in their moderate
content of giant cells but differ in the number and size
of blood-containing spaces resembling blood vessels,
which are conspicuous in the former. Both tumors usu-
ally contain very little bone. In differentiating giant cell
tumor from these two malignancies, it is important to
note that the number and size of giant cells in giant cell
tumor are much greater than in the two mentioned
variants of osteosarcoma, whereas bone formation in a
giant cell tumor is rarely present and is usually scant. In
some giant cell tumors, however, the number and size
of the giant cells may be reduced to the point that
makes differentiation extremely difficult. In this situa-
tion the radiologic findings are essential. Telangiectatic

142 — Differential Diagnosis in Orthopaedic Oncology

A B

B

Figure 2-135 Histopathology of clear cell chondrosarcoma resembling osteosarcoma. A: A considerable amount of new
reactive bone (not produced by tumor cells) makes differentiation from osteosarcoma almost impossible. Meticulous search
for areas typical of clear cell chondrosarcoma, such as depicted in Figures 3-96 and 3-97, is essential (hematoxylin and eosin,
original magnification �50). B: In other areas there is evidence of small woven bone trabecula formation, mimicking that of
osteosarcoma. Identification of cartilage tumor cells is essential for the diagnosis of chondrosarcoma (hematoxylin and eosin,
original magnification �50).

A
Figure 2-136 Histopathology of fibroblastic osteosarcoma resembling fibrosarcoma. A: Areas without bone formation
are very much like those of high-grade fibrosarcoma (hematoxylin and eosin, original magnification �25). B: In another sec-
tion of this tumor, the tumor tissue is composed of spindle cells with distinct pleomorphism (upper right). Formation of tumor
woven bone trabeculae (left) points to the diagnosis of fibroblastic osteosarcoma (hematoxylin and eosin, original magnifica-
tion �25).
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osteosarcoma contains enlarged capillary vessels sur-
rounded by highly pleomorphic tumor tissue and
may also contain elements of a true aneurysmal
bone cyst surrounded by normal connective tissue. Dif-
ferentiation from aneurysmal bone cyst may be difficult
in such instances. In fact the confusion between telang-
iectatic osteosarcoma and aneurysmal bone cyst repre-
sents one of the most treacherous pitfalls in tumor
pathology (272,309) (Fig. 2-138). The hallmark of os-
teosarcoma is the presence of anaplastic cells with atyp-
ical mitoses that are not present in the aneurysmal
bone cyst (Fig. 2-139). Some authorities suggested that
morphometric studies may be of help in differentiating
these two entities (387).

Small cell osteosarcoma must be differentiated from
Ewing sarcoma, primitive neuroectodermal tumor (PNET),
lymphoma, and mesenchymal chondrosarcoma (253). It is es-
sential to look for a sparse bone formation in osteosar-
coma (see Figs. 2-85, 5-25). However, in some Ewing
sarcomas, reactive woven bone formation may be
found, and this may be misinterpreted as tumor bone
formation, thus causing an erroneous diagnosis of
small cell osteosarcoma (43). Immunocytochemical
methods and molecular analyses are helpful in distin-
guishing these tumors from one another, because os-
teosarcomas in contrast to Ewing sarcomas do not show
a t(11;22) translocation as can be revealed by FISH.
CD99 (Mic 2), however, expressed in almost all cases of
Ewing sarcoma family, and in the past thought to be
specific for Ewing tumor may also be positive in small
cell osteosarcoma (415).

Mesenchymal chondrosarcoma may contain a popula-
tion of small cells indistinguishable from that of small
cell osteosarcoma. However, according to Fechner and
Mills (13), mesenchymal chondrosarcoma has sharply
demarcated nests of low-grade cartilage and small cell
osteosarcoma contains osteoid.

Lymphoma can be eliminated by the absence of pan-
leukocytic markers such as CD45 [formerly known as
leukocyte common antigens (LCA)], and PNET of bone
will demonstrate evidence of neuroendocrine differen-
tiation in the form of positive staining for neuron spe-
cific enolase, Leu 7, synaptophysin, chromogranin, or
other neural markers, and may demonstrate Homer
Wright–type rosettes (13).

A B

Figure 2-137 Histopathology of malignant fibrous histiocytoma. A: Densely arranged spindle cells, showing considerable
pleomorphism and hyperchromatism of the nuclei resembling a cartwheel-like pattern (upper left), may help to distinguish
this tumor from fibroblastic osteosarcoma (hematoxylin and eosin, original magnification �50). B: In another area of this tu-
mor, loose myxoid arrangement of tumor tissue (middle) may be helpful in the differential diagnosis (hematoxylin and eosin,
original magnification �50).

Figure 2-138 Histopathology of aneurysmal bone cyst re-
sembling telangiectatic osteosarcoma. A cystic area (up-
per) is bordered by a seam of flat undifferentiated cells inter-
mingled with some small giant cells. Immediately below
there is formation of considerable amounts of primitive wo-
ven bone rimmed with osteoblasts. Bone formation extends
far down into the solid fibrous tissue (lower left), which ap-
pears myxoid. Here several larger giant cells of the osteoclast
type lie near the bone. Bone formation may be erroneously
interpreted as osteosarcoma (hematoxylin and eosin, origi-
nal magnification �25).
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Low-grade intraosseous osteosarcoma should be
differentiated from fibrous dysplasia and desmoplastic fi-
broma. Bertoni et al. (220) reported two such tumors
that on histopathologic examination exhibited irregu-
lar bony seams in a spindle cell stroma simulating
“Chinese characters” or “psammoma-like” appearance
of bone formation typical for fibrous dysplasia. Al-
though in both low-grade central osteosarcoma and fi-
brous dysplasia the fibroblastic stroma has a bland ap-
pearance and variable amounts of bone production is
present, one can usually separate these lesions (300).
The most helpful histologic features for distinguish-
ing these entities are the presence of permeation, sub-
tle cytologic atypia, and mitotic activity in osteosar-
coma. Furthermore, the spindle-shaped nuclei in the
latter tumor tend to be longer and more slender than
the short plump nuclei of fibrous dysplasia (300). Oc-
casionally, a prominent spindle cell proliferation may

be present in low-grade central osteosarcoma accom-
panied by scattered thin-walled gaping vessels and
heavy collagenization as seen is desmoplastic fibroma
(220). However, the distinguishing feature is a small
amount of osteoid production that is generally pres-
ent in osteosarcoma, but is absent in fibrous dysplasia.

Osteosarcomas secondary to Paget disease and
those evolving in bone infarcts usually do not cause
problems in differential diagnosis because the primary
lesions have characteristic appearances. In some cases,
however, these characteristics may be obscured by the
tumor tissue and must then be meticulously sought. As
always, correlation with radiologic imaging features, in-
cluding studies obtained prior to tumor development,
are very important.

The radiologic and pathologic differential diagnosis
of various subtypes of osteosarcoma is depicted in
Figures 2-140 through 2-147.
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A B
Figure 2-139 Histopathology of telangiectatic osteosarcoma resembling aneurysmal bone cyst. A: A low-power
photomicrograph shows vascular areas very similar to those characteristic of aneurysmal bone cyst (hematoxylin and eosin,
original magnification �15). B: At high magnification solid areas of the tumor show significant pleomorphism of malignant
cells and hyperchromatism of their nuclei. Also seen is osteoid production by the tumor cells (hematoxylin and eosin, original
magnification �400).
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Figure 2-140 Radiologic and pathologic
differential diagnosis of conventional
osteosarcoma.

Figure 2-141 Radiologic and patho-
logic differential diagnosis of small cell
osteosarcoma.
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Figure 2-142 Radiologic and patho-
logic differential diagnosis of telan-
giectatic osteosarcoma.

Figure 2-143 Radiologic and patho-
logic differential diagnosis of low-
grade central osteosarcoma.
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Figure 2-144 Radiologic and patho-
logic differential diagnosis of multicen-
tric osteosarcoma.

Figure 2-145 Radiologic and
pathologic differential diagno-
sis of parosteal osteosarcoma.
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Figure 2-146 Radiologic and patho-
logic differential diagnosis of pe-
riosteal osteosarcoma.

Figure 2-147 Radiologic and patho-
logic differential diagnosis of soft
tissue osteosarcoma.
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Diagnosis of a bone lesion as originating from cartilage
is usually a simple task for the radiologist. The lesion’s

radiolucent matrix, scalloped margin, and annular,
punctate, or comma-shaped calcifications usually suf-
fice to establish its chondrogenic nature (Fig. 3-1).
However, whether a cartilage tumor is benign or malig-
nant is sometimes extremely difficult for the radiologist
and the pathologist to determine (33,49,62,70).

All cartilage tumors, whether benign or malignant,
exhibit a positive reaction for S-100 protein (54). This is
sometimes diagnostically useful, as most other bone
tumors do not display this reaction. Histologically, carti-
lage tumors are usually recognized by the features of
their intercellular matrix, which has a uniformly translu-
cent appearance and contains less collagen compared
with the intercellular matrix of osteoblastic tumors, such
as osteoblastoma and osteosarcoma. The tumor cells
themselves are usually located in rounded spaces (lacu-
nae), as in normal cartilage. In benign cartilage tumors,
such as enchondroma, the tissue is sparsely cellular (Fig.
3-2). The cells, typically with small, dark-staining nuclei,
fail to show the cytologic features that are characteristic
of chondrosarcoma, such as large nuclei; pleomor-
phism; large, swollen chondroblastic and double nuclei;
and mitoses. The tumor tissue is usually avascular, and
areas of degenerate and calcified matrix are common.
Calcification is sometimes followed by vascularization
and replacement by bone, as in normal endochondral
ossification. Because of their slow growth, enchondro-
mas erode and expand the overlying cortical bone (Fig.
3-3) but do not invade it, unlike chondrosarcomas.
Nevertheless, some slow-growing, low-grade chondrosar-
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Figure 3-1 Cartilage-forming tumor. The radiologic char-
acteristics of a radiolucent matrix, scalloped margin, and
annular and comma-shaped calcifications establish the
chondrogenic nature of this lesion (in this example—
chondrosarcoma).

Figure 3-2 Histopathology of a benign cartilage lesion.
Sparsely cellular tissue and uniform-sized chondrocytes lo-
cated in rounded lacunae are characteristic features of en-
chondroma (hematoxylin and eosin, original magnification
�235).

A B

Figure 3-3 Histopathology of enchondroma. A: Whole-
mount section (hematoxylin and eosin) shows the tumor
eroding the cortex (endosteal scalloping). B: On higher
magnification there is no evidence of invasion (hematoxylin
and eosin, original magnification �183).
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comas can masquerade as enchondromas, and some
aggressive-looking benign cartilage lesions may be mis-
takenly diagnosed as chondrosarcomas. Moreover, it is
important to be aware of the capricious biological behav-
ior displayed by cartilage tumors. Some benign-appear-
ing lesions of cartilage may behave in an aggressive or
malignant manner, whereas tumors that present an omi-
nous appearance on radiologic or histologic examina-
tion may show limited progression.

Clinically, malignancy is suggested by a variety of
signs, including development of pain in a previously
asymptomatic lesion (e.g., malignant transformation of
enchondroma to chondrosarcoma), development of
swelling or a mass at the site of a lesion, or rapid growth
of a lesion (e.g., malignant transformation of osteochon-
droma to chondrosarcoma). Radiologically, the pres-
ence of a periosteal reaction, destruction of the cortex,
and a soft tissue mass are almost pathognomonic fea-
tures of malignancy (25). The histopathologic features
of a malignant cartilage tumor include the presence of
hypercellular and pleomorphic tumor tissue, apprecia-
ble numbers of plump cells with large or double nuclei,
invasion (permeation) of bone trabeculae, and infiltra-
tion of Haversian systems and bone marrow (Fig. 3-4).
However, these obvious features of malignancy may be
not so prominent in biopsy specimen, or only a few areas
in such a specimen may reveal the diagnostic features of
malignancy. As Dahlin and Unni (13) pointed out, in
the pathologic evaluation it is necessary to examine
many fields in these tumors to be certain that there is
sufficient evidence for a diagnosis of malignancy be-
cause evidence that a tumor is a chondrosarcoma rather
than a benign enchondroma is frequently found in iso-
lated areas within the mass. Therefore, it is of para-
mount importance to obtain biopsy specimens from
several areas of a tumor. Close cooperation among the
clinician, the radiologist, and the pathologist in review-
ing the history, the radiologic examination, and the
biopsy specimens is crucial to reaching a conclusion on
the exact nature of a cartilage lesion.

From the radiologic standpoint, the differential
diagnosis of cartilage lesions should focus on the fol-
lowing three points:

1. Distinguishing a benign cartilage tumor from the
noncartilaginous lesions (e.g., calcifying enchon-
droma from bone infarct; enchondroma located
near the articular end of bone from giant cell
tumor, osteoarthritic geode, or intraosseous gan-
glion; or chondromyxoid fibroma from aneurys-
mal bone cyst).

2. Distinguishing a benign cartilage tumor from a
malignant one (e.g., enchondroma from low-
grade chondrosarcoma; osteochondroma from
exostotic chondrosarcoma; periosteal chondroma
from periosteal chondrosarcoma; or synovial
chondromatosis from synovial chondrosarcoma).

3. Distinguishing a malignant cartilage tumor from a
noncartilaginous lesion [e.g., chondrosarcoma at
the articular end of bone from giant cell tumor or
from malignant fibrous histiocytoma (MFH); or
periosteal chondrosarcoma from periosteal os-
teosarcoma].

From the histopathologic standpoint, because the mi-
croscopic features of cartilage lesions are obvious and
characteristic, focus should be directed to the following:

1. Recognition of the varieties of benign cartilage tu-
mors (e.g., enchondroma, periosteal chondroma,
chondroblastoma, chondromyxoid fibroma) and
various subtypes of chondrosarcoma (e.g., clear
cell, mesenchymal, or periosteal).

2. Recognition of benign versus malignant tumor
(e.g., enchondroma vs. well-differentiated chon-
drosarcoma; chondromyxoid fibroma vs. myxoid
chondrosarcoma; or chondroblastoma vs. mes-
enchymal chondrosarcoma).

3. Differentiation of chondrosarcoma from other
malignant tumors that contain cartilage (e.g.,
from chondroblastic osteosarcoma or periosteal
osteosarcoma).

Benign Lesions

Enchondroma

Enchondroma is the second most common benign tu-
mor of bone and is characterized by the formation of
mature hyaline cartilage. It constitutes about 10% of all
benign bone tumors and represents the most common
tumor of the phalanges of the hand. Several theories
have been postulated regarding its etiology. Among
these is that the enchondroma develops from abnor-
mal zones of dysplastic chondrocytes in the growth
plate. These abnormal foci fail to undergo normal en-
dochondral ossification; instead, they are deposited
within the metaphysis and, as the bone grows, are dis-
placed into the diaphysis (49). Customarily, a lesion lo-
cated centrally in the bone is called an enchondroma,
whereas one located outside the cortex is called a chon-
droma (periosteal or juxtacortical). Separate groups

160 — Differential Diagnosis in Orthopaedic Oncology

Figure 3-4 Histopathology of chondrosarcoma. Note
invasion of trabeculae by markedly cellular tissue of chon-
drosarcoma (hematoxylin and eosin, original magnification
�25). (Courtesy Dr. M. J. Klein, Birmingham, Alabama.)
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consist of lesions (a) located in the soft tissues and (b)
located in the joint, bursa, or in the tendon sheath.
The former are called soft tissue chondromas and the
latter synovial chondromatosis (69).

Clinical Presentation

Although the tumor may occur at any age, most cases
arise between the second and fourth decades; there is no
sex predilection. The short, tubular bones of the hand
and foot (phalanges, metacarpals, and metatarsals) are
preferred sites, followed in frequency by the femur,
humerus, tibia, and ribs (Fig. 3-5). The lesion is often
asymptomatic and usually is discovered incidentally due
to a pathologic fracture through the tumor.

The single most important complication of the le-
sion is malignant transformation to chondrosarcoma.
In a solitary enchondroma this occurs predominantly
in a long or flat bone and almost never in a short tubu-
lar bone. An important clinical sign is development of
pain at the site of the lesion in a previously asympto-
matic patient and in the absence of a fracture.

Imaging

Radiography is usually sufficient to demonstrate the le-
sion and to establish its chondroid character. In short,
tubular bones, the lesion is often entirely radiolucent
(Fig. 3-6), but in long bones it may display visible calcifi-
cations (24). This flocculent mineralization usually
assumes the form of dots, rings, and arcs, giving a “pop-
corn” appearance (Fig. 3-7). If the calcifications are ex-
tensive, the lesion is called a calcifying enchondroma
(Fig. 3-8). The cortex is usually thinned and expanded
in a symmetric, fusiform fashion. The often cloudy or
hazy appearance of a lesion provides a clue to its chon-
droid composition (18). The lesion can also be recog-
nized by scalloped inner cortical margins, reflecting the
lobular growth pattern of cartilage (Fig. 3-9). Computed
tomography (CT) and magnetic resonance imaging
(MRI) may further delineate the tumor and more pre-
cisely localize it in the bone (Fig. 3-10). Because in long
bones enchondroma may present as a radiolucent lesion
with poorly defined margins, particularly in areas where
trabeculae are sparse or absent (diaphysis), MRI may be
extremely helpful in revealing the exact size and extent
of the tumor (Fig. 3-11) (74). Like most cartilaginous
and fibrous lesions, enchondroma exhibits low to inter-
mediate signal intensity on T1-weighted images and high
signal intensity on T2-weighted sequences. On gradient
echo sequences the lesion may appear less bright than
on conventional T2-weighted images (see Fig. 3-11E).
The calcifications image either as signal void or as low-
signal-intensity foci. After administration of gadolinium,
enchondroma demonstrates a typical pattern of signal
enhancement, which is helpful in distinguishing this le-
sion from noncartilaginous tumors (52,218).

Histopathology

On histologic examination, enchondroma consists of
lobules of hyaline cartilage of variable cellularity and
can be recognized by the features of its intercellular
matrix, which has a uniformly translucent appearance

common sites

less common sites

Enchondroma

age: 15-40
M:F = 1:1

Figure 3-5 Enchondroma: skeletal sites of predilection,
peak age range, and male-to-female ratio.
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A B
Figure 3-6 Enchondroma in short tubular bones. A: Typical, purely radiolucent lesion at the base of the proximal phalanx
of the ring finger in a 37-year-old woman. Note the marked attenuation of the ulnar side of the cortex. B: Radiolucent lesion
at the base of the proximal phalanx of the thumb with a pathologic fracture.

A B

Figure 3-7 Enchondroma in a long bone. Anteropos-
terior (A) and lateral (B) radiographs of the femur show
a radiolucent lesion with “popcorn” calcifications.

162

5480_Greenspan_Ch03p158-256.qxd  7/19/06  3:24 PM  Page 162



CHAPTER 3 Cartilage (Chondrogenic) Lesions — 163

Figure 3-8 “Calcifying enchondroma.” A heavily calcified
lesion in the proximal humerus of a 58-year-old woman.

and contains relatively little collagen (Fig. 3-12A). The
lesion may slightly erode the endosteal surface of corti-
cal bone; however, no invasion of Haversian systems is
present. The tumor cells are located in lacunae. The
tissue is sparsely cellular and the cells contain small,
dark-staining nuclei (Fig. 3-12B). Binucleated cells and
small nucleoli are sometimes present (51) (Fig. 3-12C).
Calcifications are common and correspond to matrix
calcifications or actual endochondral ossifications at
the periphery of cartilage lobules (Fig. 3-13). Enchon-
dromas located in the short tubular bones of hands and
feet may exhibit increased cellularity, plump nuclei,
and occasionally even binucleated cells.

Only a few cytogenetic studies with similar results
have been reported on enchondromas, periosteal
chondromas, and soft tissue chondromas, which are
therefore discussed together. Flow cytometry studies re-
vealed DNA-diploid peaks, although DNA-aneuploidy
has rarely been observed (2,35). Most chondromas con-
tain clonal chromosomal abnormalities involving chro-
mosomes or chromosomal regions 4q, 5, 7, 11,14q,
16q22–q24, 20, and particularly rearrangements of chro-
mosome 6 and 12q12–q15 (8). Tumor-specific anom-
alies, however, were not detected.

Periosteal (Juxtacortical) Chondroma

Periosteal or juxtacortical chondroma, a slow-growing
lesion, affects the surface of a bone in or beneath the
periosteum. Preferred sites include the proximal
humerus, femur, tibia, and the phalanges of the hand

(52). This is an uncommon neoplasm, accounting for
about only 0.66% of bone tumors in the Mayo Clinic se-
ries (56). Periosteal chondroma was first described by
Lichtenstein and Hall in 1952 (39). It occurs in chil-
dren and adults (most commonly in the second and
third decades), who usually present with a history of
pain and local tenderness, often accompanied by
swelling at the involved site.

The radiographic appearance is rather characteristic
(6,65). The lesion is small and is located on the surface
of the bone (Fig. 3-14). As it enlarges, it erodes the
underlying cortex in a saucer-like fashion, displaying a
sclerotic rim and producing a buttress of periosteal new
bone formation (15). The lesion may contain calcifica-
tions (Fig. 3-15). CT may show the scalloped cortex, ma-
trix calcification (Fig. 3-16), and cortical shell (28,36). It
also may demonstrate the separation of a lesion from the
medullary cavity, an important feature in differentiation
from osteochondroma (26). MRI findings correspond to
radiographic findings, depicting the cartilaginous soft
tissue component (76). If periosteal chondroma affects
the medullary canal, MRI may be useful in depicting
the extent of involvement (Fig. 3-17). Fat suppression

Text continues on page 169

Figure 3-9 Enchondroma. A radiolucent lesion exhibits cen-
tral calcifications and scalloped inner cortical margins, reflect-
ing the lobular growth pattern of cartilage.
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Figure 3-10 Enchondroma: magnetic reso-
nance imaging (MRI). Anteroposterior (A) and
lateral (B) radiographs of the knee of a 61-year-
old man show a few calcifications in the distal
femur (arrows). The nature and extent of the le-
sion cannot be adequately determined. Coronal
(C) and sagittal (D) T1-weighted MRI demon-
strates a well-circumscribed, lobulated lesion
with intermediate signal intensity. The darker
area in the center represents calcifications.
E: Coronal T2-weighted image shows the lesion
displaying a mixed-intensity signal. The brighter
areas represent cartilaginous tumor and the
darker areas represent calcifications.
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Figure 3-11 Enchondroma: magnetic resonance imag-
ing. Anteroposterior (A) and lateral (B) radiographs
show an almost nondiscernible lesion in the distal femur.
Coronal (C) and sagittal (D) T1-weighted sequences
reveal the full extent of the lesion. E: On T2* (MPGR) im-
age, enchondroma (arrows) is not as bright as on conven-
tional T2-weighted images.
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Figure 3-12 Histopathology of enchondroma. A: At low
magnification the lesion exhibits hyaline cartilage of low to
moderate cellularity (hematoxylin and eosin, original mag-
nification �50). B: At higher magnification the chondro-
cytes with darkly stained nuclei are seen to be located in the
lacunae (hematoxylin and eosin, original magnification
�100). C: Occasionally binucleated cells may be present
(hematoxylin and eosin, original magnification �150) (C,
courtesy of Dr. K. K. Unni, Rochester, Minnesota.)

A B

C

Figure 3-13 Histopathology of enchondroma. Cartilage lob-
ules are surrounded by a narrow rim of bone, representing
endochondral ossification (hematoxylin and eosin, original
magnification �250).
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Figure 3-14 Periosteal chondroma. A: Radiolucent lesion erodes
the external surface of the cortex of the proximal humerus (arrow) of
a 24-year-old man. B: Well-defined, saucer-like erosion of the cortex
of the proximal phalanx is characteristic of periosteal chondroma.
(Reprinted from Bullough PG. Atlas of orthopedic pathology, 2nd ed.
New York: Gower, 1992:16.22.) C: Metaphyseal periosteal chon-
droma affecting the fifth metacarpal bone erodes the cortex and
evokes the buttress of periosteal reaction (arrow).

A B

C
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Figure 3-15 Periosteal chondroma. A lesion displaying calci-
fications erodes the medial cortex of the femoral neck (arrow).
The buttress of a periosteal reaction seen at the inferior border
of the lesion (open arrow) is characteristic of periosteal chon-
droma.

A B

C

Figure 3-16 Periosteal chondroma: com-
puted tomography (CT). A: Radiograph
shows a lesion with calcifications eroding
the medial cortex of the distal fibula (ar-
row). CT using a bone window (B) and a
soft tissue window (C) better demon-
strates the extent of the lesion and the dis-
tribution of the calcifications.
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or enhanced gradient echo sequences may improve
tumor–marrow contrast (5). The potential pitfall of MRI 
is marrow edema mimicking tumor invasion or vice 
versa (76). Unlike enchondroma and osteochondroma,
periosteal chondroma may continue to grow after skele-
tal maturation (20). Some lesions may attain a large size
(up to 6 cm) and may resemble osteochondromas (26)
(Fig. 3-18; also see Fig. 3-34). Some lesions may mimic an
aneurysmal bone cyst. Very rarely the lesion may encase
itself intracortically, thus mimicking other intracortical
lesions such as intracortical angioma, intracortical fi-
brous dysplasia, intracortical bone abscess (1), or osteoid
osteoma (63,67).

On histologic examination, the findings are identi-
cal to those of enchondroma, although the lesion

sometimes exhibits a higher level of cellularity, occa-
sionally with atypical and binucleated cells (Fig. 3-19).
Well-formed lamellar bone or fibrous connective tissue
separates the cartilaginous nodules, and in some in-
stances deposition of calcium can be observed (16).

Enchondromatosis, Ollier Disease, and
Maffucci Syndrome

Enchondromatosis is a condition marked by multiple
enchondromas, usually involving the metaphyses and
diaphyses (21). If skeletal involvement is extensive
(42), and particularly if the involvement is unilateral
[resembling the original case described by Ollier
(50,58,59,72)], the term “Ollier disease” is applied

A B

C

Figure 3-17 Periosteal chondroma:
magnetic resonance imaging (MRI).
A: Large lesion blends imperceptibly
with the medial fibular cortex and ex-
tends into the medullary cavity. In such
a presentation, differential diagnosis
must include enchondroma protuber-
ans and chondrosarcoma. Coronal
proton-density (SE, TR 2000, TE 19) (B)
and sagittal T2-weighted (SE, TR 2000,
TE 70) (C) MRI shows the lesion’s exten-
sion into the bone marrow.
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(68). There is no hereditary or familial tendency in this
disorder, which some investigators consider to be devel-
opmental rather than neoplastic, classifying it as a form
of bone dysplasia caused by failure of normal endo-
chondral ossification (45). The femur, tibia, and ilium
are the most commonly affected bones (72), followed
by the phalanges, metacarpals, and metatarsals. Much
less often the lesions involve the facial bones, skull,
spine, carpal, and tarsal bones (17,48) (Fig. 3-20).

Maffucci syndrome is a congenital, nonhereditary
disorder, characterized by enchondromatosis and soft
tissue angiomatosis (hemangiomatosis) (19). The latter
may occur anywhere in the skin and subcutaneous tis-
sue. The hemangiomas are usually cavernous and may
be unilateral or bilateral, localized or extensive. The
skeletal lesions in Maffucci syndrome have predilection
for tubular bones and have the same distribution as
those in Ollier disease, with a strong predisposition for
one side of the body (75). The most frequent sites of
enchondromas are the metacarpals and the phalanges
of the hands (37).

Recent investigations suggest that Ollier disease and
Maffucci syndrome represent two entities within a con-
tinuum of the disease multiple enchondromatosis and
that both conditions bear the risk of mesodermal as
well as nonmesodermal malignancy (27).

Clinical Presentation

The condition has a strong preference for involvement
of one side of the body. The clinical manifestations, such

as knobby swellings of the digits or gross disparities in
limb length, are commonly recognized during child-
hood and adolescence. The affected child often begins
to limp during the second year of life as a disparity in leg
length becomes apparent (long bones that are affected
are always shorter because the growth plate is involved).
Pain is uncommon and when present is usually due to a
pathologic fracture (52). Ollier disease is often arrested
at puberty but may occasionally progress after that time.
The most common and severe complication of Ollier
disease is malignant transformation of one or more en-
chondromas to chondrosarcoma (34,41) (see Figs. 3-118
and 3-119). Schajowicz (68) believed that about 30% of
the patients with Ollier disease will develop chondrosar-
coma, but Jaffe (30) and Mirra et al. (49) have estimated
that risk to be as high as 50%. However, because patients
with enchondromatosis or Ollier disease may develop
hundreds of enchondromas, the statistical risk of one
given lesion to undergo malignant degeneration is prob-
ably not higher than in solitary enchondroma. Unlike
solitary enchondromas, in patients with enchondro-
matosis even lesions in the short tubular bones may un-
dergo sarcomatous changes. This is particularly true in
patients with Maffucci syndrome (73).

Imaging

The radiographic appearance of enchondromatosis in-
volving the hands and feet is quite characteristic. Radi-
olucent masses of cartilage with foci of calcifications
closely resembling solitary enchondromas markedly de-
form the bones (Fig. 3-21). Enchondromas in this loca-
tion may be intracortical and periosteal (50). They
sometimes protrude from the shaft of the short or long
bone, thus resembling osteochondroma (Fig. 3-22).
However, unlike osteochondroma, these protruding
enchondromas have neither a cartilaginous cap nor a
bony stalk. Also unlike osteochondroma, the protru-
sions do not point away from the adjacent joint (50). In
the long bones, columns of radiolucent streaks extend
from the growth plate into the diaphysis. Coalescence
of metaphyseal enchondromas often causes asymmetric
enlargement of the long bones and flaring of the meta-
physes. Interference with the growth plate causes fore-
shortening and deformity of the bones (Fig. 3-23). In
the pelvis, and particularly in the iliac bones, a fan-like
linear pattern is characteristic (Fig. 3-24). Maffucci syn-
drome is recognized radiographically by multiple calci-
fied phleboliths in addition to the typical alterations of
enchondromatosis (Fig. 3-25) (45).

Histopathology

Histologically, the lesions in enchondromatosis are es-
sentially indistinguishable from those of solitary en-
chondromas, although they sometimes tend to be
predominantly myxoid, more cellular, and may exhibit
more cellular atypia (Fig. 3-26). Mitoses and prominent
nucleoli are uncommon, and anaplasia is not observed
(13). However, binucleated cells are often present.

Both Ollier disease and Maffucci syndrome occur spo-
radically although familial cases have been described
(44). In a molecular genetic study Hopyan et al. (29)
demonstrated a mutation in the gene of the parathyroid
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Figure 3-18 Periosteal chondroma. Large lesion eroding
the cortex of the proximal humerus resembles a sessile os-
teochondroma. Note the periosteal reaction and separation
of the tumor from the medullary cavity by a cortex, features
that help in the differentiation from osteochondroma.
(Courtesy Dr. K. K. Unni, Rochester, Minnesota.)
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A B

C

Figure 3-19 Histopathology of periosteal
chondroma. A: At the interface with adjacent
cortex, the cartilaginous tumor (right) erodes the
bone (hematoxylin and eosin, whole-mount sec-
tion). B: The tumor tissue is more cellular than
conventional enchondroma, and some cells ap-
pear atypical (hematoxylin and eosin, original
magnification �100). C: Hyaline cartilage with a
rather dense cell population, slight cell pleomor-
phism, and signs of cell proliferation. These his-
tologic variations are compatible with a benign
cartilage lesion in a periosteal location (hema-
toxylin and eosin, original magnification �200).
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hormone receptor 1 (PTHR1), one germline and one so-
matic mutation, in two of six patients with Ollier disease
leading to an abnormal signaling and, in transgenic
mice, to enchondroma-like lesions. However, in an
extensive study on 23 enchondromas and 18 chon-
drosarcomas from 31 patients with enchondromatosis,
Rozeman et al. (66) could not confirm these findings or
demonstrate any different mutation in the PTHR1 gene.

Only two other genetic analyses in chondrosarcomas
developing in enchondromatosis have been reported so
far. Using cytogenetics, Ozisik et al. (60) showed an in-
terstitial deletion [del(1)(p11p31.2)] at the short arm of
chromosome 1, whereas Bovée et al. (7) observed loss of
heterozygosity (LOH: loss of one allele in the tumor
DNA compared to normal germline DNA of an individ-
ual) at 13q14, the locus of the tumor suppressor gene
RB1 (retinoblastoma gene), and at 9p21 among others
where two cell cycle regulating genes (p15/p16) are lo-
cated.

Differential Diagnosis

Radiology

The main differential diagnosis in solitary enchon-
droma, particularly when it is located in long bones

172 — Differential Diagnosis in Orthopaedic Oncology

Figure 3-20 Enchondromatosis (Ollier disease): skeletal
sites of predilection, peak age range, and male-to-female
ratio.

Figure 3-21 Enchondromatosis (Ollier disease). Large,
lobulated cartilaginous masses markedly deform the bones
of the hand.
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Figure 3-22 Enchondromatosis (Ollier disease). Multiple
lesions are observed in the phalanges and metacarpals. 
The intracortical lesion in the metaphysis of the fourth
metacarpal protrudes from the bone (arrow), thus resem-
bling an osteochondroma.

Figure 3-23 Enchondromatosis (Ollier disease).
Anteroposterior radiograph of both legs of a 17-
year-old boy shows growth stunting and marked
deformities of the tibiae and fibulae.
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and exhibits substantial calcifications (“calcifying
enchondroma”), is medullary bone infarct (Fig. 3-27). At
times the two lesions are difficult to distinguish from
one another because of similar calcifications, particu-
larly when the enchondroma is small. A number of ra-
diographic features can be helpful in the differential
diagnosis. These include lobulation of the margins of
an enchondroma, punctate or annular calcifications
within the matrix, and absence of the peripheral scle-
rotic fibro-osseous wall commonly observed in bone in-
farcts (18). Mineral deposits also tend to exhibit a more
central distribution, and the calcifications often have a

Figure 3-24 Enchondromatosis (Ollier disease). Anteroposterior radiograph of the pelvis demonstrates crescent-shaped
and ring-like calcifications in tongues of cartilage extending from the iliac crests and the proximal femora, classic features of
Ollier disease.

Figure 3-25 Maffucci syndrome. Radiograph of the hand
reveals typical changes of enchondromatosis, accompanied
by calcified phleboliths in soft tissue hemangiomas.
(Reprinted from Bullough PG. Atlas of orthopedic pathology,
2nd ed. New York: Gower, 1992:14.9.)

Figure 3-26 Histopathology of enchondromatosis. Lobu-
lar and cellular appearance of cartilaginous nodules. These
lesions usually exhibit more cellularity than is seen in solitary
enchondroma (hematoxylin and eosin, original magnifica-
tion �100).
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Figure 3-27 Medullary bone infarct. A: Anteroposterior ra-
diograph of the proximal tibia shows the typical coarse calci-
fications of bone infarct. Note the sharply defined peripheral
margin separating infarcted from viable bone and the lack of
annular and comma-shaped calcifications characteristic for
cartilage tumor (compare with Fig. 3-28). B: In a medullary
bone infarct, seen here in the proximal humerus of a 36-
year-old man with sickle cell disease, there is no endosteal
scalloping of the cortex, and the calcified area is surrounded
by a thin, dense sclerotic rim, the hallmark of a bone infarct.
C: In another patient with a bone infarct in the distal femur,
a computed tomography section reveals central calcifica-
tions and no endosteal scalloping of the cortex.
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markedly stippled appearance (Fig. 3-28). Although
the ring-like calcifications typical of enchondroma are
occasionally present in medullary bone infarct, they are
usually larger and have thicker walls. As a rule, bone in-
farct, unlike enchondroma, does not expand bone con-
tours (51) except in rare cases of encystification (57)
(see Fig. 7-54). The distribution of the medullary bone
infarcts that commonly affect the proximal and distal
femur and the proximal tibia may be helpful in the dif-
ferential diagnosis.

The most difficult task for the radiologist is to distin-
guish a large solitary enchondroma from a slowly grow-
ing low-grade chondrosarcoma (53). One of the most
significant findings pointing to a chondrosarcoma in
the early stage of development is localized thickening
of the cortex (Fig. 3-29). Deep endosteal scalloping
(greater than two thirds of cortical thickness) is an-
other sign of possible malignancy (53). The size of the
lesion should also be taken into consideration: lesions
longer than 4 cm are suggestive of malignancy (Fig. 
3-30). In advanced lesions, destruction of the cortex,
periosteal reaction of aggressive type, and the presence
of a soft tissue mass are the hallmarks of malignancy.

It is equally important to distinguish sarcomatous
transformation in patients with Ollier disease and Maf-
fucci syndrome. Radiography will reveal intralesional
radiolucencies and cortical destruction associated with
a soft tissue mass (see Fig. 3-118).

If enchondroma, particularly in a short, tubular
bone, extends to the articular end of the bone, giant

cell tumor should be included in the differential diagno-
sis. The latter contains no calcifications, an important
differential clue. However, some enchondromas may
not display visible calcifications. In addition, giant cell
tumor usually lacks a sclerotic border. In the long,
tubular bones, this distinction is much easier because
enchondroma, unlike giant cell tumor, only rarely ex-
tends into the articular end of bone (Fig. 3-31). En-
chondroma may mimic solitary bone cyst, although the
latter is a rare occurrence in the short, tubular bones. If
an enchondroma is found in the distal phalanx of the
hand and does not contain calcifications, an epidermoid
cyst is a differential possibility.

An intracortical enchondroma, or an enchondroma
that causes nonsymmetric cortical expansion, may be
mistaken for osteochondroma (see Fig. 3-22). However, the
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Figure 3-29 Low-grade chondrosarcoma. A 48-year-old
woman presented with pain in the upper leg. Radiograph
shows a radiolucent lesion in the proximal tibia with a wide
zone of transition and central calcifications. Note the thick-
ening of the cortex, a feature that distinguishes chondrosar-
coma from similarly appearing enchondroma.

Figure 3-28 Enchondroma. Typical appearance of annular
and stippled calcifications within a radiolucent lesion.
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distribution of the mineral matrix visualized within en-
chondroma usually helps to distinguish the two entities.

Enchondroma protuberans may create a problem in
diagnosis (10). Enchondroma protuberans has been
defined as an exophytic enchondroma of a long bone,
although it may affect a rib as well (31). It arises in the
medullary cavity but penetrates the cortex, forming a
prominent exophytic mass on the surface of bone, and
thus can mimic any surface lesion (e.g., osteoma, osteo-
chondroma, periosteal chondroma, myositis ossificans). It also
should be distinguished from chondrosarcoma, either
primary or one developing in a preexisting enchon-
droma. Further distinction must be made from the si-
multaneous occurrence of an osteochondroma and an
enchondroma in the same bone (64) (Fig. 3-32).

Ollier disease almost never creates a diagnostic
problem. Only occasionally the Jansen type of meta-
physeal chondrodysplasia, a skeletal disorder manifested
by radiologically detectable, generalized, symmetric
metaphyseal abnormalities, may mimic the former
condition. Widening and flaring of the metaphyses
and irregularity of the zones of provisional calcifica-
tion may be mistaken for enchondromas. However,
other features of this dysplasia, such as rhizomelic

A,B C
Figure 3-30 Low-grade chondrosarcoma. A: Conventional radiograph in a 48-year-old man shows a cartilaginous lesion in
the proximal right humerus. Although the cortex is not thickened, the length of the lesion (15 cm) suggests malignancy.
Coronal T1-weighted (B) and T2-weighted (C) magnetic resonance imaging shows heterogeneous signal intensity, which
may be seen in both enchondroma and chondrosarcoma. On biopsy, the tumor proved to be a low-grade chondrosarcoma.

Figure 3-31 Enchondroma resembling giant cell tumor.
The lesion extends into the articular end of the distal radius
and therefore may mimic a giant cell tumor. However, unlike
the latter, there are a few faintly visualized calcifications and
a sclerotic margin.
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short-limb dwarfism, enlarged joints, craniofacial
changes including large skull with frontonasal hyper-
plasia, and hyperostosis of the cranial vault and base
of the skull, should be helpful in arriving at the cor-
rect diagnosis.

Periosteal chondroma should be radiographically
differentiated from a variety of other periosteal le-
sions (e.g., periosteal ganglion, periosteal Ewing sarcoma),
as well as from myositis ossificans and tumoral calcinosis.
Features of myositis ossificans have been described in
the section on extraskeletal osteosarcoma. The pat-
tern of zoning phenomenon is diagnostic of the for-
mer lesion. Features of tumoral calcinosis (Fig. 3-33)
have been described in the section on synovial sar-
coma (see Chapter 9).

A large periosteal chondroma may closely resemble
sessile osteochondroma and vice versa. The key to distin-
guishing between these two lesions is the separation
of periosteal chondroma from the medullary portion
of the bone by intervening cortex (26) (Fig. 3-34).
Conversely, in a typical osteochondroma the cortex of
the host bone merges with the cortex of the lesion,
and continuity exists between the medullary cavity of
the host bone and the exostosis (see Fig. 3-38B). An-
other useful characteristic is the value of attenuation
coefficient of the lesion, as determined from CT
scans: the base of the osteochondroma, composed
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Figure 3-32 Differential diagnosis of enchondroma protuberans.

Figure 3-33 Tumoral calcinosis. Although soft tissue calcifi-
cation may look very similar to that of periosteal chondroma,
there is no bone erosion and no periosteal buttress formation.
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mainly of trabecular bone, shows higher numbers for
this variable than does the cartilaginous matrix of
periosteal chondroma.

Pathology

The main problem is to distinguish benign enchon-
droma from low-grade chondrosarcoma. In the majority of
cases, particularly if the histologic picture is typical and
the lesion is not cellular, this distinction does not create
a problem (see Figs. 3-2 and 3-3). However, if the lesion
is cellular, and particularly if it affects the long bones,
(Fig. 3-35), the pathologist must take care not to con-

fuse an enchondroma with a low-grade chondrosar-
coma and vice versa.

Cell atypias and uneven distribution of cells may be
found to a higher degree in enchondromas of the
hands and feet without prognostic significance. How-
ever, when an enchondroma is located in long, tubular
bones, particularly in the humerus and femur, or in
bones of the trunk, slight histologic atypias have prog-
nostic significance. From observations of large series
over long periods it is known that tumors with these
characteristics may recur once or several times and may
progress to a chondrosarcoma of intermediate or high

Figure 3-34 Periosteal chondroma resembling osteochondroma. A: Lateral radiograph shows a bony excrescence arising
from the posterior cortex of the distal femur that looks like a sessile osteochondroma (continued).

A
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B

C

Figure 3-34 Continued B: Conventional tomography shows calcifications at the base of the lesion and lack of interruption
of the posterior cortex of the femur. C: Computed tomography section demonstrates lack of communication between the
medullary portion of the femur and the lesion, thus excluding the diagnosis of osteochondroma. (A and C, reprinted
with permission from Greenspan et al. Periosteal chondroma masquerading as osteochondroma. Can Assoc Radiol J
1993;44:205–210.) D: In another patient the lateral radiograph of the proximal leg demonstrates a lesion in the fibula that
may represent either a sessile osteochondroma or a periosteal chondroma.

D
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E F

Figure 3-34 Continued E: Sagittal T1-weighted (SE, TR 600, TE 20) magnetic resonance imaging (MRI) reveals that the le-
sion is brighter than the fibula’s bone marrow and the anterior fibular cortex does not interrupt medullary continuity, sug-
gesting a diagnosis of osteochondroma. F: This diagnosis is further confirmed with axial T2-weighted (SE, TR 2000, TE 80)
MRI that shows unequivocally not only the merging of the medullary portions of the lesion and the host bone, but a cartilagi-
nous cap (bright signal), characteristic of osteochondroma (arrow).

A B
Figure 3-35 Low-grade chondrosarcoma. A: Chondrocytes with a subtle degree of pleomorphism and abnormal nuclei
with open chromatin and visible nucleoli are irregularly distributed within a chondroid matrix (hematoxylin and eosin, original
magnification �100). B: Destruction of the bone trabeculae surrounded by chondroblastic tumor tissue that infiltrates the
marrow spaces, and a dense arrangement of chondrocytes correspond to grade 2 tumor (hematoxylin and eosin, original
magnification �50).
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grade, or even to a dedifferentiated chondrosarcoma.
Furthermore, enchondroma lobules are often encased
by newly formed lamellar bone.

The microscopic distinction between benign carti-
lage of enchondromatosis and low-grade chondrosarcoma
is difficult (16). Necrosis and myxoid stroma strongly
favor the diagnosis of chondrosarcoma (23).

Histologically, periosteal chondroma must be differ-
entiated from periosteal chondrosarcoma (see Figs. 3-112
and 3-113) and periosteal osteosarcoma (see Figs. 2-109
and 2-110). The latter lesion, however, is usually grade
2 or 3, exhibits a diaphyseal location, and contains os-
teoid or, less commonly, mature bone.

The radiologic and pathologic differential diagnosis
of enchondroma and periosteal chondroma is depicted
in Figure 3-36.

Soft Tissue Chondroma

These rare lesions occur preferentially in the soft tis-
sues of hands and feet. A soft tissue chondroma lo-
cated close to a joint is known as a paraarticular chon-
droma (22,47). Because these lesions exhibit a wide
range of cytologic variations, as in the case of cartilage
tumors of bone, they are commonly misdiagnosed as
chondrosarcomas (18). They have no predilection for
either gender and most patients are 20 years or older,
with a mean occurrence during the fourth and fifth
decades (9). These lesions are usually small, ranging
from 2 to 4 cm. On radiographic studies they present
as well-defined soft tissue masses, often (33% to 77%)
with calcifications similar to those seen in enchon-
droma (78). They are not attached to the periosteum
or cortex of a bone and are not found within the con-
fines of a joint capsule or tendon sheath (3,12,77). On
histopathologic examination soft tissue chondromas
consist of masses of hyaline cartilage, which are com-
monly lobulated and sometimes partially myxoid (18).
In addition, some lesions are hypercellular and exhibit
hyperchromatic nuclei. These features, which are also
seen in enchondromas of small tubular bones, are not
indicative of malignancy. Soft tissue chondromas may
contain focal areas of fibrosis, hemorrhage, necrosis,
calcification, ossification, or granuloma formation
(3,77). Electron microscopy shows typical features of
cartilage cells, with abundant rough endoplasmic retic-
ulum, free ribosomes (55), and short irregular mi-
crovillous processes surrounded by aggregates of cal-
cium crystals (9).

Recently, nonrandom clonal alterations of chromo-
somes 6, 11, and 12 have been reported in soft tissue
chondromas, including supernumerary ring chromo-
somes containing material from chromosome 12
(14,43,71). Molecular analysis has shown that the so-
called HMGA2 gene located at 12q15 (high mobility
group gene, coding for a small non-histone-chromatin-
associated protein implicated in the architectural or-
ganization of chromatin, thus influencing transcription
and playing a role in growth and development) ap-
pears to be involved in soft tissue chondroma and other
cartilaginous tumors, and also in lipomas (11,40).

Differential Diagnosis

Radiology
The main differential possibility is periosteal chondroma.
This lesion is, however, attached to the periosteum or
cortex and usually produces a cortical erosion and but-
tress of periosteal reaction. Myositis ossificans can result
in a mineralized mass; however, it exhibits a classic zon-
ing phenomenon, whereas calcifications in the soft tis-
sue chondroma are distributed in a haphazard pattern.
Synovial chondromatosis is a condition affecting joints
and tendon sheaths, and CT or MRI is usually able to
identify intra-articular or within the tendon sheath lo-
cation. Benign mesenchymoma of soft tissue may contain
calcifications. These lesions are composed primarily of
mature hyaline cartilage. The difference between soft
tissue chondroma and mesenchymoma is that the latter
may also contain adipose and vascular elements (46).
Lesions reported in the literature as soft tissue osteochon-
dromas may appear similar to soft tissue chondromas, al-
though in addition to calcifications they also may
contain bony elements (38).

Tumoral calcinosis usually presents on radiography as a
well-defined lobulated calcific mass, exhibiting a layer-
ing effect when imaged with a horizontal beam (4,61)
(see Fig. 3-33).

Soft tissue chondrosarcomas are rare lesions (77). Un-
like soft tissue chondromas they almost never occur in
the hands and feet, their preferred sites being in the
proximal parts of extremities and buttocks. Synovial
sarcoma exhibits a soft tissue mass and, in approxi-
mately 25% to 30% of reported cases, calcifications.
It is usually accompanied by destruction of adjacent
bones.

Pathology
In general, soft tissue chondromas are so characteristic
that problems in differential diagnosis rarely arise, al-
though hypercellular lesions with hyperchromatic nu-
clei may be confused with chondrosarcomas. However,
extraskeletal chondrosarcomas are almost always of
myxoid or mesenchymal type, are rarely located in the
hands and feet, and contain a prevailing small-cell com-
ponent. Because no extraosseous low-grade chon-
drosarcoma composed of pure hyaline cartilage has yet
been reported, this diagnosis can be excluded (32).
Nevertheless, soft tissue extensions of intraosseous
grade 1 chondrosarcoma must be ruled out.

Calcifying aponeurotic fibroma, mainly occurring in the
hands and feet of children, contains foci of cartilage.
However, in contrast to well-demarcated and lobulated
soft tissue chondromas, these lesions are ill-defined
and tend to infiltrate the surrounding soft tissues.
Synovial chondromatosis is, by definition, located within
synovial tissue and consists of multiple cartilaginous
nodules. Myxoid changes in soft tissue chondroma may
lead to the erroneous diagnosis of extraskeletal myxoid
chondrosarcoma, which, however, preferentially occurs
in the lower extremities and not in the hands and feet.
In addition, this tumor is larger and more cellular,
containing round cells with scant eosinophilic cyto-
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A

Figure 3-36 Radiologic and pathologic differential diagnosis of enchondroma (A) and periosteal chondroma (B).

B
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plasm arranged in cords and clusters. These features
are absent in soft tissue chondroma (77).

The radiologic and pathologic differential diagnosis
of soft tissue chondroma is shown in Figure 3-37.

Osteochondroma (Osteocartilaginous 
Exostosis)

Clinical Presentation

Osteochondroma, the most common benign bone le-
sion (representing about 45% of all benign bone
tumors and 12% of all bone tumors) (13), is a carti-
lage-capped bony projection on the external surface of
a bone. Usually diagnosed before the third decade, it
most commonly involves the metaphyses of long
bones, particularly around the knee and the proximal
humerus. In general, the lower extremities are more
often affected than the upper extremities. The flat
bones, including the scapula, ilium, and clavicle, are
much less commonly affected (Fig. 3-38). The lesion,
which possesses its own “growth plate,” usually stops
growing at skeletal maturity. Only sporadic cases of
spontaneous resolution have been reported (113). Os-
teochondroma is asymptomatic unless it causes pres-
sure on adjacent muscles, nerves, or blood vessels
(97), as well as on adjacent bone, occasionally with
consequent fracture (116). Other complications have
been reported, such as fracture of the lesion itself (84)
and inflammatory changes of the bursa exostotica cov-

ering the cartilaginous cap (79,86,92) (see Figs. 3-54
and 3-55). Malignant transformation to chondrosar-
coma is very rare, occurring in less than 1% of solitary
lesions (see Fig. 3-52). Pain (in the absence of a frac-
ture, bursitis, or pressure on nerves) and a growth
spurt or continued growth of the lesion beyond skele-
tal maturity are highly suspicious for this complication
(110) (Table 3-1).

Variants of osteochondroma include subungual ex-
ostosis, turret exostosis, traction exostosis, bizarre
parosteal osteochondromatous proliferation (BPOP),
florid reactive periostitis, and dysplasia epiphysealis
hemimelica (also known as intraarticular osteochon-
droma) (88,107,115).

Imaging

Radiographic presentation of osteochondroma depends
on the type of lesion (107). The pedunculated osteo-
chondroma manifests with a slender pedicle, which is
usually directed away from the neighboring growth plate
or joint (Fig. 3-39A). The sessile osteochondroma ex-
hibits a broad base attached to the cortex (Fig. 3-39B).
In either type, the most important identifying features
are that the cortex of the host bone merges without in-
terruption with the cortex of the osteochondroma and
that the cancellous portion of the lesion is continuous
with the medullary cavity of the adjacent diaphysis. Calci-
fications in the chondroosseous portion of the stalk 
of the lesion are also typical features (Fig. 3-40). CT

Calcifying
aponeurotic fibroma

Figure 3-37 Radiologic and pathologic differential diagnosis of soft tissue chondroma.
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scanning can establish unequivocally the continuity of
cancellous portions of the lesion and the host bone (Fig.
3-41). These characteristics distinguish this lesion from
the occasionally similar-appearing bone masses of os-
teoma, juxtacortical osteosarcoma, soft tissue osteosar-
coma, and juxtacortical myositis ossificans (see Fig. 2-6).
CT or MRI examination demonstrates the cartilaginous
cap (51) (Fig. 3-42). On MRI the cartilaginous cap shows
a high signal intensity on T2-weighted and gradient echo
sequences. A narrow band of low signal intensity
surrounding the cap represents the perichondrium
(91,102) (Fig. 3-43). Small areas of various degrees of
signal void and low signal intensity represent cartilage
calcifications. Gadolinium-enhanced MRI may be help-
ful in demonstrating peripheral enhancement in osteo-
chondroma, corresponding to fibrovascular tissue cover-
ing the nonenhancing cartilage cap (91) (Fig. 3-44).

Ultrasound (sonography) may also be a valuable
modality for measuring the thickness of the cartilagi-
nous cap of osteochondroma (107). In fact, the investi-
gations conducted by Malghem et al. (105) revealed
that this technique was more accurate than CT and
quite similar to MRI in evaluation of cap thickness. Dis-
advantages of ultrasound included operator depend-
ence, inability to evaluate deep lesions, and inability to
evaluate the osseous component of osteochondroma.

Scintigraphy shows variably increased uptake by the
lesion (87). The intensity of activity is directly corre-
lated with the degree of chondral ossification (101).
However, the main use of scintigraphy is to search for
multiple lesions, when only a single osteochondroma
has been discovered by radiography.

Histopathology

Histologically, the cap of the osteochondroma is com-
posed of hyaline cartilage arranged similarly to a
growth plate. A zone of provisional calcification is
present, corresponding to the areas of calcifications in
the chondroosseous portion of the stalk (Fig. 3-45).
Deeper parts of the stalk show fatty marrow that
merges with normal hematopoietic marrow of the host
bone. The thickness of the cartilaginous cap ranges
from 1 to 3 mm and rarely up to 1 cm. Greater thick-
ness may imply the possibility of transformation to
chondrosarcoma (18). A delicate, fibrous membrane
known as the perichondrium, representing a continua-
tion of the periosteum of the adjacent cortex, overlies
the cartilaginous cap (see Fig. 3-45D). With age
the cap atrophies and in some instances disappears
completely (51).

Multiple Hereditary Osteochondromata
(Hereditary Osteochondromatosis)

Classified by some authorities among the bone dys-
plasias, multiple osteochondromata, also known as mul-
tiple osteocartilaginous exostoses, familial or hereditary
osteochondromatosis, or diaphyseal aclasis, represent
an autosomal dominant, hereditary disorder (96), with
incomplete penetrance in females (103). Approxi-
mately 66% of affected individuals have a positive

Osteochondroma

age: 10-35
M:F = 2:1

common sites

less common sites

Figure 3-38 Osteochondroma: skeletal sites of predilec-
tion, peak age range, and male-to-female ratio.
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Pain (in the absence of fracture, bursitis, Enlargement of the lesion Radiography (comparison
or pressure on nearby nerves) Indistinct or irregular lesion’s with earlier radiographs)

surface
Focal areas of radiolucency Radiography

within the lesion
Growth spurt (after skeletal maturity) Development of a bulky CT, MRI

cartilaginous cap, usually
2–3 cm thick

Dispersed calcifications in Radiography
the cartilaginous cap Conventional tomography

Development of a soft tissue Radiography, CT, MRI
mass with or without
calcifications

Increased uptake of isotope Scintigraphy (planar and
after closure of growth plate SPECT)
(not always reliable)

Table 3-1 Clinical and Radiologic Features Suggesting Malignant Transformation of Osteochondroma

Clinical Features Radiologic Findings Imaging Modality

CT, Computed tomography; MRI, magnetic resonance imaging; SPECT, single-photon emission computed tomography.

A B

Figure 3-39 Osteochondroma. A: Pedunculated
variant. The typical pedunculated type of osteo-
chondroma is seen arising near the proximal
growth plate of the right humerus in a 
13-year-old boy. B: Sessile variant. Broad-based
osteochondroma is seen here arising from the
medial cortex of the proximal diaphysis of the
right humerus in a 14-year-old boy. Note that in
both lesions the cortex of the host bone merges,
without interruption, with the cortex of the le-
sion, and the medullary portion of both lesions
and the medullary cavities of the adjacent bones
communicate.
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Figure 3-40 Osteochondroma. The lesion exhibits calcifica-
tions in the chondroosseous zone of the stalk.

A B
Figure 3-41 Osteochondroma: computed tomography (CT). A: Lateral radiograph of the knee shows a calcified lesion at
the posterior aspect of the proximal tibia (arrows). The exact nature of this lesion can not be ascertained. B: CT clearly estab-
lishes the continuity of the cortex, which extends without interruption from the osteochondroma into the tibia. Note also that
the medullary portion of the lesion and the tibia communicate.

family history (81). The specific genetic abnormalities
have recently been detected, with three distinct loci on
chromosomes 8, 11, and 19 (81,104,117). There is a de-
cided 2:1 male predilection (Fig. 3-46). The lesions are
usually discovered at about 2 years of age. The knees,

hips, ankles, and shoulders are the most commonly af-
fected sites and growth disturbances are often present,
primarily in the forearms and legs (111). There is evi-
dence of defective metaphyseal remodeling, with defor-
mation of affected bones and asymmetric retardation
of longitudinal bone growth (16). The radiologic fea-
tures are similar to those of a solitary osteochondroma;
the sessile form of the lesion is more common (Figs. 3-
47 to 3-51).

The Langer-Giedion syndrome, also known as
trichorhinophalangeal syndrome type II, is character-
ized in addition to multiple osteochondromas by
craniofacial dysmorphism and mental retardation. It is
due to deletion of 8q24. Similar to the former disorder
is Potocki-Shaffer syndrome, characterized by multiple
osteochondromata, enlarged parietal foramina, and
sometimes craniofacial dysostosis and mental retarda-
tion (80).

The pathologic features of multiple osteochondro-
mata are the same as those of solitary lesions (99).
Malignant transformation to chondrosarcoma [and in
rare instances to other types of sarcoma (80)] in os-
teochondromatosis is more common than in solitary
lesions, not only because of the greater number of
lesions present but because of the higher risk for ma-
lignant transformation of each lesion. However, esti-
mated figures from older literature (ranging from 5%
to 25%) seem to be too high, mainly because they
have been obtained from large tumor referral centers.
Recent investigations point to a much lower percent-
age (1%–3%) of sarcomatous transformation of these
lesions (111,114). Lesions at the shoulder girdle and
around the pelvis are usually at greater risk for this
complication. Malignant transformation before the
age of 20 is uncommon.

As previously stated, hereditary osteochondromatosis
is a heterogeneous autosomal dominant disorder in

Text continues on page 193
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Figure 3-42 Osteochondroma: computed
tomography (CT). A: Radiograph shows a
large osteochondroma arising at the in-
tertrochanteric area of the right femur. B: CT
section shows the heavily calcified, cauli-
flower-like mass and a thin, cartilaginous
cap.

A

B

A B

C

Figure 3-43 Osteochondroma:
magnetic resonance imaging
(MRI). A: Radiograph of the right
shoulder shows a sessile lesion at the
medial aspect of the proximal
humeral diaphysis. B: T1-weighted
coronal MRI reveals that the lesion
exhibits a low signal intensity be-
cause of significant mineralization.
C: T2-weighted image shows the
thin, cartilaginous cap as an area of
high signal intensity (arrow), covered
by a linear area of low signal inten-
sity representing perichondrium
(open arrow).

188
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Figure 3-44 Osteochondroma: computed tomography (CT)
and magnetic resonance imaging (MRI). A: Anteroposterior
radiograph of the left hemipelvis of a 29-year-old man shows a
large sessile osteochondroma arising from the ilium. B: Axial CT
section demonstrates better the relationship between the lesion
and the host bone. C: The cartilaginous cap of osteochon-
droma exhibits high signal intensity on axial T2-weighted MRI.
D: After intravenous administration of gadolinium (Gd-DTPA)
there is peripheral enhancement of the fibrovascular layer
which covers the nonenhancing cartilaginous cap (arrows).

CHAPTER 3 Cartilage (Chondrogenic) Lesions — 189
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A B

C D
Figure 3-45 Histopathology of osteochondroma. A: Gross specimen of sessile osteochondroma exhibits characteristic fea-
tures of the lesion: continuity of the cortex and medullary cavity and a thin, cartilaginous cap. (Reprinted with permission
from Bullough PG. Atlas of orthopedic pathology, 2nd ed. New York: Gower, 1992:14.10.) B: The tumor consists of the hyaline
cartilage cap with strong metachromasia of the matrix. A broad zone of endochondral ossification borders the cancellous
bone containing the remnants of cartilaginous matrix (center) (Giemsa, original magnification �6). C: At higher magnification
areas of calcification are seen in the chondroosseous portion of the lesion. These areas correspond to a zone of provisional cal-
cification in the growth plate (hematoxylin and eosin, original magnification �30). D: Hyaline cartilage cap is seen at the pe-
riphery of the lesion, and beneath it transformation of cartilage into bone by endochondral ossification. A thin fibrous mem-
brane (perichondrium) loosely overlies the cartilage (hematoxylin and eosin, original magnification �60).
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Figure 3-46 Multiple osteocartilaginous exostoses: ske-
letal sites of predilection, peak age range, and male-to-
female ratio.

A

B
Figure 3-47 Multiple osteocartilaginous exostoses. A:
Radiograph of the distal forearm of an 8-year-old boy with
multiple osteochondromas shows growth disturbance in
the distal radius and ulna. B: In another patient, a 21-year-
old woman, observe growth disturbance of the proximal
fibula.
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Figure 3-48 Multiple osteocartilaginous
exostoses. A: Anteroposterior radiograph of
both knees of a 17-year-old boy shows nu-
merous sessile and pedunculated lesions. B:
Anteroposterior radiograph of the hips
shows numerous sessile osteochondromas
affecting proximal femora.

A

B
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Figure 3-49 Multiple osteocartilaginous exostoses. A: Anteroposterior radiograph of the shoulder of a 22-year-old man
with familial multiple osteochondromas demonstrates multiple sessile lesions involving the proximal humerus and scapula.
B: Involvement of the distal femur and proximal tibia in the same patient is characteristic of this disorder.

A B

which three gene loci have been identified on chromo-
somes 8q24.1 (EXT1), 11p11–p12 (EXT2), and 19p
(EXT3). So far, EXT1 and EXT2 have been cloned. These
loci encode glycoproteins that are involved in biosynthe-
sis of heparan sulfate proteoglycans. Several mutations
have been detected. On the basis of analogue findings in
the fruit fly Drosophila melanogaster, it appears that alter-
ation of heparan sulfate biosynthesis may interfere with
the normal maturation of chondrocytes, leading to
premature chondrocyte differentiation and subsequent
ossification (80,85). Because genotype–phenotype stud-
ies have shown that patients with an EXT1 mutation, as
compared to patients with an EXT2 alteration, are at
increased risk for development of severe disease and
sarcomas, screening for EXT1 mutations in these
patients appears to be advisable (89,112).

Differential Diagnosis

Radiology

The most important differential diagnosis is the distinc-
tion between benign osteochondroma and exostotic chon-
drosarcoma arising in previous exostosis. It is important to
recognize early the features that suggest malignant
transformation of osteochondroma to chondrosarcoma.
Radiologic evaluation may reveal a constellation of fea-
tures suggesting this complication: development of a

thick, bulky cartilaginous cap (usually more than 2 to 3
cm in thickness) (95,105); development of a soft tissue
mass with or without calcifications; and dispersed calcifi-
cations within the cartilaginous cap, separate from those
contained in the stalk (Fig. 3-52), a sign described by
Norman and Sissons (110). The most reliable imaging
modalities for evaluating possible malignant transfor-
mation are radiography, CT, and MRI (83,150). Radi-
ographs usually demonstrate containment of the
calcifications of osteochondroma within the stalk of the
lesion, but occasionally conventional tomography can
also be helpful (Fig. 3-53). Dispersement of the calcifica-
tions in the cartilaginous cap and increased thickness of
the cap, the cardinal signs of malignant degeneration,
can be demonstrated by any of the previously mentioned
modalities. Radionuclide bone scan can also be per-
formed and may reveal increased uptake of radiophar-
maceutical agent at the site of a lesion. Exostotic
chondrosarcoma often exhibits greater intensity of up-
take than a benign exostosis. However, a number of
investigators believe that this is not always a reliable dis-
tinguishing feature of malignant transformation (94).
The increased activity of a benign exostosis on bone scan
is related to endochondral ossification within the carti-
laginous cap, whereas that of exostotic chondrosarcoma
represents active ossification, osteoblastic activity, and
hyperemia within the cartilage and bony stalk of the
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Figure 3-50 Multiple osteocartilaginous exostoses: three-dimen-
sional computed tomography (3-D CT). A: Conventional sagittal refor-
matted CT section shows osteochondromas arising from the posterior
aspects of distal femur and proximal tibia. B, C: Three-dimensional CT
images viewed from lateral and posterior aspects of the knee show spatial
distribution of numerous osteochondromas. D: 3-D CT image of the dis-
tal femur in maximum intensity projection (MIP) shows interior
architecture of one of the sessile osteochondromas.

A B

C

D
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tumor (94). Occasionally the clinical and radiologic
features of inflammatory changes occurring in bursa
exostotica that covers the cartilaginous cap of osteo-
chondroma can mimic malignant transformation to
chondrosarcoma (Figs. 3-54 and 3-55).

On radiographic examination, the signs pointing to
malignant transformation of multiple cartilaginous
exostoses to chondrosarcoma are identical with those
present in malignant transformation of solitary osteo-
chondroma (90). After skeletal maturation has oc-
curred, alteration in a lesion’s size must be considered
a potential indicator of malignant transformation.
Particularly suggestive are alterations in the size and ir-
regularity of contour of the cartilage cap, or the
presence of mineral deposition beyond the previous con-
tour as documented by radiography (18). When such
signs are associated with signs of bone destruction at the
base or neck, or when a soft tissue mass is present, the di-
agnosis of malignancy is certain (Fig. 3-56).

An interesting lesion that can be confused with
osteochondroma is the so-called epiphyseal or intraartic-
ular osteochondroma, better known as Trevor-Fairbank
disease or dysplasia epiphysealis hemimelica (89,98). This is

a developmental disorder characterized by asymmetric
cartilaginous overgrowth of one or more epiphyses
in the lower and occasionally the upper extremities.
The talus, distal femur, and distal tibia are the most
common sites of involvement (98). The lesion typically
arises on one side of the affected limb and deforms the
bone. Males are affected approximately three times as
often as females. The basic pathologic process is
abnormal cartilage proliferation in the epiphysis, and
on histologic examination the lesion is almost identical
with osteochondroma. Dysplasia epiphysealis hemimel-
ica has been noted in association with conventional
osteochondroma, chondroma (93), and Ollier disease
(58). The clinical features are pain, deformity, and
restricted motion in the affected joints. Radiography
reveals an irregular, bulbous overgrowth of the epiph-
ysis to one side of the ossification center (Fig. 3-57).
Although CT may demonstrate the continuity of the
mass with the underlying epiphysis, MRI is more
effective in assessment of this abnormality. As the lesion
enlarges the joint deformity increases (100).

Finally, sessile osteochondroma should be differenti-
ated from periosteal chondroma (26). The latter is sepa-

Figure 3-51 Multiple osteocartilaginous exostoses: magnetic resonance imaging (MRI). Coronal (A) and axial (B) T1-
weighted (SE, TR 600, TE 20) MR images show several sessile osteochondromas affecting the proximal femora. Observe
abnormal tubulation of the bones. C: In another patient with multiple cartilaginous exostoses MRI was performed because
one of the osteochondromas continued to enlarge. Sagittal T1-weighted (SE, TR 400, TE 12) image demonstrates intact
cortex covering the lesion. D: Axial fast-spin echo (FSE, TR 4000, TE 102 Ef) MRI shows high-intensity thin cartilaginous cap of
osteochondroma without malignant changes. E: Lack of malignant transformation was confirmed on axial inversion recovery
(FMPIR/90; TR 4000, TE 51 Ef, TI 140) MRI, which shows no soft tissue extension of the lesion (arrows).

A

C,D

B

E
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Figure 3-52 Exostotic chondrosarcoma. A 28-year-old man developed pain in the popliteal region and also noted an
increase in a mass of which he had been aware for 15 years. A: Lateral radiograph of the knee shows a sessile-type osteo-
chondroma arising from the posterior cortex of the distal femur. Calcifications are present not only in the stalk of the lesion
but are also dispersed in the cartilaginous cap. B: Computed tomography section confirms the increased thickness of the
cartilaginous cap (2.5 cm) and dispersed calcifications within the cap (arrow). These features are consistent with a diagnosis of
malignant transformation to chondrosarcoma, which was confirmed by histopathologic examination.

A B

Figure 3-53 Osteochondroma resembling exostotic chondrosarcoma. A: Lateral radiograph of the ankle of a 26-year-old
woman with a painful osteochondroma shows a sessile lesion arising from the posterior aspect of the distal tibia. In the
interpretation of this radiograph, uncertainties were raised that some of the calcifications might not be contained within the
stalk, and tomographic examination was suggested. B: Tomographic section demonstrates lack of separation of calcifications
from the main mass, suggesting a benign lesion. The osteochondroma was resected and histopathologic examination
confirmed the lack of malignant transformation.

A B
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A B
Figure 3-55 Bursa exostotica. A 12-year-old girl presented with pain in the popliteal fossa. A: Coronal T1-weighted (SE, TR
650, TE 25) magnetic resonance imaging (MRI) demonstrates a large osteochondroma arising from the posterolateral aspect
of the distal femur (arrow). B: Axial T2-weighted (SE, TR 2200, TE 70) MRI shows a bursa exostotica distended with high-
intensity fluid (arrows).

Figure 3-54 Bursa exostotica. A 25-year-old man with a
known solitary osteochondroma of the distal right femur
presented with gradually increasing pain. Malignancy was
suspected and arteriography was performed. The capillary
phase of the arteriogram reveals a huge bursa exostotica.
Inflammation of the bursa, with accumulation of a large
amount of fluid (bursitis), was the cause of the patient’s
symptoms.
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rated from the host bone by intervening cortex (see also
section on differential diagnosis of periosteal chon-
droma). Differentiation of sessile osteochondroma from
occasionally similarly appearing parosteal osteosarcoma, soft
tissue osteosarcoma, and myositis ossificans should not create
a significant problem (Fig. 3-58).

Pathology

Malignant transformation of osteochondroma to chon-
drosarcoma is the most important histopathologic differ-
ential diagnosis. On histologic examination, malignant
transformation is recognized by greater cellularity of

the cartilage tissue, uneven distribution of cells without
cord- or column-like arrangement, pleomorphism, and
cellular and nuclear atypia (Fig. 3-59). Additional crite-
ria include destruction of bone trabeculae of the stalk
with invasion of marrow spaces, and invasion of the
overlying soft tissues.

The other differential possibility of osteochon-
droma is so-called reactive cartilaginous exostosis, which
differs from the former by its smaller size and the
metaplastic formation of cartilage from the fibrous tis-
sue covering a bone (108) (Fig. 3-60). The resulting fi-
brocartilage undergoes endochondral ossification, as

Figure 3-56 Multiple cartilaginous exos-
toses: malignant transformation to chon-
drosarcoma. A: Oblique radiograph of the
hand of a 22-year-old man shows multiple
osteochondromas. A large soft tissue mass
with chondroid calcifications indicates ma-
lignant transformation. B: Sagittal T1-
weighted (SE, TR 600, TE 16) magnetic
resonance imaging (MRI) reveals volar ex-
tension of a large soft tissue mass. 
C: Coronal inversion recovery (FMPIR/90,
TR 4000, TE 64/Ef) MRI demonstrates ma-
lignant lobules of the cartilage invading the
bones and soft tissues of the hand.
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Figure 3-57 Dysplasia epiphysealis hemimelica. A 12-year-old girl presented with pain and limitation of motion in the ankle
joint. Anteroposterior (A) and lateral (B) radiographs of the ankle demonstrate deformity and enlargement of the medial
malleolus, talus, and navicular bone, features typical of Trevor-Fairbank disease.

A B

in osteochondroma. Continuing formation is the re-
sult of ongoing metaplasia from the surrounding fi-
brous tissue on its surface, whereas in osteochon-
droma growth is generated by mitotic division of the
chondrocytes.

Bizarre parosteal osteochondromatous proliferation (BPOB
or Nora lesion) can be excluded by its feature of not be-
ing in continuity with the marrow cavity of underlying
bone. Furthermore, Nora lesion is characterized by a
spindle-cell stroma, irregular ossifications, and cap-like
irregularly structured cartilage; however, cellular atypia
is absent (82,106,109) (see Fig. 2-131C).

An osteochondroma in which intracartilaginous ossi-
fication has completely consumed the cartilage may be
mistaken for an osteoma if the base of the stem is not
available for histologic examination.

Chondroblastoma (Codman Tumor)

Clinical Presentation

Representing less than 1% of all primary bone tumors
and 9% of benign bone tumors, this rare lesion typically
presents in the epiphysis of long bones, such as the
humerus, tibia, and femur (121,177,178). So far, only
one case of diaphyseal chondroblastoma in a long bone
has been reported (118a). The proximal humerus, dis-

tal femur, and proximal tibia are the preferred sites of
involvement (153) (Fig. 3-61). Occasionally the patella,
which is considered equivalent to an epiphysis, is in-
volved (164). Ten percent of chondroblastomas involve
the small bones of the hands and feet, the talus and cal-
caneus representing the most common sites (125,130,
154,158,166). Only 1% of all chondroblastomas have
been reported to involve the skull (152). Involvement of
the vertebrae is exceedingly rare (144,157). The lesion
is usually seen before skeletal maturity, but some cases
have been reported after obliteration of the growth
plate (129). Males are almost twice as frequently af-
fected as females (52), although in the series from the
Armed Forces Institute of Pathology (AFIP) the ratio
was 3:1 (164). In general, the clinical symptoms are
nonspecific: pain, often related to the nearest joint, and
swelling, usually lasting for several months, are the most
common complaints (123,132). Approximately one
third of patients exhibit joint effusion (174). Pathologic
fractures occur only rarely.

Imaging

Radiographically, the lesion is usually located eccen-
trically (168). It is radiolucent and well defined, usually
with a thin sclerotic border, and it exhibits a geo-
graphic pattern of bone destruction (141) (Fig. 3-62).
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Figure 3-58 Differential diagnosis of osteo-
chondroma. Radiographic features character-
izing lesions similar in appearance to osteo-
chondroma. (Reprinted from Greenspan A.
Orthopedic imaging – a practical approach, 4th
ed. Philadelphia: Lippincott Williams & Wilkins,
2004, Fig. 18.28).
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The margins are smooth in 63% of cases, scalloped in
27%, and lobulated in 10% (161). Internal trabecula-
tion can sometimes be observed (156). In 25% to 50%
of cases, stippled calcifications are present (Fig. 3-63).
If calcifications are not apparent on standard radi-

ographs, conventional tomography or CT can be help-
ful (138) (Fig. 3-64; see also Fig. 3-62C). The latter
modality may also assess the extent of the lesion (170).
The presence of a solid or layered periosteal reaction
(123), usually located in some distance from the tumor,
was reported on conventional radiographs in more
than 50% of 214 cases in the series by Brower et al.
(126) (Fig. 3-64A; see also Fig. 3-65A). These authors
suggest an inflammatory response to the tumor as the
cause of this phenomenon. MRI usually reveals a larger
area of involvement than can be seen on radiography,
including prominent soft tissue and regional bone mar-
row edema (128,139,181) (Fig. 3-65). This strikingly ag-
gressive appearance can lead to an incorrect diagnosis
of a malignant tumor (155,180). The combination
of highly cellular chondroid matrix and calcification in
chondroblastoma presumably accounts for the observed
decrease in relaxation time on T2-weighted imaging
(128). Low to intermediate heterogeneous signal inten-
sity, lobular internal architecture, and fine lobular mar-
gins were detected with high-resolution T2-weighted
MRI (180). Focal lobules of low, intermediate, and high
signal intensity are superimposed and most likely corre-
spond to calcification, chondroid matrix, and fluid in
the lesion. In addition, MRI may demonstrate a rare ex-
tension of tumor to the soft tissues and may also reveal
a joint effusion (Fig. 3-66).

Histopathology

Before the recognition of chondroblastoma by Jaffe
and Lichtenstein in 1942, this tumor was usually re-
ferred to as epiphyseal chondromatous giant cell tumor
(127). The tumor does contain giant cells and in fact is
still occasionally misdiagnosed as giant cell tumor.
However, Jaffe and Lichtenstein (146) felt that these gi-
ant cells were not part of the primary tumor pattern
and instead pointed out its relationship to cartilage.
However, its relationship to cartilage-forming tumors
has recently been challenged. In an immunohisto-
chemistry (IHC) analysis of the matrix composition in

Figure 3-59 Histopathology of exostotic chondrosarcoma. A: A photomicrograph (same patient as in Fig. 3-52) shows
cellular chondroid tissue exhibiting slight increase in size and variation in shape of the nuclei, consistent with grade 1
chondrosarcoma (hematoxylin and eosin, original magnification �100). B: At higher magnification the malignant cells are
clearly depicted (hematoxylin and eosin, original magnification �300).

A B

Figure 3-60 Reactive cartilaginous exostosis. The lesion
consists of a cap of fibrocartilage exhibiting weak metachro-
matism of the matrix. It is formed and grows by metaplasia
from the overlying fibrous connective tissue, with a zone of
endochondral ossification against the base of cancellous
bone that contains some remnants of cartilage matrix (cen-
ter) (compare this lesion with osteochondroma, Fig. 3-45B)
(Giemsa, original magnification �6).
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56 chondroblastomas, Aigner et al. (118) were unable,
in contrast to Edel et al. (131), to demonstrate type II
collagen, the major matrix component of hyalin carti-
lage, whereas type I collagen, normally present in bone
but not in cartilage, and type III collagen were found,
the latter of which is also present in cartilage in small
amounts. Furthermore, these authors detected aggre-
can proteoglycan core protein, which is a major com-
ponent of hyalin cartilage and is also present in other
tissues. On the basis of these findings, the authors sug-
gested that chondroblastoma should be considered a
bone-forming tumor (118). However, in a study of 12
chondroblastomas, Romeo et al. (173) demonstrated
that signaling molecules of chondrocyte differentiation
[Indian Hedgehog-IHh/PTHrP/fibroblast growth fac-
tor (FGF), and fibroblast growth factor receptor
(FGFR/bcl-2 and p21)] are expressed in chondroblas-
tomas at the protein level. These authors concluded
that chondroblastoma is a neoplasm committed toward
chondrogenesis.

Most chondroblastomas are DNA diploid, as re-
vealed by flow cytometry. However, DNA near-diploid
and DNA aneuploid forms exist (151). Clonal abnor-
malities have been reported, including recurrent
structural alterations in chromosomes 5 and 8 with
rearrangements of band 8q21 in two “aggressive”
chondroblastomas (124,179). Recently, Sjögren et al.
(344) found recurrent breakpoints at 2q35, 3q21–q23,
and 18q21 in an analysis of six otherwise diploid or
near-diploid chondroblastomas.

Histologically, chondroblastoma is composed of nod-
ules of fairly mature cartilage matrix surrounded by a
highly cellular, relatively undifferentiated tissue
comprising round and polygonal chondroblast-like
cells, sometimes having indistinct outlines (176). At the
borders of the differentiated areas, giant cells of the
osteoclast or chondroclast type are usually found (174).
The nuclei of the cells are of uniform shape and moder-
ate size (125) (Fig. 3-67). They may be round but usu-
ally are indented. Mitotic figures are occasionally ob-
served (162). Foci of intercellular calcifications are
typically present. Particularly characteristic are fine,
lattice-like matrix calcifications surrounding apposing
chondroblasts and having a spatial arrangement that re-
sembles the hexagonal configuration of chicken wire
(125,138), a diagnostically useful, feature but not
mandatory for diagnosis (Fig. 3-67C, E). Although chon-
droid matrix is relatively scant in chondroblastoma, the
cells exhibit immunocytologic staining reaction for S-
100 protein identical to that of other cartilage tumors,
as well as for vimentin and neuron-specific enolase
(NSE). Occasionally, chondroblastoma may exhibit focal
expression of osteonectin and cytokeratins (131). Larger
tumors may break into the metaphysis or through the
cortex without signs of malignancy.

Pulmonary metastases have been reported in a mi-
nority of cases of chondroblastoma (49,129,137, 165a),
but no histologic evidence of malignancy has been re-
ported in either the primary bone tumor or the pul-
monary metastases (142,143). However, single cases of
spontaneous malignant transformation of chondroblas-

Figure 3-61 Chondroblastoma: skeletal sites of predilec-
tion, peak age range, and male-to-female ratio.
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Figure 3-62 Chondroblastoma. Anteropos-
terior (A) and lateral (B) radiographs of the
right knee of a 14-year-old boy show the typ-
ical appearance of this tumor in the proximal
epiphysis of the tibia (arrows). Note the radi-
olucent, eccentrically located lesion with a
thin, sclerotic margin. C: Frontal tomogram in
another patient with chondroblastoma in the
tibial epiphysis (arrows) reveals faint calcifica-
tions.

Figure 3-63 Chondroblastoma. Anteroposterior radiograph
of the left knee of a 17-year-old boy shows a large lesion
crossing the scarred growth plate of the proximal tibia
(arrows). The lesion is sharply demarcated and exhibits
calcifications of the matrix.

A B

C
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Figure 3-65 Chondroblastoma: magnetic reso-
nance imaging (MRI). A: Conventional radiograph
shows a lesion (arrowheads) with a narrow zone of
transition in the left humeral head of an 18-year-
old man. Note benign-appearing layer of periosteal
reaction along the lateral cortex (arrow). B: Coro-
nal T1-weighted (SE, TR 600, TE 20) MRI shows
significant amount of perilesional edema. C: Axial
T2-weighted (SE, TR 2000, TE 80) MRI shows the
lesion exhibiting a heterogeneous signal.

Figure 3-64 Chondroblastoma. A: Antero-
posterior radiograph of the right shoulder
of a 16-year-old boy shows a lesion in the
proximal humeral epiphysis (open arrow),
but calcifications are not well demon-
strated. Note the well-organized layer of
periosteal reaction at the lateral cortex (ar-
row). B: Computed tomography section
shows the calcifications clearly.

A B
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Figure 3-66 Chondroblastoma: magnetic resonance imaging (MRI). Sagittal proton-density (SE, TR 2000, TE 28) (A) and
axial T2-weighted (SE, TR 2000, TE 80) (B) MRI of the lesion depicted in Figure 3-63 shows extension of the tumor posteriorly
into the soft tissues (arrow).

A B

toma have been reported (169,342) and, in one case,
with DNA-aneuploidy and immunohistochemical proof
of TP53 overexpression in the recurrent, and then be-
coming malignant tumor (165).

Differential Diagnosis

Radiology

If the lesion is in the classic epiphyseal location, only a
few possibilities may be included in the radiologic differ-
ential diagnosis. The radiographic findings in chondrob-
lastoma may be nonspecific when calcifications are not
visible or when atypical features, such as extension into
the metaphysis after closure of the growth plate, or ex-
tension into the soft tissues are encountered (135). Clear
cell chondrosarcoma may be indistinguishable from chon-
droblastoma because it may exhibit the same benign pat-
tern and, moreover, like chondroblastoma the former
tumor may be seen in the immature skeleton (120,147).

Bone abscess is rare in an epiphyseal location
(119,134) (see Fig. 2-46). It may demonstrate extension
into the growth plate through a serpentine, radiolu-
cent tract. The surrounding zone of sclerosis is usually
thicker than that observed in chondroblastoma. In
addition, no calcifications are present in this lesion
and periosteal reaction is noted only in exceptional
cases.

Osteonecrosis of either the humeral or the femoral
head, although occasionally resembling chondroblas-
toma, usually exhibits classic radiographic findings,
such as a crescent sign and a rather homogeneous
density adjacent to it (136). MRI findings are also
typical, although they vary depending on the stage of
osteonecrosis.

Intraosseous ganglion is a rare lesion near the articular
surface, invariably eccentric in location, with knee, an-
kle, and shoulder joints being preferred sites (Figs. 3-68
and 3-69). It is almost never seen before skeletal matu-
ration.

Giant cell tumor, with very few exceptions, is a lesion
of the mature skeleton, and if seen before skeletal ma-
turity it is metaphyseal in location (122,167,175). In ad-
dition, it shows no calcifications (148), and sclerotic
margin is only rarely encountered.

Osteoblastoma of the epiphysis is extraordinarily rare
(159,171), its usual location being the metaphysis or
diaphysis. Enchondroma is rare in the epiphysis but
at times may appear similar to chondroblastoma.
Langerhans cell histiocytosis, like osteoblastoma and
enchondroma, is extremely rare in the epiphysis and,
unlike chondroblastoma, never presents with central
calcifications.

Recently reported intracortical chondroblastoma of
the femoral condyle radiologically mimicked intraartic-
ular osteoid osteoma (145).

Occasionally, a normal radiolucency in the proximal
humerus (representing an increased amount of cancel-
lous bone in the region of greater tuberosity seen on
end) may be mistakenly diagnosed as chondroblastoma
(140,149,172) (Fig. 3-70). Knowledge of the existence
of this normal variant may prevent the radiologist from
making this erroneous diagnosis.

Pathology

Histologically, chondroblastoma must be differentiated
from chondrosarcoma and giant cell tumor. Because large
nuclei of variable size and shape are occasionally
present in chondroblastoma, this and the presence of
mitotic figures may suggest malignancy. Overall low-
power histopathologic appearance and correlation
with radiography should help in arriving at the correct
diagnosis (125).

Because osteoclast-like giant cells usually form a part
of the histologic pattern of chondroblastoma, being
present particularly at the border of the chondroid areas
of this tumor, it may be mistaken for giant cell tumor. The
giant cells of chondroblastoma, however, can be distin-
guished from the same cells in giant cell tumor by the
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Figure 3-67 Histopathology of chondroblastoma. A: Primitive chondroblastic tissue is seen in islands surrounded by
densely arranged roundish cells. Note also many giant cells of osteo- and chondroclastic type (Giemsa, original magnification
�25). B: At higher magnification, there is pleomorphism of chondrocytes within the cartilaginous matrix, with signs of
resorption by giant cells (Giemsa, original magnification �50). C: The chondrocytes, some with ovoid and some with
elongated nuclei, are embedded in a chondroid matrix. Surrounding the cells are fine, intercellular calcifications forming a
chicken-wire image (hematoxylin and eosin, original magnification �235). D: At high magnification the chondroblasts, some
well-demarcated, and some with ill-defined borders, display nuclei of various sizes, mostly roundish in shape (hematoxylin
and eosin, original magnification �400). E: Chicken-wire-like calcifications are present around the tumor cells (von Kossa,
original magnification �400). F: Tumor cells and adjacent hyaline cartilage are positive (nuclear and cytoplasmic) for S-100
protein (biotin-streptavidin peroxidase, anti S-100, original magnification �400).
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rounded appearance of the intervening cells, in contrast
to the spindle-shaped stromal cells of giant cell tumor.
The presence of the chondroid areas indicates the true
nature of the tumor (Fig. 3-71). When further doubt ex-
ists, the matrix stain aldehyde-fuchsin at pH 1.0 is useful,
especially when combined with immunostaining for S-
100 protein (163). The chondroid matrix of chondro-
blastoma is stained by aldehyde-fuchsin purple, as are
the “chicken wire” calcifications often present around
the tumor cells. Staining for S-100 protein is present
in the cytoplasm of chondroblastoma but is absent in gi-
ant cell tumor mononuclear cells (125). Furthermore,
immunohistochemical methods may be useful in the
distinction of chondroblastoma from other noncartilagi-
nous lesions that contain giant cells, such as giant cell
reparative granuloma (133). Similarly to giant cell tumor,
the latter lesion’s mononuclear cells are usually strongly
positive for histiocytic markers such as CD68 and alpha-
1-chymotrypsin (133,160).

The radiologic and pathologic differential diagnosis
of chondroblastoma is depicted in Figure 3-72.

Chondromyxoid Fibroma

Clinical Presentation

This rare cartilage tumor, consisting of a mixture of
fibromyxoid tissue and cartilage tissue in variable
proportions and accounting for 0.5% of all primary
bone tumors and 2% of benign bone tumors, occurs pre-
dominantly in adolescents and young adults (most pa-
tients are younger than 30 years) and more commonly
in males than in females (2:1) (13). This tumor has a
predilection for the bones of the lower extremities, usu-
ally the proximal tibia (Fig. 3-73). Other locations,
including vertebrae, are rare (184,189,193,195). The
juxtacortical and intracortical sites for chondromyxoid

Figure 3-68 Intraosseous ganglion. Anteroposterior radio-
graph of the right knee shows a radiolucent lesion with a
sclerotic border eccentrically located in the articular end of
the proximal tibia, resembling a chondroblastoma.

Figure 3-69 Intraosseous ganglion. A: Anteroposterior
radiograph of the right knee of a 24-year-old man with an 
8-week history of pain shows an oval, radiolucent eccentric
lesion in the proximal tibia, resembling a chondroblastoma.
B: Computed tomography section shows a low-attenuation
area with ramifications, surrounded by a zone of reactive
sclerosis.

fibroma are very unusual (188,194,201). The clinical
symptoms include the presence of a peripherally located
mass, together with local pain and swelling (182,186,
206).

Imaging

On radiographic imaging, the lesion may range from
1 to 10 cm in size, with an average of 3 to 4 cm
(13,186). It is a round or ovoid, lucent, and eccentri-
cally located lesion exhibiting a geographic pattern of
bone destruction and a scalloped, sclerotic margin
(196,207) (Fig. 3-74). Occasionally, ridges or septa are
present within the lesion (52) (Fig. 3-75). It often
erodes or balloons out from the cortex (186), and
often a buttress of periosteal new bone can be ob-
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Figure 3-70 Pseudotumor of the greater tuberosity of
the humerus. A radiolucent area in the region of the greater
tuberosity (arrows) is a normal variant that resembles a
chondroblastoma.

served (138) (Fig. 3-76). Calcifications are not appar-
ent on radiography but may be demonstrated on CT
scans (206,208). MRI reveals characteristics of most
cartilaginous tumors: intermediate to low signal inten-
sity on T1-weighted and high signal intensity on T2-
weighted sequences (Fig. 3-77). This technique can
also effectively demonstrate soft tissue extension of
chondromyxoid fibroma (193,198).

Histopathology

Chondromyxoid fibroma is characterized by large
lobulated areas of spindle-shaped or stellate cells distrib-
uted within abundant myxoid or chondroid intercellular
material. They are separated by septum-like zones of
more cellular tissue that may contain variable numbers
of giant cells (209) (Fig. 3-78). A characteristic finding is
the increased cellularity of the tissue near the septa (13)
(Fig. 3-79). As the term “chondromyxoid fibroma” im-
plies, the variety of tissues are characteristic of this
lesion. Two types of matrix can be identified: dense
chondroid matrix, which stains basophilic, and loose
myxoid matrix, which stains eosinophilic, the latter be-

ing predominant in most chondromyxoid fibromas.
Genuine hyaline cartilage is not seen in these tumors.
Mild nuclear atypia may be observed. Not infrequently,
large pleomorphic and hyperchromatic cells are ob-
served and can lead to confusion in diagnosis with chon-
drosarcoma (203). Before the description of this entity
by Jaffe and Lichtenstein in 1948 (190), many examples
had probably been regarded as chondrosarcomas. Some
cases reported as myxomas or myxofibromas of long
bones are probably chondromyxoid fibromas (186). His-
tochemical studies demonstrate glycogen granules in
many chondroblastic elements and in the stellate cells of
the myxoid areas. The cytoplasm of giant cells of the
osteoclast type exhibits a discrete amount of periodic
acid-Schiff–positive material that is resistant to ptyalin di-
gestion and is strongly positive for acid phosphatase, as
has been observed in other giant cell lesions (202). The
cells are reported to be positive for S-100 protein (183).
In addition to the presence of type II collagen, type I,
type III, and type VI were also found in the matrix of
chondromyxoid fibroma on the protein level and in the
matrix-associated cells on the mRNA level, whereas
aggrecan was present throughout the tumor (204). As
shown by Romeo et al. (200), signaling molecules
regulating spatial expression of proteins involved in
normal cartilage differentiation and proliferation are
also expressed in chondromyxoid fibromas—however,
in a different pattern. Recent reports indicate that chon-
dromyxoid fibroma expresses smooth muscle antigen
(CMA) and CD34 in regions peripheral to the lesion
lobules but not elsewhere in this tumor (197).
Ultrastructural studies of the stellate cells in this lesion
reveal irregular cell processes, scalloping of the cell
membrane, and frequently the presence of abundant cy-
toplasmic fibrils (205).

Differential Diagnosis

Radiology

The classic radiographic findings, including round or
oval shape, eccentric metaphyseal location, lobulation,
septation, and peripheral sclerosis, are usually diagnostic
of chondromyxoid fibroma. Occasionally, however, the
lesion may be radiographically indistinguishable from an

Figure 3-71 Histopathology of chondroblastoma.
A highly cellular area of the tumor contains several
giant cells (upper right). However, the juxtaposition of
an area of chondroid matrix (lower left) indicates the
true nature of this tumor (hematoxylin and eosin,
original magnification �100). (Reprinted with
permission from Bullough PG. Atlas of orthopedic
pathology, 2nd ed. New York: Gower, 1992:16.24.)
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aneurysmal bone cyst (see Fig. 3-76). Other differential pos-
sibilities include nonossifying fibroma and fibrous dysplasia.

Nonossifying fibroma, unlike chondromyxoid fibroma,
rarely displays cortical ballooning or cortical destruc-
tion, and a periosteal reaction is present only in lesions
that have sustained a pathologic fracture. Fibrous dyspla-
sia, in contrast to chondromyxoid fibroma, is centrally
located rather than eccentric, rarely shows internal
septations, and does not elicit a periosteal reaction.

In the tibia, adamantinoma and osteofibrous dysplasia
(Kempson-Campanacci lesion) are the main differential pos-
sibilities, and when the lesion extends to the articular
end of bone, giant cell tumor should be considered.

Adamantinoma is usually a much more destructive
lesion, composed of multiple, sharply defined, radiolu-
cent foci interspersed with sclerotic changes. It fre-
quently involves the anterior cortex. Almost all cases of
adamantinoma of long bones have been reported in
the tibia and fibula. Periosteal reaction is usually much
more aggressive than that observed in chondromyxoid
fibroma. In addition, the peak age incidence of adaman-
tinoma is between 30 and 50 years, in contrast to chon-
dromyxoid fibroma, which occurs mostly in children
and adolescents.

Osteofibrous dysplasia is usually limited in extent to the
anterior cortex of the tibia (rarely in the fibula), is much

more sclerotic than chondromyxoid fibroma, and does
not elicit a periosteal reaction. The tibia is usually anteri-
orly bowed. The peak incidence of osteofibrous dyspla-
sia is in the first decade, whereas that of chondromyxoid
fibroma is in the second decade.

In the mature skeleton, particularly if the lesion ex-
tends to the articular end of the bone, giant cell tumor
should be a consideration in the differential diagnosis.
The latter lesion, however, normally presents with no
sclerotic margin (unlike chondromyxoid fibroma,
which is demarcated from normal bone by a distinct
sclerotic border).

Smaller lesions, particularly those located in the
metaphysis, should be differentiated from bone abscess
(Brodie abscess).

Pathology

On histologic examination, chondromyxoid fibroma
may resemble myxoid chondrosarcoma, chondroblastoma,
and enchondroma (185,190). However, in chondromyx-
oid fibroma the stellate cells on the myxoid back-
ground lack mitotic activity, and the cells at the
periphery of the lobules are usually similar in shape to
chondroblastoma cells. Conversely, in myxoid chon-
drosarcoma the mitotic activity is found at the periph-
eries of the lobules. In addition, myxoid chondrosar-

Figure 3-72 Radiologic and pathologic differential diagnosis of chondroblastoma.
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Figure 3-74 Chondromyxoid fibroma. Anteroposterior (A)
and lateral (B) radiographs of the knee of a 12-year-old girl
show a radiolucent, slightly lobulated lesion with a thin scle-
rotic margin in the proximal tibial diaphysis. Note the lack of
visible calcifications.

Figure 3-73 Chondromyxoid fibroma: skeletal sites of
predilection, peak age range, and male-to-female ratio.
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Figure 3-75 Chondromyxoid fibroma. Anteroposterior (A) and lateral (B) radiographs of the proximal left leg of an 8-year-
old girl demonstrate a radiolucent lesion extending from the metaphysis into the diaphysis of the tibia, exhibiting a
geographic type of bone destruction, a sclerotic scalloped border, and internal septa.

A B

Figure 3-76 Chondromyxoid fibroma. A: Anteroposterior radiograph of the knee of an 18-year-old woman shows a lesion lo-
cated in the lateral aspect of the proximal tibia (arrows). B: The lesion balloons out from the cortex and is supported by a solid
periosteal buttress (arrow), better appreciated on a tomographic cut. This feature closely resembles aneurysmal bone cyst.

A B
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coma exhibits intranuclear details such as a fine chro-
matin pattern and nucleoli (199). When large areas of
chondroid matrix are present, chondrosarcoma is sug-
gested, but the absence of such matrix has no signifi-
cance (16). Small areas that resemble chondroblastoma
are sometimes observed in chondromyxoid fibroma.
However, the diagnosis can be confirmed by the lack of
calcifications and the presence of a myxoid component
in the latter tumor.

In particular, anatomic sites, such as the skull base
and the spine, chondromyxoid fibroma may be mis-
taken for chordoma. In the spine, however, chondromyx-
oid fibroma unlike chordoma is only rarely located
within the vertebral body; therefore, correlation with
imaging features will help to make a correct diagnosis
(184,192). In the skull base, these lesions are not
strictly oriented around the midline and they lack the
positive IHC reaction for cytokeratins typical of chordo-
mas (187,191).

The radiologic and pathologic differential diagnosis
of chondromyxoid fibroma is depicted in Figure 3-80.

Synovial (Osteo)chondromatosis

Synovial chondromatosis (also known as synovial osteo-
chondromatosis or synovial chondrometaplasia) is an
uncommon benign disorder marked by metaplastic
proliferation of multiple cartilaginous nodules in the
synovial membrane of the joint, bursa, or tendon
sheath. It is almost invariably monoarticular; rarely,
multiple joints may be affected. This condition is dis-
cussed in Chapter 9.

Malignant Tumors

Chondrosarcomas

Chondrosarcoma, a malignant tumor of the connective
tissue, is characterized by formation of cartilage matrix
by the tumor cells (265). Chondrosarcomas comprise
the third most common primary malignant tumors of
bone, after multiple myeloma and osteosarcoma.
Accounting for approximately 20% of all primary bone

Figure 3-77 Chondromyxoid fibroma: magnetic reso-
nance imaging (MRI). A: Sagittal T1-weighted (SE, TR 600,
TE 19) MRI in a 10-year-old girl shows a well-demarcated
lesion in the plantar aspect of the calcaneus, displaying
low signal intensity. B: Two axial T1-weighted (SE, TR
600, TE 17) images show significant amount of peritu-
moral edema. C: Sagittal T2-weighted (SE, TR 2000, TE
80) MRI shows the lesion displaying high signal inten-
sity. A sclerotic border is imaged as a rim of low signal
intensity.
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Figure 3-78 Histopathology of chondromyxoid fibroma. A: Band-like peripheral cellular condensation surrounds and divides
the pale-staining matrix-rich central parts of tumor (hematoxylin and eosin, whole-mount section). B: Cancellous bone with di-
lated marrow space (center) contains tumor tissue separated from bone by a layer of connective tissue (hematoxylin and eosin,
original magnification �6). C: At higher magnification, the edge of the tumor (right) exhibits a denser arrangement of cells than
the central portion. Several giant cells are scattered within a loose fibrous stroma. Resorption of the trabecula is seen at left
(hematoxylin and eosin, original magnification �50). D: In another area, less cellular stroma (left) merges with more cellular tis-
sue containing several giant cells and extravasated red blood cells (hematoxylin and eosin, original magnification �50).

Figure 3-79 Histopathology of chondromyxoid fibroma.
A photomicrograph reveals the typical lobulated appearance
of this tumor. Lobules of chondromyxoid tissue (left and
right) are separated by a septum (center) of cellular fibrous
tissue, with occasional giant cells (hematoxylin and eosin,
original magnification �50).

sarcomas, chondrosarcoma is twice as common in men
as in women (13). The peak age of incidence is late
adulthood, and very few cases of chondrosarcoma
have been reported in children and adolescents
(219,264,370). These tumors, when they occur in
young people, often appear in unusual sites and may
have a more ominous prognosis (219,273,370).

Chondrosarcoma preferentially affects the flat bones,
limb girdles, and proximal portions of long tubular
bones. Anatomic location can be classified as either in-
tramedullary (central) or surface (peripheral). It is rare
for central chondrosarcomas to develop in preexisting
benign lesions; they are therefore referred to as primary
chondrosarcomas. Peripheral chondrosarcomas, con-
versely, often arise from underlying benign lesions, such
as osteochondroma, and are termed secondary chon-
drosarcomas (285). The other type of peripheral lesions
are those developing on the surface of bone, known as
juxtacortical or periosteal chondrosarcomas (311). Clas-
sification of various types of chondrosarcomas is shown
in Figure 3-81.

A

C

B

D
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Reports on genetic studies of chondrosarcomas often
present divergent results because data about the exact
tumor type that was analyzed (e.g., central/
conventional vs. peripheral/periosteal, primary vs. sec-
ondary) are not given (332). Reported karyotypes in
chondrosarcoma encompass single aberrations and
complex rearrangements. It is noteworthy that some al-
terations at certain chromosomal regions appear to be
recurrent, e.g., losses of complete chromosomes or chro-
mosomal regions 1p36, 1p13–p22, 4,5q13–q31,
6q22–qter, 9p22–pter, 10p, 10q24–qter, 11p13–pter,
11q25, 13q21–qter, 14q24–qter, 18p, 18q22–qter, and
22q13 or gains of 7p13–pter, 12q15qter, 19, 20pter–
q11, and 21q. In contrast to peripheral chondrosarco-
mas, central conventional chondrosarcomas show LOH
at 9p and an extra copy of chromosome 22. Losses of
13q sequences have been associated with development
of metastases, independent of tumor grade or size
(298,333). In a CGH study from Scandinavia on 50 sam-
ples from 45 chondrosarcoma patients, Larramendy et
al. (291) demonstrated that gains of chromosomal mate-
rial, usually entire chromosomes, were five times more
common than losses, whereas 14 samples did not reveal
any alteration, irrespective of histologic grade. The com-
mon gains in primary tumors involved chromosomal re-
gions 20q12–qter (37%), 20q (32%), and 8q24–qter
(27%). In recurrent and metastatic lesions, gains of
chromosome 7, 5q14–q32, 6p, and 12q were observed.
Gains of 8q24–qter or 14q24–qter appeared to be associ-
ated with reduced overall survival. However, in multivari-
ate analyses only tumor grade emerged as significant.

Clinical Presentation
In primary chondrosarcomas, the symptoms are usually
of long duration. Pain usually develops insidiously, but
no mass is apparent. Conversely, secondary chondrosar-
comas arising at peripheral sites may be asymptomatic
despite the presence of a large mass. Peripheral chon-
drosarcomas that occur at sites with large potential
spaces (e.g., the pelvis) may not be clinically detected
until they reach an immense size.

Chondrosarcomas exhibit a wide range of behav-
iors (334). Some are slow growing and relatively
benign, whereas others are highly malignant neo-
plasms with associated metastases. Most of these tu-
mors, however, are indolent and of low grade. They
tend to recur locally, and metastases are uncommon
or occur late in the course of disease. Nevertheless,
because they are often located close to the trunk, ab-
domen, or pelvis, a fatal outcome resulting from re-
peated local recurrence associated with compromise
of vital functions is not unusual. In contrast to low-
grade tumors, metastasis is common with high-grade
chondrosarcomas (250).

Imaging
Radiologic evaluation of a chondrosarcoma may require
a range of imaging modalities (135), including conven-
tional radiography, arteriography, radionuclide imaging
(scintigraphy, bone scan), CT, and MRI (214,280,351).

Figure 3-80 Radiologic and pathologic differential diagnosis of chondromyxoid fibroma.
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The single most important modality for establishing the
diagnosis is radiography, which provides the most useful
diagnostic information about radiologic morphology of
the tumor, including the specific type of bone destruc-
tion, endosteal scalloping, calcifications (usually arc-
and-ring pattern), and periosteal reaction. Conventional
tomography occasionally may help to better delineate
the matrix calcifications, evaluate the cortex and pe-
riosteal reaction, and detect occult pathologic fracture.
Arteriography is an essential technique for mapping the
tumor and its vascular supply and for choosing the area
most suitable for open biopsy.

In the evaluation of intra- and extraosseous exten-
sion of a tumor, CT and MRI are crucial (227,230,247,
304,327). Both modalities are highly accurate in deter-

mining the presence or absence of soft tissue invasion
by tumor (83,321). MRI may be superior to CT, particu-
larly in the coronal plane, for delineating the in-
tramedullary extent of tumor and its relationship to
surrounding structures (214). Because it reveals a
sharper demarcation between normal and abnormal
bone tissue than CT, MRI, particularly in evaluation 
of the extremities, can reliably identify the spatial
boundaries of tumor masses, encasement and displace-
ment of major neurovascular bundles, and the extent
of joint involvement (270). Axial and coronal images in
combination have been used to determine the extent
of soft tissue invasion in relation to important vascular
structures (214,351). Compared with CT, however, MR
images do not clearly depict or allow characterization

Conventional (medullary)

Clear cell

Mesenchymal

Myxoid

Dedifferentiated

Periosteal (juxtacortical)

Synovial

Extraskeletal (soft tissue)

Arising in pagetic bone

Arising in synovial
chondromatosis

Radiation-induced

Secondary

Malignant transformation
of enchondroma or
enchondromatosis

Malignant transformation
of osteochondroma

or multiple exostoses

Primary

Chondrosarcomas

Figure 3-81 Classification of the types of chondrosarcoma.
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of calcification in the tumor matrix; in fact, large
amounts of calcification or ossification may be almost
undetectable (320,321). Moreover, MRI is less satisfac-
tory than CT, or even radiography, for demonstration
of cortical destruction (230,244). The use of the inver-
sion recovery mode to obtain strongly T1-weighted im-
ages and the development of the spin-echo mode with
variation of the pulse sequences have improved the
evaluation of chondrosarcoma by MRI (91,247,277).

Histopathology

The histologic hallmark of chondrosarcoma is produc-
tion of malignant cartilage by the tumor cells accompa-
nied by infiltration of the marrow cavity and entrapment
of preexisting bone trabeculae, destruction of normal
bone, and infiltration of Haversian systems (221) (see
Figs. 3-4 and 3-35). Assessment of the degree of malig-
nancy of cartilage tumors is difficult (340). This reflects
the lack of precisely defined criteria for grading the ma-
lignancy, as many tumors exhibit overlapping of the fea-
tures used for gradation. Therefore, each histologic ap-
pearance of a cartilage lesion should be correlated with
the radiographic appearance. The degree of malignancy
of chondrosarcoma is determined by several histologic
criteria. These include structural characteristics (num-
bers of cells and appearance of matrix), cytologic find-
ings (size of cells, pleomorphism, nuclear detail, and
presence or absence of bizarre cell forms), and replicate
activity (bizarre forms, mitotic figures, and binucleated
or multinucleated cells).

There is a decided correlation between the histologic
structure and the clinical behavior of these tumors
(335). It is therefore important to differentiate among
low-grade, intermediate, and high-grade chondrosarco-
mas (grades 1, 2, and 3, respectively). Such differentia-
tion is based on several histologic characteristics,
including the cellularity of the tumor tissue (e.g.,
hypocellular, hypercellular), the degree of pleomor-
phism observed in cells and nuclei (e.g., the presence of
double- and multinucleated cells, bizarre-shaped nuclei,
large nuclei), and the degree of hyperchromasia of the
nuclei (e.g., hyperchromatism) (Table 3-2 and Fig. 

3-82). Certain other histologic signs are also indicative of
malignancy, such as invasion of trabeculae by tumor tis-
sue, infiltration of bone marrow and Haversian systems,
and permeation through the cortex. However, these fea-
tures, which are essential for the discrimination between
enchondroma and low-grade chondrosarcoma, are not
an integral part of an accepted grading system.

Some investigators distinguish only two grades of
chondrosarcoma, low grade and high grade (300,330).
Low-grade tumors have lower cell density, abundant
matrix, limited pleomorphism, minimal mitotic activity,
and few bizarre cells. High-grade tumors are character-
ized by hypercellularity (often in myxoid, fibrous, or
mixed stroma), moderate to marked pleomorphism,
double nuclei, bizarre forms, and high mitotic activity
(Fig. 3-83). In addition, so-called pushing margins
distinguish low-grade chondrosarcoma from high-
grade chondrosarcoma that exhibits infiltrative mar-
gins (18,300).

The grading system published by the World Health
Organization (WHO) is based on the criteria proposed
by Evans et al. and considering nuclear size, nuclear
staining (hyperchromasia), and cellularity:

Grade 1 tumors, in general very similar to enchon-
droma, are moderately cellular and contain uniformly
sized plump hyperchromatic nuclei including some
binucleated cells.

Grade 2 tumors are more cellular and present a
greater degree of nuclear atypia, hyperchromasia, and
nuclear size.

Grade 3 tumors are more cellular, pleomorphic, and
atypical than grade 2 tumors and show easily detectable
mitoses (221,250).

More recently, a simple grading system based on nu-
clear features (nuclear size, polymorphism, and chro-
matin structure including visibility of nucleoli) with
good clinical correlation and an interobserver agree-
ment of 80% has been proposed by Welkerling et al.
(366).

Several types of chondrosarcoma are recognized,
each having particular clinical, radiologic, and patho-
logic features (338).

0.5 (borderline) Histologic features similar to enchondroma, but radiographic features more aggressive.
1 (low-grade) Cellularity: slightly increased. Cytologic atypia: slight increase in size and variation in shape of

the nuclei; slightly increased hyperchromasia of the nuclei. Binucleation: few binucleate cells
are present. Stromal myxoid change: may or may not present.

2 (intermediate) Cellularity: moderately increased. Cytologic atypia: moderate increase in size and variation in
shape of the nuclei; moderately increased hyperchromasia of the nuclei. Binucleation: large
number of double- and tri-nucleated cells. Stromal myxoid change: focally present.

3 (high-grade) Cellularity: markedly increased. Cytologic atypia: marked enlargement and irregularity of the
nuclei; markedly increased hyperchromasia of the nuclei. Binucleation: large number of
double- and multinucleated cells. Stromal myxoid change: commonly present. Other: small
foci of spindling at the periphery of the lobules of chondrocytes.

Table 3-2 Histologic Grading of Chondrosarcoma

Grade Histologic Features

Modified from Dahlin and Unni, 1988.
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C1 C2

A1 A2

B1

Figure 3-82 Histologic grades of chondrosarcoma. A1: Grade 1. Low-cellular tumor shows slightly abnormal nuclei (hema-
toxylin and eosin, original magnification �156). A2: Grade 1. At high magnification the variation in shape of the nuclei and
hyperchromasia are evident (hematoxylin and eosin, original magnification �400). B1: Grade 2. The tumor exhibits moder-
ately increased cellularity and several double-nucleated cells are present (hematoxylin and eosin, original magnification �25).
B2: Grade 2. At high magnification focal myxoid changes of the stroma are evident (hematoxylin and eosin, original magnifi-
cation �50). C1: Grade 3. The tumor is markedly cellular, showing pleomorphism and hyperchromatism of the nuclei. In ad-
dition to crowding of the cells, they are lying in a myxoid matrix (hematoxylin and eosin, original magnification �50). 
C2: Grade 3. Irregularly distributed cells with marked pleomorphism of nuclei. Numerous bi-and trinucleated cells are present
(hematoxylin and eosin, original magnification �50).

B2
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Primary Chondrosarcomas

Conventional Medullary Chondrosarcoma

This is the most common type of chondrosarcoma, ac-
counting for about 80% of all cases (356). It usually oc-
curs in men older than the age of 30 years (346), most
commonly in the fourth and fifth decades of life (303).
The sites most commonly affected are the pelvis and the
long bones, particularly the femur and the humerus,
but the tumor may develop in any part of the skeleton
(268,271) (Fig. 3-84). The small bones of the hands and
feet are rarely affected (237).

Imaging

Radiography is usually sufficient to establish the diag-
nosis. The typical chondrosarcoma exhibits a character-
istic expansion of the medullary portion of the bone
(368) (Fig. 3-85). Thickening of the cortex and en-
dosteal scalloping are frequently observed, often associ-
ated with popcorn-like, comma-shaped, arc-like, or
annular calcifications (302) (Fig. 3-86). The periosteal
reaction may be absent, may have a noninterrupted
benign appearance, or may display very aggressive fea-
tures, including Codman triangle and sunburst charac-
teristics (323). In some instances a soft tissue mass is
present (Figs. 3-87 and 3-88). In exceptional cases,
particularly in the early stage, the tumor may be indis-
tinguishable from an enchondroma. Therefore, all
central cartilage tumors that affect the long bones,
particularly those in adults, should be considered ma-
lignant until they have been proven benign (323).

CT and MRI are invaluable techniques for evalua-
tion and staging of primary chondrosarcomas, partic-
ularly in determining tumor extension in the bone
marrow and the extent of soft tissue involvement
(304) (Figs. 3-89 to 3-92). On CT examination,
chondrosarcoma usually appears as a lobulated, in-
tramedullary mass with scattered low-attenuation cal-
cifications (Fig. 3-91). The Hounsfield values of the

Figure 3-83 High-grade chondrosarcoma. Note markedly
pleomorphic cells, some with double nuclei, and some
exhibiting mitosis (hematoxylin and eosin, original magnifi-
cation �235).

Figure 3-84 Conventional chondrosarcoma: skeletal sites
of predilection, peak age range, and male-to-female
ratio.
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bone marrow affected by the tumor are in the positive
range (high attenuation), in contrast to the negative
values of normal fatty bone marrow (low attenuation)
(see Fig. 3-89B).

The MRI appearance of chondrosarcoma is not
specific (270). In general, the tumor appears to be
lobulated, with intermediate to low signal intensity on 
T1-weighted images and high signal intensity on 
T2-weighted images (268,361). Calcifications display
low signal or signal void (Fig. 3-92). The hyperintense,
usually homogeneous signal corresponds to areas of
hyaline cartilage matrix with uniform composition and
high water content (214,227,229). Visual analysis of
signal characteristics on routine MR images usually
does not enable the histologic type or grade of
chondrosarcoma to be distinguished. MRI in the coro-
nal plane provides a more graphic and precise defini-
tion of the intramedullary extent of the tumor, with a
sharper demarcation between normal and abnormal
bone tissue, than does CT (see Fig. 3-92C). For deter-
mination of the extent of tumor in the soft tissue and
its relationship to important vascular structures,
axial images are more effective (see Fig. 3-92D).
Intravenous administration of gadolinium diethyl-
enetriamine-penta-acetic acid (Gd-DTPA) before 

T1-weighted spin-echo images are obtained can demon-
strate enhancement of scalloped margins (reflecting
hyaline cartilage lobules surrounded by fibrovascular
bundles) and enhanced curvilinear septa with a dis-
tinct ring and arc pattern (reflecting the typical lobu-
lated growth pattern of chondrosarcoma), yielding an
appearance similar to that of enchondroma (218).
The nonenhancing areas consist of paucicellular
hyaline cartilage, cystic mucoid tissue, and necrosis
(91). Some authorities point to the fact that septal
enhancement of chondrosarcoma is more common in

Figure 3-85 Chondrosarcoma. Anteroposterior radiograph
of the proximal left femur in a 52-year-old woman shows,
typical for this tumor, expansion of the medullary portion of
the bone due to destruction of the endocortex and
periosteal new bone apposition.

Figure 3-86 Conventional chondrosarcoma. Oblique ra-
diograph of the distal femur in a 46-year-old man shows the
characteristic features of this tumor. Within the destructive
lesion in the medullary portion of the bone noted are annu-
lar and comma-shaped calcifications. The thickened cortex,
which is due to periosteal new bone formation in response
to invasion of the cortex by the cartilaginous tumor, shows
the typical endosteal scalloping.
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Figure 3-87 Conventional chondrosarcoma. Oblique ra-
diograph of the knee in a 58-year-old woman shows a tu-
mor in the proximal fibula and a soft tissue mass (arrows)
containing chondroid calcifications.

Figure 3-88 Conventional chondrosarcoma. Anteroposterior (A) and lateral (B) radiographs of the right elbow in a 55-
year-old man show a tumor arising from the proximal ulna that is accompanied by a huge soft tissue mass containing chon-
droid calcifications.

A B
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low-grade tumors (91); however, the validity of this has
been challenged (241).

Scintigraphy of chondrosarcoma invariably shows
increased uptake of radiotracer (269) (Fig. 3-93). This
technique may demonstrate the extent of intrame-
dullary involvement of the cartilage tumor better than
radiography. However, it is not as accurate as MRI be-
cause the exact level of intramedullary spread of the tu-
mor cannot be adequately evaluated. A radionuclide
bone scan usually shows the extent of the bone lesion
to be larger than it actually is because the areas of
hyperemia and edema adjacent to the tumor also
demonstrate increased activity.

Clear Cell Chondrosarcoma

This rare variant of chondrosarcoma was first described
in 1976 by Unni et al. (358). It is considered a low-grade
malignant tumor that exhibits clinical behavior less ag-
gressive than that of conventional chondrosarcoma
(220). Accounting for only 2% of all chondrosarcomas

and 0.2% of all primary bone tumors (289), it is more
common in males than in females (2:1) and usually af-
fects patients in the third to fifth decades (120). Clear
cell chondrosarcoma preferentially affects the articular
ends (epiphysis) of long tubular bones (the femur and
the humerus are most commonly involved), with result-
ant joint pain, effusions, and a limited range of motion.
Flat bones are rarely affected (240). On radiography the
lesion is predominantly lytic and sometimes expansive
(275). There is often a sharp interface between tumor
and surrounding normal bone, with a sclerotic border
and occasionally with central calcifications and ossifica-
tions (Figs. 3-94 and 3-95). Endosteal scalloping is
occasionally seen. Periosteal reaction is rare, as is soft
tissue extension of the tumor (120,358). Because of its
location and the narrow zone of transition with normal
bone, the tumor resembles chondroblastoma. However,
MRI appearance of clear cell chondrosarcoma differs
from that of chondroblastoma, which usually shows low
signal intensity on T1- and T2-weighted sequences.

A B

C

Figure 3-89 Chondrosarcoma: computed tomography. CT evaluation
of intraosseous extension of chondrosarcoma includes the following: 
A: Several contiguous axial sections, preferably 1 cm in thickness, of both
affected and unaffected limbs are obtained. B: Hounsfield values of bone
marrow are measured to determine the distal extent of tumor in the
medullary cavity. A value of �85 in this example indicates the presence of
tumor; a value of �48 is normal for fatty marrow. C: The linear measure-
ment is obtained from proximal articular end of the bone (A) to the point
located 5 cm distally to the tumor margin (B). Point C corresponds to the
most distal axial section that still shows tumor in the marrow.
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Figure 3-91 Chondrosarcoma: computed tomography
(CT). CT section through the lesion in the proximal femur
of a 69-year-old man shows thickening of the cortex, en-
dosteal scalloping, and a large soft tissue mass. The calcifi-
cations of the tumor image as low-attenuation foci.

Figure 3-90 Chondrosarcoma: computed to-
mography (CT). A: Radiograph of the right
shoulder of a 62-year-old man is not adequate
for demonstrating the soft tissue extension of
the tumor in the proximal humerus. B: CT sec-
tion through the lesion demonstrates cortical
destruction and an extensive soft tissue mass
(arrows).

A B

Clear cell chondrosarcoma, on the other hand, exhibits
homogeneous intermediate signal intensity on T1
weighting, which becomes heterogeneous but mostly
bright on T2-weighted images (253).

To date only a few cases of clear cell chondrosar-
coma have undergone genetic analysis. Most were
karyotypically normal, being diploid or near-diploid,
but some presented recurrent anomalies, e.g., loss or
structural aberrations of chromosome 9 in four cases
and gain of chromosome 20 in three cases (315).
Recurrent alterations of chromosome 9, including
LOH at 9p21, are also seen in conventional chon-
drosarcomas (333). The cell cycle–regulating gene
CDKN2A/p16, located at 9p21, does not appear to be
altered (359). However, in a case report on a laryngeal
clear cell chondrosarcoma in a 57-year-old patient,
Kleist et al. (286) were able to demonstrate methyla-
tion, an epigenetic mechanism (i.e., changes in gene
function without alteration of the nuclear DNA
sequence, leading to transcriptional inactivation of a
gene) of the CDKN2A/p16 promoter region. However,
because methylation may occur not only in cancer but
also in aging, the importance of this finding, also ob-
served in conventional chondrosarcomas, awaits fur-
ther study (248,326,359).

Histologic studies of clear cell chondrosarcomas re-
veal regions of obvious cartilaginous matrix and clus-
ters of large chondrocytes with distinct cell bound-
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Figure 3-92 Chondrosarcoma: magnetic resonance imaging (MRI). Anteroposterior (A) and lateral (B) radiographs of
the distal femur show typical appearance of central medullary chondrosarcoma. The cortex is destroyed, and there is a large
soft tissue mass projecting posteriorly (arrows). C: Coronal T1-weighted (SE, TR 700, TE 20) MRI shows the tumor to be of
low signal intensity. The calcifications display signal void. D: Axial T2-weighted (SE, TR 2000, TE 80) image shows in-
tramedullary tumor displaying a high signal intensity, whereas calcifications are of low signal. The soft tissue mass shows het-
erogeneous signal.

A B

C D
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aries. These chondrocytes possess rather small nuclei
and abundant clear or eosinophilic cytoplasm (238)
(Fig. 3-96). Osteoclast-like giant cells and foci of
reactive bone formation are also observed. Because
osteoid trabeculae are occasionally present in clear
cell chondrosarcoma (Fig. 3-97), this tumor should
not be diagnosed as atypical osteoblastoma (13). In
IHC studies, clear cell chondrosarcomas were positive
for S-100 protein and type II collagen and, in addi-
tion, revealed immunoreactivity for type X collagen
and osteonectin, both of which are found in hyper-
trophic chondrocytes, thus distinguishing this special
type of tumor from conventional chondrosarcoma
(211,231,286).

A review by Weiss and Dorfman (364) states that
metastases develop in only 10% of patients with clear
cell chondrosarcomas. However, in an earlier pub-
lished series, late local recurrence and pulmonary and
bone metastases were not uncommon. In fact, Bjorns-
son et al. (228) reported that 7 of 47 patients with clear
cell chondrosarcoma (15%) died with metastatic dis-
ease. In a recent review of 16 cases treated at one insti-
tution, metastases developed in 3 of 16 patients in a
span of 4 to 16 years (276).

It is worthwhile to note that recently three cases of
dedifferentiated clear cell chondrosarcoma with an un-
differentiated pleomorphic or spindle cell component
have been reported (279).

Mesenchymal Chondrosarcoma

Mesenchymal chondrosarcoma, first described in 1959
by Lichtenstein and Bernstein (293), is a rare lesion,
representing less than 3% of all primary chondrosarco-
mas, with a peak incidence in the second and third

Figure 3-93 Chondrosarcoma: scintigraphy. Radionuclide
bone scan obtained after intravenous injection of 15 mCi
(555 MBq) of technetium-labeled methylene diphospho-
nate (99mTc-MDP) shows increased uptake of tracer local-
ized to the site of the tumor (same patient as in Fig. 3-92).

Figure 3-94 Clear cell chondrosarcoma. A: Anteroposterior radiograph of the right hip shows a radiolucent lesion with
calcifications in the femoral head. B: Computed tomography section shows a lytic character of the tumor and central chon-
droid calcifications.

A B
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Figure 3-95 Clear cell chondrosarcoma. Anteroposte-
rior (A) and lateral (B) radiograph of the distal femur
show unusual diaphyseal location of the tumor in a 
32-year-old man. Note sharp demarcation of the lesion
from the normal bone (narrow zone of transition) and its
lytic character with central calcifications.

BA

A B

C

Figure 3-96 Histopathology of clear cell chondrosarcoma.
A: Coronal section of resected femoral head and neck (same
patient as in Fig. 3-94) shows extension of the tumor from ar-
ticular cartilage to the base of the neck. In the proximal part
of the femoral head some uninvolved cancellous bone is
seen (hematoxylin and eosin, original magnification � 0.2).
B: Large cells with clear or slightly eosinophilic cytoplasm and
small nuclei are typical for this variant of chondrosarcoma. In
addition, large eosinophilic deposits are present, resembling
osteoid (hematoxylin and eosin, original magnification
�200). C: Homogeneous area of large polygonal cells is in
solid arrangement displaying a clear or slightly eosinophilic
cytoplasm and small, dark, roundish nuclei. Some giant cells
(left and right middle) are also present. Note small areas of
necrosis (center and bottom) (hematoxylin and eosin, original
magnification �50).
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decades (223). Males and females are equally affected.
In about 30% of cases the tumor develops in an ex-
traskeletal site (312). Long-standing pain, swelling, and
a soft tissue mass are typical clinical findings. This tu-
mor exhibits no characteristic radiologic pattern. In
some instances it may resemble conventional chon-
drosarcoma or another type of more highly malignant
tumor, characterized by aggressive, lytic bone destruc-
tion or a permeative pattern of bony infiltration associ-
ated with a soft tissue mass (Figs. 3-98 and 3-99). It
appears to have a predilection for the axial skeleton
(particularly mandible and maxilla), femur, fibula, and
ribs (313). On histologic examination, mesenchymal
chondrosarcoma consists of two components: (a) small,
round, uniform-sized cells of mesenchymal tissue with
round or ovoid nuclei that resemble those seen in
Ewing sarcoma, occasionally intermingled with spindle-
shaped cells, alternating with (b) areas of well-
differentiated cartilage containing foci of calcification
and occasionally metaplastic bone encasement (331),
representing endochondral ossification. The micro-
scopic appearances of these components are strikingly
different (Fig. 3-100). An electron microscopic study by
Steiner confirmed the bistructural characteristics of
this tumor (348). In some portions the cells may be
clustered, often arranged in an alveolar pattern resem-
bling that observed in malignant lymphoma or in
embryonal rhabdomyosarcoma and other small cell
tumors (18) or may have the antler-like arrangement 
of capillary vessels seen in hemangiopericytoma (Fig. 
3-100D). In addition, reticulin fibers surround individ-
ual or small groups of tumor cells (Fig. 3-100E). How-
ever, the chondroid component is the differentiating
feature.

To date, six patients have been investigated cytoge-
netically, two of whom presented with a Robertsonian
translocation [a translocation of two acrocentric chro-
mosomes (chromosomes with a centromere at the
terminal region as chr 13, 14, 15, 21, and 22)by join-
ing of the long arms, while both extremely short

A B
Figure 3-97 Histopathology of clear cell chondrosarcoma. A: Large and vacuolated cells interspersed in the intercellular
cartilaginous matrix. Note small osteoid trabeculae (hematoxylin and eosin, original magnification �150). B: In another area,
vacuolated cells are seen in close proximity of reactive bone trabeculae (hematoxylin and eosin, original magnification �75).

A B
Figure 3-98 Mesenchymal chondrosarcoma. Anteroposte-
rior (A) and lateral (B) coned-down radiographs of the right
leg of a 43-year-old woman with a 6-month history of inter-
mittent pain in the right calf show a destructive lesion at the
midportion of the fibula. The central portion of the lesion
exhibits annular and comma-shaped calcifications typical of
a cartilage tumor, but its periphery shows a permeative type
of bone destruction characteristic of round cell tumors.

arms, containing no relevant genes, are lost] involv-
ing chromosomes 13 and 21 [der(13;21)q10;q10)]
(314). Further studies are needed to determine
whether or not this represents a tumor-specific
finding. According to Park et al. (318), the IHC over-
expression of TP53 appears to be an epigenetic phe-
nomenon because only a few cases have revealed low
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Figure 3-99 Mesenchymal chondrosarcoma: magnetic resonance imaging (MRI). A: Axial T1-weighted (SE, TR 600, TE
20) MRI shows a focus of intermediate signal within low signal of the lateral cortex of the fibula (arrow). A soft tissue mass
displays a signal slightly higher than that of muscles but lower than that of subcutaneous fat (open arrows). Axial (B) and
coronal (C) T2-weighted (SE, TR 2000, TE 80) images better demonstrate a destruction of the fibular cortex. On these se-
quences the soft tissue mass becomes bright. D: On T1-weighted image after intravenous administration of gadolinium there
is enhancement of the tumor.

or reduced levels of the TP53 gene, indicating ge-
nomic deletions.

The undifferentiated tumor cells of mesenchymal
chondrosarcoma are positive by IHC for vimentin, type
IIA collagen, and the transcription factor Sox9, a regu-
lator of chondrocyte differentiation, and for CD99
(Fig. 3-100F), whereas the cartilaginous islands are pos-
itive for S-100, aggrecan, type IIB collagen, and type X
collagen (212,260,309,362).

Biologically, the behavior of mesenchymal chon-
drosarcoma is unpredictable. Although it tends to be
aggressive and to exhibit a high rate of metastasis, some
patients may not develop metastatic spread for 15 to 20
years after removal of the tumor, whereas other pa-
tients develop distant metastases soon after diagnosis.
At present, no clinicopathologic features have been
described that can distinguish this different biological
behavior for these histologically identical tumor types.
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Figure 3-100 Histopathology of mesenchymal chondrosarcoma. A: Islands of fairly well differentiated chondroblastic
tissue are surrounded by densely arranged small spindle cells (hematoxylin and eosin, original magnification �25). B: At
higher magnification the clear-cut distinction between two components, spindle cell (left) and chondroblastic (right), is ob-
vious. A narrow band of necrotic tissue lies side-by-side with the chondroblastic area (middle top) (hematoxylin and eosin,
original magnification �50). C: A high magnification photomicrograph shows the interface between cartilaginous and
mesenchymal components of the tumor (hematoxylin and eosin, original magnification �400). D: Hemangiopericytoma-
like pattern is occasionally seen due to numerous slit-like capillary vessels (hematoxylin and eosin, original magnification
�200). E: Cellular areas contain reticulin fibers encircling single and small nests of tumor cells (Novotny, original magnifi-
cation �200). F: Small and round tumor cells are positive for CD99, similar to Ewing sarcoma; however, the cartilaginous
component (upper left) excludes the latter diagnosis (ABC-Elite, original magnification �400).
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Myxoid Chondrosarcoma

This variant, occasionally referred to as chordoid sar-
coma, represents approximately 12% of all chondrosar-
comas of bone (255,272,283,347). Lichtenstein and
Bernstein (293) were the first to describe this kind of le-
sion under the term solitary chondroblastic sarcoma. En-
zinger and Shiraki first proposed the term myxoid chon-
drosarcoma for low-grade malignant neoplasms of soft
tissue, similar to those arising primarily in bone, which
were lobulated and composed of round stellate cells with
abundant mucoid matrix and histochemical characteris-
tics of cartilage (249,365). Myxoid chondrosarcoma of
bone affects predominantly males, with a wide range of
age, between 9 and 76 years. In about 50% of reported
cases (283) the femur was the site of occurrence. There
are no radiologic hallmarks of this neoplasm. Most com-
monly the tumor is radiolucent, sharply circumscribed,
and lobulated and extends into the surrounding soft tis-
sues (347) (Fig. 3-101A-C). Despite its locally aggressive
features, it may be mistaken for a benign tumor, such as
chondromyxoid fibroma or desmoplastic fibroma.

The histologic features of myxoid chondrosarcoma
include round and stellate cells, some with acidophilic
cytoplasm, separated by an abundant and pale ba-
sophilic matrix (Fig. 3-101D,E). A few mitotic figures
may sometimes be seen (347). The presence of acid sul-
fated mucopolysaccharides consistent with cartilage
may be proved by Alcian blue staining of the matrix,
which remains unchanged after digestion with testicu-
lar hyaluronidase.

Dedifferentiated Chondrosarcoma

Originally described by Dahlin and Beabout in 1971
(243), this tumor represents approximately 10% of all

chondrosarcomas and overall has the worst prognosis.
Histologically it is characterized by a relatively low-grade
chondrosarcoma with juxtaposed dedifferentiated, i.e.,
less differentiated, noncartilaginous sarcomatous com-
ponents including osteosarcoma, fibrosarcoma, MFH,
rhabdomyosarcoma, angiosarcoma, giant cell tumor,
and undifferentiated sarcoma (224,236,274,278,308,
354). Rare cases of dedifferentiated peripheral chon-
drosarcoma and dedifferentiated clear cell chondrosar-
coma have also been reported (224,279). The age group
affected and the anatomic predilection are the same as
that of conventional chondrosarcoma (306), and men
and women are equally affected. Patients with this tumor
often present with rapid onset of swelling and local ten-
derness, superimposed on a long history of less severe
pain (254,290). The chronic pain may be associated with
a low-grade malignant lesion, and the sudden change in
the pattern of symptoms probably reflects the emer-
gence of a more malignant tumor (324). Pathologic frac-
tures are not uncommon, and metastasis to distant or-
gans is common. Radiography often reveals remodeling
expansion of the involved segment with variable degrees
of mineralization; evidence of a long-standing, low-grade
cartilage tumor; and a superimposed, more destructive
moth-eaten or permeative pattern (Fig. 3-102). Similarly,
CT and MRI reveal two distinct areas with different in-
trinsic characteristics, reflecting the presence of low-
grade and high-grade chondrosarcomatous elements
(296,311) (Fig. 3-103). Often, there is an accompanying
soft tissue mass (319,343) (Fig. 3-104). Histologic studies
demonstrate that the tumor usually arises from the site
of a grade 1 chondrosarcoma, either spontaneously or
after surgical treatment and recurrence of the latter. It
is composed of low-grade cartilage tissue surrounded
by a high-grade sarcomatous component, with a clear

Figure 3-101 Myxoid chondrosarcoma. A: Lateral radiograph of the hindfoot of a 65-year-old woman shows a large de-
structive lesion in the calcaneus. The tumor extends into the soft tissues (arrow). B: Lateral tomogram shows soft tissue mass
more effectively (arrows) (continues).
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Figure 3-101 Continued C: Lateral radiograph of the amputated specimen demonstrates in addition a pathologic fracture
(arrow). D: Photomicrograph shows a myxoid pattern of cells uniform in size, separated by abundant and pale basophilic ma-
trix. The tumor invades bone trabeculum (left) (hematoxylin and eosin, original magnification �25). E: At higher magnifica-
tion the tumor cells are rounded or elongated, fairly uniform in size with prominent nuclei. Observe cartilaginous and myxoid
features of the tumor (hematoxylin and eosin, original magnification �640).

delineation between the two components (Fig. 3-105).
The high-grade tumor tissue is usually a fibrosarcoma,
MFH, or osteosarcoma (236,343) (Figs. 3-106 and 
3-107). The problem is further complicated by the fact
that in a considerable number of cases (up to 33% in
larger series) the chondrosarcoma arises on the site of a
usually calcified enchondroma, so that the manifesta-
tions of all three tumors, one benign and two malignant
(enchondroma, chondrosarcoma, and dedifferentiated
chondrosarcoma) may be present side by side (Fig. 3-
108). Although the term “dedifferentiation” implies that
the high-grade tumor elements arise from genetic alter-
ations in the chondrocytes of the low-grade cartilage
component that cause them to grow more rapidly, these
tumors may theoretically also derive from a neoplastic
cell clone that by genomic instability develops into a
differentiated and undifferentiated (dedifferentiated)
tumor population (301). Recent cytogenetic and molec-
ular genetic findings obtained by analysis of the well-
differentiated and the undifferentiated parts of such a
sarcoma in comparison support the latter assumption
(232,329,333). It was demonstrated that both compo-

nents share an identical p53 mutation, not belonging to
the frequently mutated hotspots and therefore indicat-
ing a monoclonal origin, as well as LOH at the same alle-
les of chromosomes 17p and 13 (232). Similar results
have been obtained by Ropke et al. (329) in a study on
methylation of cell cycle–related, apoptosis-related, and
cell adhesion–related genes. However, no specific cyto-
genetic aberrations were demonstrated in dedifferenti-
ated chondrosarcoma. Support for this hypothesis has
also come from an immunohistochemical and biochemi-
cal study of cultured human chondrosarcoma, in which
the existence of four different clonal cell lines within a
parent tumor was demonstrated (257a). Patients with
dedifferentiated chondrosarcoma usually do not survive
for more than 2 years after diagnosis, even with multi-
modal treatment strategies (245).

Periosteal (Juxtacortical) Chondrosarcoma

Although most primary chondrosarcomas arise centrally
in bone, in rare instances a primary tumor originates in
a periosteal (juxtacortical) location (222). Initially de-
scribed in 1955 by Lichtenstein (292) and later by Scha-
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Figure 3-103 Dedifferentiated chondrosarcoma: magnetic
resonance imaging (MRI). A: Anteroposterior radiograph of
the left hip of a 70-year-old woman shows a mixed radiolu-
cent and sclerotic lesion in the intertrochanteric region of the
femur with central chondroid calcifications (arrows). B: Axial
T1-weighted MRI shows tumor (arrows) to exhibit heteroge-
neous signal. C: Coronal T1-weighted MRI obtained after
intravenous injection of gadolinium shows peripheral en-
hancement of the tumor. The mineralized areas representing
low-grade sarcoma remain of low signal intensity.

231

Figure 3-102 Dedifferentiated chondrosarcoma. Anteroposte-
rior radiograph of the left shoulder of a 70-year-old woman
shows a lytic lesion with chondroid calcifications in the humeral
neck extending into the proximal shaft. The proximal part of the
lesion is consistent with a slow-growing tumor (arrow), whereas
the distal part exhibits a more aggressive appearance, including
cortical destruction and a soft tissue mass (open arrow).
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A B
Figure 3-104 Dedifferentiated chondrosarcoma: magnetic resonance imaging (MRI). A: Anteroposterior radiograph of
the proximal right femur of a 60-year-old man shows a predominantly osteolytic, destructive lesion in the subtrochanteric re-
gion (arrows). B: Coronal T2-weighted (STIR) MRI shows the high-signal-intensity tumor breaking through the medial cortex
to form a large soft tissue mass.

Figure 3-105 Histopathology of dedifferentiated chon-
drosarcoma. A photomicrograph shows low-grade chon-
drosarcoma (left) that is clearly separated from the pleomor-
phic tumor tissue (right) (hematoxylin and eosin, original
magnification �50).
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Figure 3-106 Histopathology of dedifferentiated chondrosarcoma. A: Grade 1 chondrosarcoma invades marrow spaces of
cancellous bone (right 75%). Purely cellular dedifferentiated tumor tissue is present on the left (van Gieson, original magnifi-
cation �12). B: Low-grade chondrosarcoma tissue flowing within the marrow spaces of cancellous bone (van Gieson, original
magnification �50). C: In another field spindle-cell part of dedifferentiated tumor exhibits conspicuous cell and nuclear pleo-
morphism (hematoxylin and eosin, original magnification �50). D: Yet in another field the dedifferentiated tissue represents a
giant cell–rich variant of malignant fibrous histiocytoma (hematoxylin and eosin, original magnification �50).

A B
Figure 3-107 Histopathology of dedifferentiated chondrosarcoma. A: In one part of the tumor there is a grade 2 chon-
drosarcoma with irregular distribution of chondrocytes (hematoxylin and eosin, original magnification �50). B: The other ar-
eas show dedifferentiated part of tumor with spindle-cell tissue and tumor-bone formation (center) typical for osteosarcoma.
Some giant cells are also present (hematoxylin and eosin, original magnification �50) (continued).
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Figure 3-108 Histopathology of dedifferentiated chondrosarcoma. A: Coronal section of the specimen of the distal femur
shows calcified enchondroma (round whitish area in center), well-differentiated chondrosarcoma (darker area medially), and
dedifferentiated tumor (rose area distally). Site of the biopsy is marked by hemorrhagic area proximally. B: Histologic overview
of the medial half of the distal femur shows three different tumors: calcified enchondroma (proximal middle), well-differenti-
ated chondrosarcoma (section close to the medial cortex on the left), and dedifferentiated tumor with osteoblastic differentia-
tion (distal middle) (hematoxylin and eosin, original magnification �0.2). The details of osteoblastic differentiations are
depicted in Figure 2-134.

Figure 3-107 Continued C: Another field of view shows dif-
ferentiation of giant cell–containing spindle cell tissue, con-
sistent with malignant giant cell tumor (hematoxylin and
eosin, original magnification 350).
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jowicz (336), and accounting for only 4% of all malig-
nant cartilage tumors, periosteal chondrosarcoma arises
on the surface of a bone to which it is firmly attached but
with no associated exostosis. Only one case, in a 9-year-
old girl, has been reported of periosteal chondrosar-
coma with associated multiple osteochondromata (363).
On rare occasions this tumor may invade the medullary
cavity (263,328). This malignancy, which most com-
monly affects adults in the third and fourth decades of
life and has slight male predilection (311), presents clin-
ically as an asymptomatic or a slightly painful, slowly
growing mass. On radiologic and pathologic studies, it
exhibits the same general features as a central chon-
drosarcoma (336,360) (Figs. 3-109 to 3-112) with nodu-
lar invasion of surrounding soft tissues (221). At times
the underlying cortex may be thickened with associated
saucerization or Codman triangles at the lesion margins
(222,311). Most of these tumors represent well-differen-
tiated grade 1 or 2 cartilage malignancy (Fig. 3-113), and
the prognosis after surgical excision is therefore good.
Metastases develop only rarely. On radiography they are
occasionally mistaken for periosteal osteosarcomas,
which also occur on the external surface of long bones
and consist largely of cartilage.

Synovial Chondrosarcoma

This exceptionally rare tumor, which arises from the syn-
ovial membrane, may be primary or secondary. Primary
lesions arise de novo in the joint synovium without evi-
dence of previous synovial chondromatosis (226,367). In
radiographic studies, synovial chondrosarcoma may
mimic synovial chondromatosis or periosteal chon-
drosarcoma. Secondary tumors are believed to arise
from malignant transformation of synovial chondro-
matosis (261) (see Chapter 9).

Because very few cases of synovial chondrosarcoma
have been documented, it is difficult to compare the
behavior of these tumors to that of chondrosarcoma of
bone. However, the former appears to be characterized
by a spectrum ranging from low-grade neoplasms to
high-grade tumors (259,284,297,299).

Extraskeletal (Soft Tissue) Chondrosarcoma

These tumors develop in the soft tissues and are inde-
pendent of bone, periosteum, or cartilage. It is usually
not possible to determine the exact site at which they
arise. However, it appears that these neoplasms originate
in muscle, fascia, bursa, and other connective tissue
structures. Patients typically present with a slowly
enlarging soft tissue mass, and approximately one third
of cases are characterized by pain or tenderness
(215,249,316). On radiography and CT scans this type of

C D
Figure 3-108 Continued C: Calcified enchondroma (upper half ) is bordered by well-differentiated chondrosarcoma with
myxoid component (lower half ) (hematoxylin and eosin, original magnification �25). D: Two different tissues are clearly sep-
arated: on the left dedifferentiated part of tumor formed of spindle cells and some giant cells, abutting the well-differentiated
chondrosarcoma on the right (Giemsa, original magnification �50).

Figure 3-109 Periosteal chondrosarcoma. Anteroposterior
radiograph of the lumbar spine shows a large calcified mass
attached to the lateral aspect of the third lumbar vertebra.
(Reprinted with permission from Bullough PG. Atlas of ortho-
pedic pathology, 2nd ed. New York: Gower, 1992:16.31.)
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A B
Figure 3-110 Periosteal chondrosarcoma: magnetic resonance imaging (MRI). A: Sagittal T1-weighted MRI shows an in-
termediate signal intensity lesion arising from the cortex of the clavicle and extending into the soft tissues (arrows). B: Proton-
density MRI demonstrates that the lesion now exhibits a bright signal (open arrow).

A B
Figure 3-111 Periosteal chondrosarcoma. A: Anteroposterior radiograph of the right knee of a 30-year-old woman shows a
parosteal calcified mass at the medial cortex of distal femur. B: Radionuclide bone scan obtained after intravenous administra-
tion of 15mCi (555MBq) of 99mTc-labeled methylene diphosphonate shows markedly increased uptake of radiotracer within
the mass.
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C D
Figure 3-111 Continued C: Coronal T1-weighted magnetic resonance imaging (MRI) shows the mass to be isointense with
the surrounding muscles displaying intermediate signal intensity. D: On coronal T2-weighted MRI the mass becomes bright,
but the central calcifications exhibit low signal intensity.

A B
Figure 3-112 Histopathology of periosteal chondrosarcoma. A: Lobulated chondroblastic tumor is clearly separated from
adjacent connective tissue (top) (hematoxylin and eosin, original magnification �12). B: At higher magnification there is ob-
vious pleomorphism of the cells and hyperchromatism of the nuclei, proving malignancy (hematoxylin and eosin, original
magnification �50).
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chondrosarcoma appears as a soft tissue mass with min-
eralization similar to that observed in conventional
intramedullary chondrosarcomas (Fig. 3-114). However,
calcifications occur only in 30% to 50% of cases
(311,341) and ordinarily exhibit a fine granular pattern
in focal or uniform distribution, particularly in the mes-
enchymal variant (262). Adjacent bone destruction may
or may not be present (Fig. 3-115). On MRI examina-
tion, the mass is usually isointense to the surrounding tis-
sues on T1-weighted sequences, and of a high signal
intensity on T2 weighting (242,353). After administra-
tion of Gd-DTPA, heterogeneous enhancement of the
tumor is observed on T1-weighted images in unmineral-
ized and mineralized areas (262,287). Scintigraphy
demonstrates increased uptake of technetium-labeled
methylene diphosphonate (99mTc-MDP) that is related
to hyperemia, calcifications, endochondral ossification,
and reactive new bone formation in these tumors
(210,294).

On histologic examination, the lesion is character-
ized by undifferentiated mesenchymal cells with only
rare islands of well-differentiated cartilage (18,352).
The tumor may consist of well- or poorly differentiated
hyaline cartilage (conventional soft tissue chondrosar-
coma), may contain mesenchymal tissue (mesenchymal
chondrosarcoma), or may be partially or entirely myx-
oid in appearance (myxoid chondrosarcoma) (77,341).
The latter is the most common type of extraskeletal
chondrosarcoma.

Extraskeletal myxoid chondrosarcoma, first described
by Stout and Verner in 1953 (349), was originally be-
lieved to be derived from multipotential mesenchymal
progenitor cells, because the cells are similar to chon-
droblasts histologically, histochemically, and ultrastruc-
turally (249,252,305). In addition, S-100 protein and
type II collagen have been detected by IHC in at least
some portions of the tumors investigated (252,355).
However, recent reports point to a neuroendocrine

differentiation of the tumor cells (246,258). In addition,
Aigner et al. (213) found an only partially expressed
chondrocytic immunoprofile in 2 of 14 sarcomas
investigated, leading to the assumption that myxoid
chondrosarcoma is a tumor derived from primitive mes-
enchymal cells with multidirectional differentiation, in-
cluding a chondrocytic phenotype.

Myxoid chondrosarcomas, as other types of ex-
traskeletal chondrosarcomas, develop in the soft tissues
and are independent of bone, periosteum, or cartilage.
Although intraosseous cases have been described, mo-
lecular and ultrastructural differences clearly distinguish
cartilaginous tumors, with their appearance similar to
extraskeletal myxoid chondrosarcoma, from this entity
(217). Extraskeletal myxoid chondrosarcoma represents

A B
Figure 3-113 Histopathology of periosteal chondrosarcoma. A: Hyaline cartilage with irregular cell arrangement and pe-
ripheral condensation of tumor cells exposes malignant character of the tumor (hematoxylin and eosin, original magnification
�50). B: At higher magnification in another area, high cellularity and conspicuous pleomorphism of the cells and nuclei are
consistent with grade 2 chondrosarcoma (hematoxylin and eosin, original magnification �100).

Figure 3-114 Intrathoracic mesenchymal chondrosar-
coma. CT section of the chest of a 23-year-old man shows a
large prevertebral calcified mass.
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about 2% of all soft tissue sarcomas (288). More than
80% of soft tissue chondrosarcomas affect the lower
extremities, particularly in the regions of the thigh and
knee (216,369). These are usually deep-seated tumors,
which preferentially occur in the fifth or sixth decade
(48%; range 6 to 89 years), and have a predilection for
middle-aged men (267,281).

On histologic examination, the lesion is characterized
by undifferentiated mesenchymal cells, with rare islands
of well-differentiated cartilage (352). This tumor is typi-
cally surrounded by a pseudocapsule, formed by com-
pression of normal connective tissue that presents a
glistening, multinodular architecture on its cut surface.
Histology reveals that the nodules are divided by poorly
vascularized fibrous septa and show a pale chondroid to
myxoid stroma rich in proteoglycans. The cells are well
circumscribed, with eosinophilic cytoplasm and round
to oval nuclei with fine chromatin and usually small
nucleoli. Mitoses are not common. The cells are charac-
teristically interconnected, forming cords, net-like struc-
tures, or aggregates. Spindle-shaped tumor cells may also
be present, as well as cells with rhabdoid features (Fig. 
3-116A-D). In some instances, anaplastic areas with pleo-
morphic cells and atypical mitoses are present. By IHC,
only vimentin is constantly expressed. S-100 protein, ep-
ithelial membrane antigen (EMA), and cytokeratins may
focally be found (Fig. 3-116E). Positivity for NSE and
synaptophysin has also been reported (258,295).

In 1985, Hinrichs et al. (266) described a transloca-
tion in extraskeletal myxoid chondrosarcoma that
involved chromosomes 9 and 22. This nonrandom
t(9;22)(q22;q12) translocation has been observed in
about 50% of extraskeletal myxoid chondrosarcomas
and, when present, is considered diagnostic for this tu-
mor (332). At the molecular level, this translocation
leads to the fusion of the NR4A3 gene (Nuclear Receptor
subfamily 4, group A, member 3), which is involved in
regeneration and proliferation, with the EWS gene,
which was identified in Ewing sarcoma and encodes a
protein (EWS protein) that participates in transcrip-
tional regulation. Variant translocations have also been
observed in single cases, always involving chromosomal
region 9q22 (332). Gene expression profiling studies
have provided evidence that targets of the fusion tran-
scripts in extraskeletal myxoid chondrosarcoma are
genes that are involved either in neural and neuroen-
docrine differentiation or in chondrogenesis (344,350).
Recurrent abnormalities, especially trisomies 1q, 7, 8, 12,
and 19, were also observed. 1q aberrations occurred only
in tumors that also exhibit the t(9;22)(q22;q12) translo-
cation (332,344).

Extraskeletal mesenchymal chondrosarcoma is histo-
logically composed of two elements: primitive mesenchy-
mal cells and well-differentiated cartilaginous tissue
(262). The exact molecular mechanism is still uncertain,
but recent cytogenetic studies have suggested that the
chromosomal translocation der(13;21)(q10;q10) may
be a causative factor (314). For additional details see
previous discussion on mesenchymal (osseous) chon-
drosarcoma.

Secondary Chondrosarcomas

The term secondary chondrosarcoma is applied to any
tumor that arises as a result of malignant transformation
of a benign cartilaginous lesion, such as osteochon-
droma or enchondroma. It also applies to the rare cases
of Paget disease (345) or irradiated bone that lead to de-
velopment of a cartilaginous malignancy. These tumors,
which constitute about 20% of all chondrosarcomas,
may be either central or peripheral. The most common
are peripheral lesions, which develop as malignant trans-
formation of either hereditary multiple exostoses (about
3% of patients with this condition develop chondrosar-
coma) or solitary osteochondroma (�1% of patients are
at risk). Central secondary chondrosarcomas develop as
malignant transformation of enchondroma (rarely in
patients with a solitary lesion and much more commonly
in patients with multiple enchondromatosis, e.g., Ollier
disease and Maffucci syndrome). Exceptionally, second-
ary chondrosarcoma develops in the joint as a malignant
transformation of synovial chondromatosis (310).

In malignant transformation of osteochondroma
to chondrosarcoma (so-called exostotic chondrosar-
coma), the most reliable clinical and radiologic features
include pain (in the absence of fracture, bursitis, or
pressure on nearby nerves), the growth spurt of osteo-
chondroma (after skeletal maturity), development of a
bulky cartilaginous cap (thicker than 2 cm), dispersed

Figure 3-115 Extraskeletal chondrosarcoma. Oblique ra-
diograph of the fifth finger of the left hand of a 47-year-old
woman shows a soft tissue mass invading and destroying
the proximal phalanx. There are no visible calcifications. The
biopsy revealed myxoid chondrosarcoma.
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Figure 3-116 Histopathology of extraskeletal myxoid
chondrosarcoma. A: Myxoid-appearing stroma with loosely
arranged spindle cells (left) and more densely packed inter-
connected small cells surround mucinous pools (right)
(hematoxylin and eosin, original magnification �100). 
B: At higher magnification observe net-like arrangement of
eosinophilic tumor cells with dense nuclei (hematoxylin and
eosin, original magnification �100). C: Roundish tumor cells
with eosinophilic cytoplasm and distinct borders exhibit
“chondroblast-like” features (hematoxylin and eosin, origi-
nal magnification �400). D: Alcian blue–positive mucin
pools are surrounded by tumor cells (Alcian-blue PAS, origi-
nal magnification �400). E: Some tumor cells react with
anti-S-100 (biotin-streptavidin peroxidase, original magnifi-
cation �400).
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calcifications in the cartilaginous cap (which in benign
exostosis are confined to the osteochondral junction),
and development of a soft tissue mass (110) (Fig. 3-117;
see also Figs. 3-52, 3-56, and Table 3-2). Scintigraphy
is not a reliable modality for differentiation of benign
exostoses from exostotic chondrosarcoma.

Some chondrosarcomas are believed to originate
from benign enchondromas (18,324,325). However, it

is almost impossible to establish the evolution of a
preexisting enchondroma to a chondrosarcoma by his-
tologic means alone, particularly when the former is a
solitary lesion. Some investigators believe that in these
rare cases the preexisting enchondroma may in fact
represent a low-grade chondrosarcoma that masquer-
ades as a benign lesion. Nevertheless, malignant trans-
formation of a calcified enchondroma has been well

Figure 3-117 Malignant transformation
of osteochondroma. A 28-year-old man
had been diagnosed with having osteo-
chondroma since age 14. Recently he
developed pain in the popliteal fossa and
noticed a growing mass. Anteroposterior
(A) and lateral (B) radiographs obtained in
the past show a sessile osteochondroma
arising from the posteromedial cortex of
the distal femur. C: Current lateral radi-
ograph of the distal femur shows that the
osteochondroma has enlarged. Also seen
are dispersed calcifications in the cartilagi-
nous cap (arrow) pointing to the malignant
transformation to chondrosarcoma.

A

C

B
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A B
Figure 3-118 Malignant transformation of Ollier disease. A: A 38-year-old woman with known long-standing Ollier dis-
ease since childhood presented with pain and a slowly enlarging mass at the dorsomedial aspect of the fifth finger of the right
hand. The radiograph shows typical changes of enchondromatosis in the hand. Also noted is destruction of the cortex of the
proximal phalanx of the small finger and a soft tissue mass containing chondroid calcifications, indicating malignant transfor-
mation to chondrosarcoma. B: A 30-year-old man with enchondromatosis presented with pain and an enlarging mass at the
base of the ring finger of the right hand. Radiograph shows typical changes of enchondromatosis. Also noted is destruction of
the cortex of the proximal and middle phalanges of the ring finger associated with adjacent soft tissue masses (arrows). The
open biopsy revealed malignant transformation of enchondroma into chondrosarcoma.

documented in patients with dedifferentiated chon-
drosarcoma, with Ollier disease, and with Maffucci syn-
drome (234) (Figs. 3-118 and 3-119).

The radiologic signs of malignant transformation of
enchondroma to chondrosarcoma include thickening
or destruction of the adjacent cortex, deep endosteal
scalloping, appearance of a periosteal reaction without
evidence of a pathologic fracture, and development of
a soft tissue mass. Pain at the site of the lesion in the ab-
sence of fracture is an important clinical sign of evolv-
ing malignancy.

Differential Diagnosis

Radiology

Radiologic differential diagnosis of conventional
chondrosarcoma includes mainly an enchondroma
(256). Among other clinical signs, the malignancy of a
lesion is suggested by the development of pain in a
previously asymptomatic lesion (e.g., malignant trans-
formation of enchondroma to chondrosarcoma) or by
development of swelling at the site of a lesion. The
most obvious signs of malignancy are thickening of
the cortex, deep endosteal scalloping, cortical de-
struction, periosteal reaction, and a soft tissue mass

(see Figs. 3-85 to 3-88). If any of these features are
present, the diagnosis can be made unequivocally. A
more difficult task is to differentiate low-grade chon-
drosarcoma from enchondroma. In some cases this 
is almost impossible, although the focally thickened
cortex may point to the former tumor (Fig. 
3-120; see also Fig. 3-29). It must be stressed that nei-
ther CT nor MRI is usually suitable for establishing
the precise nature of a cartilage lesion. In particular,
too much faith has been placed in MRI as a method
helpful in distinguishing benign cartilage lesions from
malignant ones. Despite the use of various criteria,
the application of MRI to tissue diagnosis has rarely
achieved satisfactory results (371) because benign and
malignant chondrogenic lesions have the same MR
characteristics. Both exhibit a low to intermediate sig-
nal intensity compared with normal bone marrow on
T1-weighted images and a high signal intensity on 
T2-weighted images (128,229). Quantitative determi-
nation of relaxation times is of little clinical value in
identifying cartilage tumor types (247), although it is
an important technique in the staging of chondrosar-
coma (225). Some investigators suggested that
gadolinium-enhanced MR images may distinguish ma-
lignant cartilage tumors from benign lesions (257).
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A

B

C
Figure 3-119 Malignant transformation of Ollier disease. A: A 48-year-old watchmaker with a long history of Ollier disease
developed pain in the ring finger. An oblique radiograph of the right hand demonstrates characteristic changes of this disor-
der consisting of multiple enchondromas and large lobulated cartilaginous masses in all fingers. The lesion of the middle pha-
lanx of the ring finger shows destruction of the cortex and the extension of the tumor into the soft tissues. Excision biopsy
revealed chondrosarcoma. B: Longitudinal section of the distal phalanx of the left thumb with nail (clear blue lamella) of an-
other patient shows cancellous bone with large islands of chondrosarcoma (purple) proliferating into the surrounding soft tis-
sue (center) (Giemsa, original magnification �5). C: At a higher magnification, the malignant cartilage exhibiting spindle cells
in dense arrangement, with clearly polymorphous, hyperchromatic nuclei and a myxoid matrix, borders the fibrous connec-
tive tissue of the distal phalanx (upper left) (Giemsa, original magnification �20).

Figure 3-120 Low-grade chondrosarcoma. Focal thicken-
ing of the cortex at the greater trochanter and expanded
character of the lesion point to malignancy.

They postulated that enchondromas show peripheral
enhancement, whereas chondrosarcomas demon-
strate more diffuse enhancement (218,244,257). How-
ever, Murphey et al. (311), in a retrospective study of
92 enchondromas and 95 chondrosarcomas of the ap-
pendicular skeleton, challenged this contention. Re-
cently, investigations by Feldman et al. (251) sug-
gested that application of positron emission
tomography (PET) scanning with 18fluoro-2-deoxy-D-
glucose (18FDG) may be a promising technique for
distinguishing benign from malignant cartilage neo-
plasms.

Occasionally, central chondrosarcoma located in
the proximal femur or humerus may mimic osteonecro-
sis. Careful examination of the radiograph for the
presence of cartilage calcification and MRI findings
typical of an osteonecrotic pattern (i.e., a clear demar-
cation at the reactive interface between live and dead
bone), as well as MRI characteristics for each class of
osteonecrosis (239), should help in making this dis-
tinction. Because clear cell chondrosarcoma can arise
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before skeletal maturity, it may be indistinguishable
from chondroblastoma (235), although the former tu-
mor is usually larger in size (average 5.2 cm, vs. 2.3 cm
for chondroblastoma). MRI may be somewhat helpful
in differential diagnosis, despite sharing similar
features of heterogeneous signal by both lesions. After
injection of gadolinium, contrast enhancement tends
to be more intense with clear cell chondrosarcoma,
whereas chondroblastoma is more frequently associ-
ated with peritumoral bone marrow edema and synovi-
tis (147). Clear cell chondrosarcoma also can mimic a
giant cell tumor, as both these tumors preferentially
affect the articular end of a bone (Fig. 3-121). Giant
cell tumor may be distinguished by the lack of matrix
calcifications (although clear cell chondrosarcoma
sometimes presents also as a purely lytic lesion). Mes-
enchymal chondrosarcoma, because of a permeative or
moth-eaten type of bone destruction, may be mistaken
for a round cell tumor. Myxoid chondrosarcoma, despite
its locally aggressive features, could be mistaken for a
benign tumor such as chondromyxoid fibroma or desmo-
plastic fibroma. Periosteal chondrosarcoma may be in-
distinguishable from periosteal osteosarcoma (see text on
osteosarcoma). Occasionally, periosteal chondroma may
be similar in appearance to periosteal chondrosar-
coma but usually is much smaller (average 2 cm) in
size (328). Soft tissue chondrosarcoma may mimic soft
tissue osteosarcoma, myositis ossificans, and tumoral calci-
nosis, and vice versa (Fig. 3-122). Although synovial
chondrosarcoma may be difficult to distinguish from
synovial chondromatosis, MRI is occasionally helpful in
this respect (317) (see Fig. 9-36).

Pathology

Histopathologic differential diagnosis of chondroblas-
tic tumors is sometimes difficult because some tumors
may exhibit indistinct histologic and cellular character-
istics (307). The diagnosis is, however, dependent on
the location of a given tumor within the skeleton.

The pathologic features of a malignant cartilage tu-
mor, which include the presence of hypercellular areas
and pleomorphic cells, are not unequivocal. The diag-
nosis is then dependent on the anatomic location of a
given tumor. Appreciable numbers of plump cells with
large vesicular (“chondroblastic”) nuclei, or double
nuclei, and invasion (permeation) of bone marrow and
trabeculae, as well as infiltration of compact bone are
clear signs of malignancy.

A cartilage tumor with histologic signs that clearly
indicate malignancy, such as marked atypia of chondro-
cytes, cells arranged densely in clusters, and hyperchro-
masia of nuclei (grades 2 and 3), is easy to diagnose,
as there are no reasonable differential problems. An
important differentiation point is the relation between

Figure 3-121 Clear cell chondrosarcoma resembling
giant cell tumor. A lytic lesion in the femoral head in a 
39-year-old woman was thought to represent a giant cell tu-
mor. Excision biopsy revealed clear cell chondrosarcoma.

Figure 3-122 Extraskeletal (soft tissue) mesenchymal
chondrosarcoma. Conventional radiograph shows a large
mineralized mass adjacent to the lower ribs. Although the
mass resembles myositis ossificans, the calcifications are not
at the periphery (as in the former lesion) but centrally lo-
cated (compare with Fig. 2-124), whereas extraskeletal os-
teosarcoma can be excluded because calcified matrix
exhibits typical chondroid features (dots, rings, and arcs in
“O” and “C” configuration).
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cartilage tissue and trabecular bone. In enchondroma the
lobuli are usually surrounded by a narrow rim of lamel-
lar bone (Fig. 3-123A) or dense fibrous tissue, whereas
the cartilage of a chondrosarcoma “flows” into the
marrow spaces of the trabecular bone, with secondary
induction of bone resorption (Fig. 3-123B). Differentia-
tion of conventional chondrosarcoma from chondroblas-
tic osteosarcoma may be difficult if the latter shows only
scant bone formation. In such instances the presence
of hyaline matrix in chondrosarcoma (at least in the
grade l and 2 tumors) may be helpful, in contrast to the
fibrocartilage of osteosarcoma. Myxoid transformation
of the matrix is in itself not a sign of malignancy.
However, differentiation from chondromyxoid fibroma
may cause a problem if the cell atypias of the malignant
tumor are not clear-cut.

A special histopathologic problem in differential di-
agnosis is posed by dedifferentiated chondrosarcoma.
This tumor may be confused with high-grade chondrosar-
coma containing areas of spindle cells, mesenchymal chon-
drosarcoma, chondroblastic osteosarcoma, MFH, and fi-
brosarcoma (16). The two latter diagnoses can be
eliminated by the presence of cartilage in dedifferenti-
ated chondrosarcoma. The areas of spindle cells seen
in high-grade chondrosarcomas exhibit multiple zones
of transition and intermingling of the spindle cell foci
with the hyaline cartilage. Conversely, in dedifferenti-
ated chondrosarcoma the foci of spindle cells and 
the hyaline cartilage are juxtaposed at the interface
between the two tumor components, with no intermin-
gling of components throughout the lesion. In a simi-
lar manner, the cartilaginous component of mesenchy-
mal chondrosarcoma appears as specks throughout the

tumor and is mingled with the major component of
spindle cells or small round cells (16). In chondroblastic
osteosarcoma, tumor bone or tumor osteoid is usually ir-
regularly mixed with cartilage and the two malignant
elements are not as distinctly separated as in dediffer-
entiated chondrosarcoma, but may merge onto one an-
other in the form of chondrosteoid. Differentiation of
these tumors is further complicated by the fact that in a
number of cases dedifferentiated chondrosarcoma
arises at the site of a usually calcified enchondroma or a
low-grade chondrosarcoma, so that all three tumor
manifestations, one benign and two malignant, may be
found side by side (see Fig. 3-108). It therefore follows
that the term “dedifferentiated chondrosarcoma” is not
accurate, although well established.

Clear cell chondrosarcoma consists of rather large
cells with a water-clear or more eosinophilic cytoplasm
and fairly small nuclei. They are arranged in clusters,
with intermingled small trabeculae or newly built
reactive bone (Fig. 3-124A). Bone formation may be so
extensive as to mimic an osteosarcoma (233) (Fig. 3-124B).
In such instances, the location in the epiphysis and
the size and characteristics of the cartilage cells are
helpful. However, sporadic tumors located in the dia-
physis have been observed. Histologic differential diag-
nosis should also include chondroblastoma. This tumor
may have cells with clear cytoplasm, although they are
not a predominant feature. In addition, in the latter tu-
mor the cell nuclei are indented or cleaved, whereas in
clear cell chondrosarcoma they are round (322). Fur-
thermore, in most cases of clear cell chondrosarcomas
areas typical of conventional chondrosarcoma are
present. Metastatic clear cell carcinoma (e.g., from the

A

B

Figure 3-123 Histopathologic distinction of enchon-
droma from chondrosarcoma. A: In enchondroma, the
cartilage lobules are commonly surrounded by a narrow
rim of bone (hematoxylin and eosin, original magnifica-
tion �250). (Reprinted with permission from Bullough PG.
Atlas of orthopedic pathology, 2nd ed. New York: Gower,
1992:16.21.) B: In chondrosarcoma, the tumor is more
cellular and invades the bone trabeculae (hematoxylin
and eosin, original magnification �100). (Reprinted with
permission from Bullough PG. Atlas of orthopedic pathol-
ogy, 2nd ed. New York: Gower, 1992:16.32.)
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kidneys) may be difficult to distinguish from clear cell
chondrosarcoma solely on the basis of its histologic ap-
pearance. The glandular architecture and lumen for-
mation are characteristic features of the former and are
not seen in clear cell chondrosarcoma. The clinical set-
ting and the presence of chondroid differentiation are
essential in confirming the latter diagnosis (322). In
addition, on immunohistochemical studies renal cell
carcinomas show a coexpression of vimentin and cyto-
keratin.

Mesenchymal chondrosarcoma may be difficult to
distinguish from malignant mesenchymoma of bone be-
cause both tumors demonstrate the same biphasic pat-
tern (337,339). In malignant mesenchymoma, however,
a third component (osteosarcoma) is always present,
whereas in mesenchymal chondrosarcoma the matrix-
producing component is always chondrosarcoma. The
nonmatrix cellular component of malignant mesenchy-
moma consists of liposarcoma, rhabdomyosarcoma,
or both (282). The nonmatrix component of mes-
enchymal chondrosarcoma consists of undifferentiated
round or spindle cells, frequently arranged in a heman-
giopericytomatous pattern and accompanied by retic-
ulin fibers (see Fig. 3-100D,E). Areas containing broad
sheaths of small cells may mimic Ewing sarcoma (16).
Moreover, both tumors contain cytoplasmic glycogen.
In Ewing sarcoma, however, spindle cells and cartilage
formation are absent. Positivity for CD99, also seen in
Ewing sarcoma, in combination with Sox9 immunore-
activity is further helpful in diagnosis, as is the Ewing
sarcoma–specific translocation that can also be visual-
ized on paraffin sections with fluorescence in situ
hybridization (FISH) techniques. Areas containing
primarily spindle-cell tissue may resemble low-grade
fibrosarcoma (Fig. 3-125). Small cell osteosarcoma may occa-
sionally mimic mesenchymal chondrosarcoma because
the background population of small cells in both tu-

mors may be indistinguishable. However, the presence
of osteoid in osteosarcoma is diagnostic.

Myxoid chondrosarcoma requires differentiation
from other myxoid tumors of bone and soft tissue, such
as myxoma and myxoid liposarcoma. Myxoid chondrosar-
coma is a more cellular lesion than myxoma and con-
tains acid sulfated mucopolysaccharides in the matrix.
Myxoid liposarcoma can be excluded because it lacks the
well-differentiated features of cartilage, such as lacunar
formation around the chondroblasts.

Periosteal chondrosarcoma is occasionally difficult
to distinguish from the exostotic chondrosarcoma. In such
cases the continuity of the cancellous bone of osteo-
chondroma with that of the adjacent host bone may

A B
Figure 3-124 Histopathology of clear cell chondrosarcoma resembling osteosarcoma. A: Clear cell chondrosarcoma ex-
hibiting bundles and cords of fairly large, slightly polymorphic cells with water-clear cytoplasm and small hardly polymorphic
nuclei. Minimal reactive bone is present (right upper corner) (hematoxylin and eosin, original magnification �50). B: Tumor
with extremely marked bone formation mimics osteosarcoma. Clear cells in small clusters within the marrow spaces identify
this lesion as clear cell chondrosarcoma (hematoxylin and eosin, original magnification �25).

Figure 3-125 Histopathology of mesenchymal chon-
drosarcoma resembling fibrosarcoma. In areas without
chondroblastic differentiation and capillaries, distinction
from low-grade fibrosarcoma may be difficult (hematoxylin
and eosin, original magnification �25).
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indicate malignant transformation rather than a pe-
riosteal tumor. To make a distinction between pe-
riosteal chondrosarcoma and periosteal osteosarcoma is
extremely difficult. In fact, some investigators (68)
have previously considered these lesions to be iden-
tical. Although periosteal osteosarcoma is predomi-
nantly a chondroblastic tumor, unlike the large low-
grade cartilage present in periosteal chondrosarcoma,
the chondroid element in periosteal osteosarcoma is
usually high grade (16). Moreover, tumor osteoid is
formed by the malignant neoplastic cells of periosteal
osteosarcoma, a feature that is absent in periosteal
chondrosarcoma (357) (Fig. 3-126). Periosteal chon-
droma may mimic periosteal chondrosarcoma and vice
versa. There is overlap in the histologic appearance of
both lesions. Mirra et al. (49) contended that periosteal
chondrosarcomas are usually wider than they are long,
in contrast to periosteal chondromas.

The radiologic and pathologic differential diagnosis
of conventional chondrosarcoma, clear cell chondrosar-
coma, mesenchymal chondrosarcoma, dedifferentiated
chondrosarcoma, and periosteal chondrosarcoma is de-
picted in Figure 3-127.

Figure 3-126 Histopathology of periosteal chondrosar-
coma resembling periosteal osteosarcoma. Fairly regular-
ly appearing chondroblastic tissue borders loose connective
tissue (top) and is supported by trabecular bone (below) with
features of endochondral ossification, which is not part of
the tumor. That reactive bone formation mimics tumor bone
of osteosarcoma (hematoxylin and eosin, original magnifica-
tion �6).

A

Figure 3-127. A: The radiologic and pathologic differential diagnosis of conventional medullary chondrosarcoma (continued).
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B

C

Figure 3-127 Continued B: The radiologic and pathologic differential diagnosis of clear cell chondrosarcoma. C: The radio-
logic and pathologic differential diagnosis of mesenchymal chondrosarcoma. 
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D

E

Figure 3-127 Continued D: The radiologic and pathologic differential diagnosis of dedifferentiated chondrosarcoma. 
E: The radiologic and pathologic differential diagnosis of periosteal chondrosarcoma.
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Fibrogenic, fibroosseous, and fibrohistiocytic lesions
of bone represent a clinical spectrum ranging from very
innocent lesions requiring no treatment at all to highly
malignant neoplasms (36) (Table 4-1). All of these
lesions have a common dominant constituent cell, the
fibroblast (8,21). In general, fibrous lesions are com-
posed of spindle cells (i.e., fibroclasts and myofibroblasts
with characteristic ultrastructural features), which
produce a collagenous matrix and so-called ground
substance consisting of glycosaminoglycans, whereas
fibrohistiocytic lesions may or may not produce a col-
lagenous matrix (35). The term “fibrohistiocytic” is no
longer clearly defined. It was introduced for lesions

believed to be derived from histiocytes that could act as
facultative fibroblasts. Although this concept has been
seriously questioned, the term is still in use for descrip-
tive purposes (176).

Although some fibrous lesions, such as nonossifying
fibroma (NOF) or periosteal desmoid, are not regarded
as tumors or are categorized as miscellaneous lesions
by the World Health Organization (WHO), they are
included in this text for the purpose of differential
diagnosis (14).

Benign Lesions

Fibrous Cortical Defect and
Nonossifying Fibroma

Fibrous cortical defect (also called metaphyseal defect)
and NOF (formerly called nonosteogenic fibroma) are
the most common fibrous lesions of bone and have his-
tologically identical characteristics. Some authors prefer
the term fibroxanthoma for both lesions (2,21), whereas
Schajowicz (29) preferred the term histiocytic xan-
thogranuloma. These lesions are not true neoplasms but
are considered developmental defects (17), arising in
the region of the primary trabeculae of a tubular bone
and wandering toward the diaphysis as the bone grows in
length (26).

Only two cases of NOF have been so far investigated
cytogenetically, revealing a deletion of the short arm of
chromosome 4 [edl(4)(p14)] and a clonal chromosomal

CHAPTER

4
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Fibroosseous, and
Fibrohistiocytic Lesions
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translocation t(1;4)(p31:q34) involving the short arm
of chromosome 1 and the long arm of chromosome 4
(25,34).

Clinical Presentation

Seen predominantly in childhood and adolescence and
more commonly (2:1) in boys (5), both lesions have a
predilection for the long bones, particularly the femur
and the tibia (Fig. 4-1) (8). Fibrous cortical defect is
a small, asymptomatic lesion (31) that occurs in 30%
of the normal population during the first and second
decades of life (7,11,22). The term NOF is applied
to this lesion if it enlarges and encroaches on the
medullary portion of the bone (28). Depending on
age, the distance of these lesions from the growth plate
varies (26). When the longitudinal axis of a fibrous
metaphyseal defect projects in the direction of the epi-
physis it encounters a tendon or ligamentous structure
that inserts at the epiphyseal line (27). On the basis
of this finding, some investigators believe that such an
insertion, along with additional pathogenetic factors,
may be related in some degree to the development of
this lesion (27). Recent investigations have demon-
strated characteristic radiomorphologic stages of pro-
gression and regression of fibrous cortical defects (26).
At stage A they are located near the growth plate (31),
have a round to oval shape, and exhibit a fine sclerotic
margin. In stage B the lesion has wandered into the
metaphysis and represents a polycyclic form, also
delineated by a distinct sclerotic margin, giving the
lesion a grape-like appearance. Stage C represents the
beginning of the healing process and shows increased
mineralization, which characteristically begins at the
diaphyseal end of the lesion and progresses toward the
growth plate (19,26). Stage D represents complete
healing, and the lesion becomes sclerotic.

Most NOFs are asymptomatic, but larger ones may
undergo a pathologic fracture (1). Although multifocal
presentation is rare (3,12), Moser et al. (24) found that
about 8% of patients exhibit a multicentric localiza-

Table 4-1 Spectrum of Fibrous, Fibroosseous, and
Fibrohistiocytic Lesions of Bone

Condition Histopathology

Fibrous cortical defect Benign
(metaphyseal defect)

Nonossifying fibroma Benign
Benign fibrohistiocytoma Benign

(fibroxanthoma)
Congenital fibromatosis Benign
Periosteal desmoid Benign
Fibrous dysplasia Benign

Monostotic
Polyostotic

Osteofibrous dysplasia (Kempson- Benign
Campanacci lesion)

Desmoplastic fibroma Intermediate
Fibrosarcoma Malignant
Malignant fibrous histiocytoma Malignant

common sites

less common sites

Fibrous Cortical Defect and
Nonossifying Fibroma

age: 2-20
M > F

Figure 4-1 Fibrous cortical defect and nonossifying
fibroma: skeletal sites of predilection, peak age range,
and male-to-female ratio.

5480_Greenspan_Ch04p257-313.qxd  7/19/06  4:45 PM  Page 258



CHAPTER 4 Fibrogenic, Fibroosseous, and Fibrohistiocytic Lesions — 259

tion. The multiple lesions occur in four patterns: (a)
clustered together, usually around the knee; (b) non-
clustered, at opposite ends of long bones; (c) several
small lesions gradually coalescing into one large lesion;
and (d) a metachronous appearance, with new lesions
eventually appearing near the original lesion (24). Oc-
casionally such multiple NOFs are associated with neu-
rofibromatosis and café-au-lait spots, known as Jaffe-
Campanacci syndrome (23,30,32).

Imaging

Radiography is usually diagnostic (15). NOFs present
as elliptic, radiolucent defects confined to the cortex of
a long bone near the growth plate, frequently resem-
bling a bunch of grapes and demarcated by a thin scle-
rotic margin (Fig. 4-2). They range in size from 0.5 to
7 cm, with their long axes aligned with the long axis of
the affected bone (17). The larger defects are usually
scalloped and have a wider zone of sclerosis. Most
foci undergo spontaneous involution (healing) by the
remodeling process of the tubular bone with diaphy-
seal diminution of the diameter finally resulting in
osteosclerosis. A few lesions may continue to grow and
as they encroach on the medullary cavity they charac-
teristically display a scalloped, sclerotic border and
are located eccentrically within the bone (Figs. 4-3 and
4-4). Some of the larger lesions may be complicated by
a fracture (Fig. 4-5).

Skeletal scintigraphy shows a minimal to mild
increase in activity (4). During the healing phase, mild
hyperemia may be seen on the blood pool image, and
the positive delayed scan reflects the osteoblastic activity
(16). Computed tomography (CT) may demonstrate to

better advantage the cortical thinning and medullary
involvement (Fig. 4-6) and may more precisely delineate
early pathologic fracture. Hounsfield attenuation values
for NOF are higher than for normal bone marrow.
Magnetic resonance imaging (MRI), usually performed
for another reason, shows a low signal intensity on

Figure 4-2 Fibrous cortical defect and nonossifying fibroma. A: Fibrous cortical defect, seen here in the lateral cortex
of the distal tibia in a 13-year-old boy, typically presents as a radiolucent lesion demarcated by a thin zone of sclerosis (arrow).
B: When a fibrous cortical defect encroaches on the medullary cavity, it is called a nonossifying fibroma. Note the similarity of
the lesion to that in A. The only difference is the size.

A B

Figure 4-3 Nonossifying fibroma. The lesion, seen here in
the distal tibia in an asymptomatic 15-year-old boy, appears
eccentrically located in the bone and has a scalloped sclerotic
border.
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Figure 4-4 Nonossifying fibroma. A, B: Anteroposterior and lateral radiographs show a large elliptical, lobulated lesion in
the proximal tibial diaphysis exhibiting well-defined sclerotic border. Note the eccentric location of the lesion, which only
slightly scallops the endosteal aspect of the anteromedial cortex.

A B

Figure 4-5 Nonossifying fibroma: a pathologic fracture.
A large radiolucent lesion in the distal tibia of a 10-year-old
boy is complicated by a pathologic fracture.
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A B

C

Figure 4-6 Nonossifying fibroma (NOF): computed tomog-
raphy (CT). A: Oblique radiograph of the right tibia of a 14-
year-old girl shows an elliptical radiolucent lesion with sclerotic
border. B: Axial CT section shows the intramedullary lesion
with well-defined sclerotic border extending into the anterior
cortex of the tibia. C: Coronal reformatted CT shows the full ex-
tent of NOF. Observe thinning of the anterior cortex.
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T1-weighted sequences (17) (Figs. 4-7 and 4-8B). On T2
weighting the lesion exhibits either low signal (more
common) or high signal intensity (less common) (20)
(Fig. 4-8C). After gadolinium diethylenetriamine–penta-
acetic (DTPA) injection, NOFs invariably exhibit a hy-
perintense border and signal enhancement (27) (Fig. 
4-8D). Mineralization of the lesion during healing
(stages C and D) appears predominantly as low signal
intensity on MR images.

Histopathology

Histologically identical regardless of size, fibrous cortical
defect and NOF are composed of rather bland
monomorphous spindle cells admixed with histiocytic
cells that often possess a clear or foamy cytoplasm (33).
The cells are frequently arranged in a swirling storiform
pattern (derived from Greek and implying resemblance
to a woven mat), typical of fibrohistiocytic lesions, but a
fascicular arrangement may also be seen (Fig. 4-9). A
variable number of lipid-bearing xanthomatous cells and
of hemosiderin pigment–laden histiocytes may be pres-
ent (29) (see Fig. 4-9C). In some cases, unusually heavily
lipidized fibroxanthomatous areas are predominant.
Such lesions have been referred to as xanthoma or
fibroxanthoma by some investigators (2). Xanthomas in
bone may also rarely be associated with juvenile xan-
thogranuloma or xanthoma disseminatum, a cutaneous

form of non–Langerhans cell histiocytosis, and with
hyperlipidemia, usually found at older ages and in atypi-
cal skeletal sites, such as flat bones, or as diaphyseal
lesions (9,10,13). In hyperlipidemia, cutaneous xanthe-
lasmas and detectable disturbances in lipid values may
be absent at the time of bone manifestations (9). Osteo-
clast-like giant cells are usually present in NOF (Fig. 4-
10) and, when numerous, may lead to confusion with
giant cell tumor of bone (18). Typically, variable num-
bers of inflammatory cells, especially lymphocytes, and a
few plasma cells are scattered in the background. The
amount of collagen production may vary, but no bone or
cartilage formation should be present unless a frac-
ture or previous surgical disruption of the lesion has
occurred. Exceptionally, bizarre pseudosarcomatous
nuclear features may be regarded as degenerative or
ischemic changes that may raise the suspicion of malig-
nancy when radiologic and clinical details are not taken
into consideration (6).

Differential Diagnosis

Radiology

Both fibrous cortical defect and NOF have rather char-
acteristic imaging features (see previous discussion)
that make radiography diagnostic. Rarely, a fibrous cor-
tical defect affecting the posterior aspect of the distal

Figure 4-7 Nonossifying fibroma: magnetic
resonance imaging (MRI). A: Anteroposterior
radiograph of the right fibula of a 14-year-old
girl shows an eccentric well-defined radiolucent
lesion with sclerotic border. Note thinning of
the medial cortex and a pathologic fracture (ar-
row). B: Coronal T1-weighted MRI shows the
lesion exhibiting low signal intensity.

A B
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A B

C D
Figure 4-8 Nonossifying fibroma (NOF): magnetic resonance imaging (MRI). A: Anteroposterior radiograph shows a
radiolucent lesion with sclerotic border abutting the posteromedial cortex of the right femur. B: Sagittal T1-weighted MRI
shows predominantly low signal intensity of the lesion. C: Sagittal T2-weighted image shows heterogeneous but mostly high
signal intensity of NOF. D: Sagittal T1-weighted fat-suppressed MRI after intravenous injection of gadolinium shows slight
heterogeneous enhancement of the lesion.
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Figure 4-9 Histopathology of nonossifying fibroma.
A: Fibrous stroma displays a storiform arrangement. Several
giant cells are present (hematoxylin and eosin, original mag-
nification �100). B: The fibrous stroma exhibits a storiform
arrangement of slender cells (hematoxylin and eosin, origi-
nal magnification �200). C: At high magnification several
foam cells are conspicuous (hematoxylin and eosin, original
magnification �400).

Figure 4-10 Histopathology of nonossifying fibroma. A: Siderin-containing macrophages are irregularly distributed within
a fairly dense spindle cell tissue (Giemsa, original magnification �200). B: In another area the number and the size of the
giant cells containing up to 50 nuclei resemble that of a true giant cell tumor of bone (hematoxylin and eosin, original
magnification �50). 

A B
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osteofibrous dysplasia should be considered in differential
diagnosis (Fig. 4-14).

Pathology

NOF can be confused with benign fibrous histiocytoma
because both lesions have almost identical histopatho-
logic features, differing mainly in their clinical and radi-
ologic presentation. A storiform architecture in a hyper-
cellular NOF or pseudosarcomatous nuclear changes
can lead to confusion with malignant fibrous histiocytoma
(MFH) or unclassified sarcoma if the pathologist is unfamil-
iar with the clinicopathologic spectrum of fibrous corti-
cal defect and NOF. Less likely differential possibilities
are giant cell tumor, fibrous dysplasia, osteofibrous dysplasia,
or low-grade intraosseous osteosarcoma. Although giant cells
are almost always present in NOF, they are not uniformly
distributed throughout the lesion as in giant cell tumor
(see Figs. 4-10 and 7-10). Because bone formation is not
a feature of NOF, all three lesions—fibrous dysplasia, os-
teofibrous dysplasia, and low-grade osteosarcoma—can
easily be distinguished. If xanthoma cells are numerous
and a storiform pattern of fibrohistiocytic cells is not ob-
vious, disturbances of lipid metabolism (in elderly
patients) or non–Langerhans cell histiocytic disorders (in
children or adolescents, ordinarily involving also the
dermis) with osseous manifestations must be considered.

The radiologic and pathologic differential diagnosis
of NOF is depicted in Figure 4-15.

Figure 4-10 Continued C: At high magnification the
resemblance of giant cells to those of a giant cell tumor is
striking (hematoxylin and eosin, original magnification
�400).

C

Figure 4-11 Healed nonossifying fibroma. A lesion that
healed spontaneously may persist as a sclerotic patch. In this
sclerosing phase, nonossifying fibroma should not be mis-
taken for osteoblastic tumor or bone island.

femur may be mistaken for periosteal desmoid, and a NOF
in long or flat bones may be mistaken for a focus of
fibrous dysplasia or desmoplastic fibroma. An atypical
sclerotic presentation of NOF or healing stage of this
lesion may occasionally be confused with a medullary
bone infarct, sclerotic metastasis, or a giant bone island (Fig.
4-11). If a lesion is located in thin bones (e.g., fibula,
ulna) and occupies the entire diameter of the bone, its
characteristic eccentric location is lost and it may there-
fore mimic a simple bone cyst (Fig. 4-12), an aneurysmal
bone cyst (Fig. 4-13), or a Langerhans cell histiocytosis.
Whenever NOF affects the anterior aspect of the tibia,

Figure 4-12 Nonossifying fibroma resembling a simple
bone cyst. Multiloculated lesion in the distal fibula mimics a
simple bone cyst. Periosteal reaction at the lateral cortex is
secondary to a healed pathologic fracture.
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Benign Fibrous Histiocytoma

The term benign fibrous histiocytoma (sometimes
called xanthofibroma or fibrous xanthoma) may be
controversial (36,42,47), but it is useful in an organi-
zational sense for subclassification of lesions with
histologic features similar to those of NOF but having
an atypical location and an atypical clinical or radi-
ographic pattern (45,46,48). This is a rare lesion
characterized by a spindle cell fibrous tissue arranged
in a storiform pattern. The tissue contains variable
numbers of giant cells, hemosiderin, and lipid-laden
histiocytes (45).

Clinical Presentation

The lesion, which is often symptomatic (painful), is
usually diagnosed in older patients who are in the age
range from 15 to 60 years. The usual location is the
shaft or (in contrast to NOF) the articular end of a long
bone, the pelvis, and the ribs. Rarely, the clavicle, spine,
or skull is affected (29) (Fig. 4-16). Clinically, the lesion
can exhibit a locally aggressive behavior, with recur-
rences after curettage or excision.

Imaging

Radiographically, benign fibrous histiocytoma may
also appear to be more aggressive than NOF, although
some features are similar. Radiographs show a well-
defined, radiolucent lesion with sclerotic borders, oc-
casionally exhibiting some degree of expansion (41)
(Fig. 4-17). Internal trabeculations may also be pres-
ent (38). The lesion may be situated either centrally
in the bone or eccentrically, the latter presentation
being more common at the articular end of bone
(43). On skeletal scintigraphy, benign fibrous histio-
cytoma exhibits a moderately increased uptake (41).
MRI shows the lesion to be of intermediate signal in-
tensity (isointense with the muscles) on spin-echo
(SE) T1-weighted sequences and of a high signal in-
tensity on T2- and inversion time–inversion recovery
(TI-IR) images (37,41).

Histopathology

Benign fibrous histiocytoma usually has histologic
features quite similar to those of NOF, although the
storiform spindle cell stroma is more distinctive (29,44)

Figure 4-13 Nonossifying fibroma resembling an aneurys-
mal bone cyst. A large lesion in the fibula exhibits an expan-
sive character and thus resembles an aneurysmal bone cyst.
Note, however, the absence of a periosteal reaction that is
invariably present in the latter lesion.

Figure 4-14 Nonossifying fibroma resembling osteofi-
brous dysplasia. Lateral radiograph of the leg shows a long
lesion with sclerotic border affecting the anterior cortex of
the tibia and extending into the medullary portion of bone.
Because this is a preferential location for osteofibrous dyspla-
sia, the latter diagnosis must be considered. 

266 — Differential Diagnosis in Orthopaedic Oncology
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(Fig. 4-18). The background may contain larger num-
bers of histiocytic cells and Touton-type giant cells seen
in xanthomatous tissue reactions (39) or in MFH.
Although frankly malignant histologic criteria are absent
and no cytologic atypia is seen, mitotic activity may be
present (40). Reactive bone formation may be seen at
the periphery of the lesion or in association with a
pathologic fracture through the lesion (36).

Differential Diagnosis

Radiology

From the radiologic standpoint, the main differential
possibilities include NOF and giant cell tumor, particularly
when benign fibrous histiocytoma is situated at the artic-
ular end of bone. The radiographic features of NOF may
be indistinguishable from those of benign fibrous histio-
cytoma, although the more aggressive appearance of the
latter (such as an expanding border) and the location,
which is atypical for NOF, are the clues to the diagnosis.
Giant cell tumor only rarely exhibits a rim of reactive scle-
rosis, whereas this is a common feature of benign fibrous
histiocytoma. Although intraosseous ganglion is usually
much smaller than the average size of benign fibrous his-
tiocytoma, the former should be considered in differen-
tial diagnosis if the lesion occurs at the articular end of a
bone. Osteoblastoma, unlike benign fibrous histiocytoma,
usually evokes a periosteal reaction and exhibits central
opacities of bone formation.

Pathology

The differentiation of NOF and fibrous cortical defect from
benign fibrous histiocytoma must be made on a clinical
and radiographic basis rather than on histologic
grounds (36) because the microscopic appearance of all
three lesions is almost identical (Fig. 4-19).

Giant cell tumor always must be considered in the
differential diagnosis. It is particularly difficult to dis-
tinguish a giant cell tumor that undergoes regressive
changes and, conversely, some giant cell tumors with
regressive features may erroneously be diagnosed as
benign fibrous histiocytoma (38). Furthermore, the
healing reaction associated with a pathologic fracture
in a giant cell tumor can lead to proliferation of spin-
dle cells with associated lipid- and hemosiderin-laden
macrophages, giving the appearance of benign fibrous
histiocytoma (36). Finally, some investigators consider
benign fibrous histiocytoma a regressive stage of a
burned-out giant cell tumor (43).

The radiologic and pathologic differential diag-
nosis of benign fibrous histiocytoma is depicted in
Figure 4-20.

Periosteal Desmoid

Periosteal desmoid (also known as avulsive cortical
irregularity, distal metaphyseal femoral defect, corti-
cal desmoid, or medial supracondylar defect of the
femur) (52) is a tumor-like fibrous proliferation of

Figure 4-15 Radiologic and patho-
logic differential diagnosis of non-
ossifying fibroma.
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Benign Fibrous Histiocytoma

age: 15-60
M = F 

common sites

less common sites

Figure 4-16 Benign fibrous histiocytoma: skeletal sites of
predilection, peak age range, and male-to-female ratio.

Figure 4-17 Benign fibrous histiocytoma. A: A 37-year-old
man presented with occasional pain in the right knee. An
oblique radiograph of the knee shows a lobulated radiolu-
cent lesion with a well-defined sclerotic border, located
eccentrically in the proximal tibia. B: A 16-year-old boy
presented with a painful tibial lesion that on radiography
looked like a nonossifying fibroma. Because of persistent
symptoms the lesion was biopsied and proved to be consis-
tent with a benign fibrous histiocytoma.

A

B
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the periosteum, which has a striking predilection for
the posteromedial cortex of the medial femoral condyle
(50). It was first described in 1951 by Kimmelstiel and
Rapp (54) as a benign fibrous lesion originating
beneath the periosteum and associated with erosion of
the underlying bone. Although the term periosteal
desmoid is widely accepted, it has an unfortunate simi-
larity to the term desmoid tumor of soft tissue and
therefore is suggestive of an aggressive lesion (35).
Periosteal desmoid usually occurs between the ages of
12 and 20 years, mainly in boys, and most lesions disap-
pear spontaneously by the end of the second decade. It
is considered to represent an asymptomatic normal vari-
ant that does not require biopsy or treatment. Although
many patients have a history of injury, trauma does not
necessarily predispose to the development of this lesion
(56). The radiologic features of periosteal desmoid are

Figure 4-18 Histopathology of benign fibrous histiocytoma. A: Benign-appearing fibrous tissue displays a storiform
arrangement (hematoxylin and eosin, original magnification �100). B: Giant cells and some inflammatory cells are present.
The spindle cells do not exhibit atypical features (hematoxylin and eosin, original magnification �200).

A B

Figure 4-19 Histopathology of benign fibrous histiocytoma. A: Densely arranged spindle cells exhibit a cartwheel-like
arrangement (center). In contrast to nonossifying fibroma, giant cells are rarely encountered (hematoxylin and eosin, original
magnification �50). B: Spotty increase of collagen fiber formation (red) resembles primitive osteoid (van Gieson, original
magnification �20).

A B

similar to those of fibrous cortical defect, except for the
specificity of its location. Its radiographic hallmarks are
a saucer-like radiolucent defect with sclerosis at its base.
The lesion may erode the cortex (55) and appear as a
cortical irregularity (Fig. 4-21). Occasionally, because of
its poorly defined and irregular bony margin and the
presence of small bony spiculae at the cortical surface, it
may simulate an aggressive or even a malignant tumor,
such as osteosarcoma or Ewing sarcoma (49,50). The
bone scan usually is normal but sometimes may show a
focal increase in activity (17,53,57). On MRI the lesion
appears hypointense on T1- and hyperintense on T2-
weighted images, with a dark rim on both sequences
at or near the sites of the bone attachment of the medial
head of the gastrocnemius muscle (58). Histopathologic
examination of the lesion demonstrates fibroblastic spin-
dle cells that produce large amounts of collagen (51)
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Figure 4-20 Radiologic and pathologic
differential diagnosis of benign fibrous
histiocytoma.

Figure 4-21 Periosteal desmoid. A: Oblique radiograph of the left knee of a 12-year-old boy shows the classic appearance of
periosteal desmoid. Note the elliptical radiolucency eroding the medial border of the distal femoral metaphysis at the linea
aspera and producing cortical irregularity (arrow). B: In another patient, an 11-year-old boy, a saucer-like defect is present in
the medial cortex of the distal femoral metaphysis (arrow).

A B

(Fig. 4-22). Large areas of hyalinization and fibrocarti-
lage and small fragments of bone may be scattered
within the fibrous tissue. Newly formed capillaries may
also be present. Unlike NOF or fibrous cortical defect,
giant cells or xanthomatous cells are not present. The
most important point in the differential diagnosis is not
to mistake this lesion for a malignancy. Its characteristic
radiographic appearance and location should serve as
clues to the correct diagnosis.

The radiologic and pathologic differential diagnosis
of periosteal desmoid is shown in Figure 4-23.

Fibrous Dysplasia

Fibrous dysplasia, occasionally termed fibrous osteodys-
trophy, osteodystrophia fibrosa, and osteitis fibrosa
disseminata (70), is a fibroosseous lesion that may affect
one bone (monostotic form, 70% to 80% of patients) or
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several bones (polyostotic form, 20% to 30%) (98). Clas-
sified as a developmental abnormality by some authori-
ties, it is now considered as a genetically based sporadic
disorder and is characterized by the replacement of nor-
mal lamellar cancellous bone by an abnormal fibrous tis-
sue that contains small, abnormally arranged trabeculae
of immature woven bone (17,91,118), formed by meta-
plasia of the fibrous stroma. Fibrous dysplasia presents
with an equal gender distribution and occurs in all

ethnic groups. Although monostotic fibrous dysplasia is
usually diagnosed in young adults and polyostotic forms
in children and adolescents, syndrome-associated lesions
may be detected as early as in infancy (118).

A mutation in the GNAS1 gene that codes for the al-
pha-subunit of a signal transducing membrane protein
(Guanine Nucleotide-finding Protein, Alpha-Stimulating
Activity Polypeptide 1) is involved in fibrous dysplasia.
This protein belongs to the group of guanine nu-
cleotide binding proteins, or G-proteins, involved in sec-
ond messenger cascades. Because mutations in this
autosomal gene located on 20q13 are lethal, only postzy-
gotic mutations leading to mosaicism, i.e., to the exis-
tence of two cell lines with a different genetic makeup
within one individual, are observed (81,82). Depending
on whether it occurs during embryonic development or
postnatal life, it is believed that the mutation will lead to
monostotic or polyostotic fibrous dysplasia or to Mc-
Cune-Albright syndrome. The GNAS1 mutation is of the
activating type, causing increased activity of the enzyme
adenylcyclase, which leads to overproduction of cyclic
adenosine monophosphate (cAMP) (117). This affects
proliferation and differentiation of preosteoblasts by
increasing the expression of genes that contain cAMP-
responsive elements, such as c-fos, c-jun, IL-6, and Il-11
(65,67,101,102,113).

Clonal chromosomal alterations have been reported
in 8 of 11 investigated cases of monostotic fibrous
dysplasia, with structural recurrent aberrations of chro-

Figure 4-22 Histopathology of periosteal desmoid. The
cortical bone (lower left) is made up of coarse plates of cell-
rich woven bone merging with benign-appearing fibrous
tissue (hematoxylin and eosin, original magnification �12).

Figure 4-23 Radiologic and patho-
logic differential diagnosis of pe-
riosteal desmoid.
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mosome 12 (12p13) and trisomy 2 in three cases each,
suggesting that fibrous dysplasia may be a neoplastic
process (73).

Monostotic Fibrous Dysplasia
Clinical Presentation

Most commonly affecting the femur (with a predilec-
tion for the femoral neck), the tibia, the ribs (repre-
senting the most common benign lesion of the rib),
and the base of the skull, the lesion of monostotic
fibrous dysplasia arises centrally in the bone; it usually
spares the epiphysis in children and the articular
end of the bone in adults (83). The incidence in men
and women is the same (Fig. 4-24). Because these
lesions are usually asymptomatic, most of them are
discovered incidentally on radiographs obtained for
other reasons. Rarely, pain accompanied by local
swelling and deformity is present. The most common
complication is a pathologic fracture through the
structurally weakened bone. This may be the initial
presentation, particularly for lesions located in the
lower extremity (29).

Imaging

The radiographic appearance of the lesion depends
on the proportion of osseous to fibrous tissue. Lesions
with higher degrees of ossification appear more dense
and sclerotic. More fibrous lesions exhibit a greater
radiolucency, with a characteristic “ground-glass” or
even cystic appearance (Fig. 4-25). Some lesions may
contain scattered calcifications similar to those of
chondroid lesions. A solitary focus of fibrous dysplasia
may be surrounded by a characteristic thick band of
reactive bone, creating a “rind” sign (Fig. 4-26). This
appearance of fibrous dysplasia must be differentiated
from the very similar presentation of a bone infarct
(see Fig. 4-43B). When the lesion enlarges, it expands
the medullary cavity. Although the cortex may be
attenuated and even remodeled around the lesion, it
is rarely directly involved by the lesion. In extremely
rare instances, lesions of fibrous dysplasia may pro-
trude from the bone (the so-called exophytic variant
of fibrous dysplasia) (75).

Scintigraphy is helpful in determining the activity
(Fig. 4-27) and the potential multicentricity of the lesion
(86). Machida et al. (100) reported that although a high
incidence of increased uptake of radiopharmaceutical
was seen in 59 patients with fibrous dysplasia, 10% of the
lesions with a ground-glass appearance failed to show
similarly increased uptake.

The lesion of fibrous dysplasia shows a variety of
appearances on MRI (94). Some lesions show a
decreased signal on both T1 and T2 sequences and
some low signal on T1 but either mixed or high signal
on T2 images (90). The sclerotic rim (rind sign) is
invariably imaged as a band of low signal intensity on
both T1 and T2 sequences (122).

Histopathology

Histologically, fibrous dysplasia consists of an aggregate
of moderately dense fibrous connective tissue composed

Monostotic Fibrous Dysplasia

age: 10-50
M = F 

common sites

less common sites

Figure 4-24 Monostotic fibrous dysplasia: skeletal sites
of predilection, peak age range, and male-to-female
ratio.
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Figure 4-25 Monostotic fibrous dysplasia. A: Anteroposterior radiograph of the distal leg of a 17-year-old girl shows a
monostotic focus of fibrous dysplasia in the diaphysis of the tibia. Observe the slight expansion and thinning of the cortex and
the partial loss of trabecular pattern in the cancellous bone, which gives the lesion a “ground-glass” or “smoky” appearance.
B: Anteroposterior radiograph of the right hip in a 25-year-old man shows the focus of fibrous dysplasia in the femoral neck
that exhibits a more sclerotic appearance than that seen in A.

of spindle cells arrayed in intersecting, whorled bundles
containing haphazardly distributed bone trabeculae.
Rather than being stress oriented, as in normal cancel-
lous bone, these trabeculae tend to be irregularly curved
and branching with sparse interconnections (62,107).
The collagen fibers of the stroma are characteristically
continuous with those of the bone trabeculae, reminis-
cent of Sharpey fibers. The low-power photomicro-
graphic picture has been likened to Chinese characters
or even alphabet soup (Fig. 4-28). Although bone tra-
beculae contain osteocytes, they exhibit no evidence of
osteoblastic activity. In some areas, cementicles-like
rounded trabeculae may be present (Fig. 4-29) and scat-
tered osteoclasts may be found. Areas of hyaline carti-
lage may rarely be present. Under polarized light, the
bone trabeculae are seen to be composed of woven im-
mature bone (Fig. 4-30). The cells of the stroma and of

the trabeculae show a strong alkaline phosphatase activ-
ity, indicating that they are all potential osteoblasts. It
appears that an organizational defect, now identified as
mutation of the GNAS1 gene, prevents them from differ-
entiating into fully mature, polarized osteoblasts capable
of forming normal lamellar bone. The lack of seams of
polarized osteoblasts at any stage in their maturation
(“naked trabeculae”) and the direct passage of the colla-
gen fibers from the stroma into the bone trabeculae
are the most important characteristics in differential
diagnosis (see Fig. 4-29). Therefore, the bone formed is
considered immature (see Fig. 4-30). Furthermore, typi-
cal findings on electron microscopy consist of fairly ex-
tended areas with collagen fibrils in the precollagen
stage and in continuation with normal-appearing ma-
ture collagen fibrils and calcification (Remagen, unpub-
lished observations, 1996) (Fig. 4-31).

A B

5480_Greenspan_Ch04p257-313.qxd  7/19/06  4:46 PM  Page 273



Figure 4-26 Monostotic fibrous dyspla-
sia. A: In this presentation of fibrous
dysplasia the thick peripheral rim and a ra-
diolucent center create the image of a
“rind” sign. B: In another patient a similar
rind sign marks a focus of fibrous dysplasia.
C: Computed tomography section through
the lesion shows a thick rim of peripheral
sclerosis (arrows).

A B

Figure 4-27 Monostotic fibrous dysplasia: scintigra-
phy. A: A 24-year-old woman presented with mild dis-
comfort in the right leg. Anteroposterior radiograph
shows a radiolucent lesion with a “smoky” appearance in
the midshaft of the tibia, associated with thinning of the
cortex and slight expansion. B: Radionuclide bone scan
shows markedly increased uptake of the radiopharma-
ceutical agent, indicating metabolic activity of fibrous
dysplasia.

A B
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Figure 4-28 Histopathology of fibrous dysplasia. A: Metaplastic trabeculae are haphazardly arranged in loose, fibrous
stroma. Note lack of osteoblastic activity (hematoxylin and eosin, original magnification �200). B: Collagen, reminiscent of
Sharpey fibers, extends into the stroma surrounding the trabeculae. Note the absence of osteoblastic rimming (van Gieson,
original magnification �200)

A B

Figure 4-29 Histopathology of fibrous dysplasia. Variant
of classic histologic appearance with small, discrete, almost
osteocyte-free foci of calcified matrix that resemble the ce-
menticles usually seen in cementifying fibromas of the jaw.
The scanty spindle cell stroma shows the typical passing of
the collagen fibers into the bone (hematoxylin and eosin,
original magnification �25).

Figure 4-30 Histopathology of fibrous dysplasia. A: In a background of collagenized fibrous tissue, irregularly shaped
spicules of immature woven bone have been formed. No polarized differentiated osteoblasts are seen (hematoxylin and eosin,
original magnification �50). B: Under polarized light the woven structure of the collagen fibers within the bone matrix is con-
spicuous (hematoxylin and eosin, polarized light, original magnification �25).

A B
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Figure 4-31 Electron microscopy of fibrous dysplasia.
Mature cross-striated collagen fibrils are seen (upper right
corner) as well as an extended area with immature collagen
fibrils. Mineralization of the matrix progresses (lower left) re-
gardless of the structure and maturation of the collagen.

Polyostotic Fibrous Dysplasia
Clinical Presentation

Although radiographically similar to the monostotic
form, polyostotic fibrous dysplasia often exhibits a
somewhat more aggressive appearance. Moreover, the
lesions are distributed differently in the skeleton, show-
ing a striking predilection (more than 90% of cases)
for one side of the body. They often involve the pelvis,
followed in frequency by the long bones, skull, and
ribs; the proximal end of the femur is a common site of
occurrence (Fig. 4-32). In general, the lesions of
polyostotic fibrous dysplasia progress in number and
size until skeletal maturity is reached, after which they
become quiescent. Only 5% of lesions continue to en-
large. Unlike the monostotic form, this variant of
fibrous dysplasia is usually symptomatic. In most pa-
tients the presenting symptoms, such as a limp, leg
pain, or a pathologic fracture, result from skeletal
involvement. However, at a very early age, associated
endocrine abnormalities (such as vaginal bleeding)
usually appear first (119).

Polyostotic fibrous dysplasia that is associated with
endocrine disturbances (i.e., premature sexual devel-
opment, gigantism or acromegaly, hyperthyroidism, hy-
perparathyroidism, and Cushing syndrome) and skin
pigmentation (café-au-lait spots) constitutes the disor-
der called McCune-Albright syndrome (59,106). This
condition, which is caused by somatic mutations in the

Figure 4-32 Polyostotic fibrous dysplasia: skeletal sites of
predilection, peak age range, and male-to-female ratio.
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GNAS1 gene located in chromosome 20q13 (68),
appears to predominantly affect girls, who exhibit
true sexual precocity resulting from accelerated go-
nadotropin release by the anterior lobe of the pituitary.
However, a recent study indicates that, in a substantial
number of cases, children treated for isolated fibrous
dysplasia actually have unrecognized McCune-Albright
syndrome, which becomes apparent when appropriate
tests are performed (80). Typically, the café-au-lait
spots of McCune-Albright syndrome show irregular,
ragged (“coast of Maine”) borders, in contrast to the
smoothly marginated (“coast of California”) café-au-lait
markings seen in neurofibromatosis. Mazabraud syn-
drome is a condition in which multiple fibrous and fi-
bromyxomatous soft tissue tumors occur in association
with polyostotic fibrous dysplasia (79,89,120). In this
syndrome, which was first described by German pathol-
ogist F. Henschen in 1926 (84) and later reemphasized
by French physician A. Mazabraud in 1967 (105), it is
important to recognize the soft tissue masses as benign
myxomas (60,63,95,109) and not to confuse them with
malignant soft tissue tumors that may develop de novo
(e.g., MFH, malignant mesenchymoma, or liposar-
coma), or those that may be present in cases of malig-
nant transformation of fibrous dysplasia.

The most common complication of polyostotic fi-
brous dysplasia is a pathologic fracture that, when it
occurs in the femoral neck, frequently leads to a “shep-
herd’s crook” deformity (Fig. 4-33). Occasionally, accel-
erated growth of a bone or hypertrophy of a digit may
be observed. The development of a sarcoma in fibrous
dysplasia is extremely rare, but it may occur either
spontaneously (93,114,116,123) or, more commonly,
after radiation therapy (115,123).

Imaging

The characteristic radiographic changes of polyostotic fi-
brous dysplasia may occur in any portion of the long
bones, and involvement of the bone by the lesion may be
limited or extensive. The lower extremities are most
commonly affected, with a preferentially unilateral distri-
bution. As in the monostotic form, the articular ends of
bones are usually unaffected. This latter phenomenon
has given rise to speculations that a defect of the primary
ossification center may lead to impairment of the pro-
duction and maintenance of mature cancellous bone.
The cortex, as in the solitary form, is usually intact but is
often thinned because of the expansive nature of the le-
sion. The borders of the lesion are well defined, and the
inner cortical margins may exhibit scalloping. The vari-
able amount of bone in the fibrous tissue that replaces
the cancellous bone imparts a radiographic picture that
ranges from lucency to increased density (Fig. 4-34A).
More fibrous lesions exhibit greater lucency, occasion-
ally with a loss of the trabecular pattern, and a ground-
glass, milky, or smoky appearance (Fig. 4-34B). Massive
formation of cartilage may be observed in the lesion, ac-
companied by secondary calcification and ossification
patterns, known as fibrocartilaginous dysplasia or fibro-
chondrodysplasia (76,85,88,97), that can easily be con-
fused radiographically with a cartilaginous neoplasm

Figure 4-33 Polyostotic fibrous dysplasia. A “shepherd’s-
crook” deformity, seen here in the proximal femur in a 
12-year-old boy, is often the result of multiple pathologic
fractures.

(Fig. 4-35) (72,74). This condition should not be con-
fused with so-called focal fibrocartilaginous dysplasia of long
bones (66), which occurs mainly in children and young
adults. Characteristically, it affects the proximal tibia, al-
though other long bones, such as the ulna and femur,
may sometimes be involved. Radiographic examination
ordinarily shows a radiolucent lesion in the medial meta-
diaphyseal segment of the bone and perilesional cortical
thickening (Fig. 4-36).

Skull lesions in fibrous dysplasia affect primarily the
base, causing thickening and sclerosis of the sphenoid
wings, sella, and the vertical portion of the frontal
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Figure 4-34 Polyostotic fibrous dysplasia. A: Anteroposterior radiograph of the right hip of an 18-year-old woman shows
unilateral involvement of the ilium and femur. Some lesions are more radiolucent, some more sclerotic. B: In this anteroposte-
rior radiograph of the left leg of a 5-year-old girl with precocious puberty whose left upper and lower extremities were af-
fected (McCune-Albright syndrome), note slight expansion of the tibia and fibula associated with thinning of the cortex and
“ground-glass” appearance of the medullary portion of these bones.

A B
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Figure 4-35 Fibrocartilaginous dysplasia. A: Anteroposterior radiograph of the right femur of a 10-year-old boy with
polyostotic fibrous dysplasia exhibits typical appearance of a massive formation of cartilage. B: Coned-down view of the prox-
imal femur displays annular calcifications typical for a cartilaginous matrix.

Figure 4-36 Focal fibrocartilaginous dysplasia of long
bones. Anteroposterior radiograph of the left knee of a 2-
year-old boy shows a well-defined radiolucent lesion in the
medial diaphysis of the tibia associated with focal thickening
of the cortex. (Courtesy of Dr. Peter Salamon, Sacramento,
California.)

A B
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Figure 4-37 Polyostotic fibrous dysplasia: scintigraphy. A: Anteroposterior radiograph of the right proximal femur shows
several radiolucent lesions particularly in the intertochanteric and subtrochanteric areas. B: Total body radionuclide bone scan
demonstrates additional sites of involvement.

bone (17,64). Less commonly, the vault of the skull is
affected (112). The severe form of craniofacial fibrous
dysplasia has been termed “leontiasis ossea,” because
marked deformities combined with bone enlargement
resemble a lion’s face (78).

Because of increased uptake on skeletal scintigra-
phy, radionuclide bone scanning is the most rapid way
to determine the distribution of skeletal lesions
(69,100) (Fig. 4-37). This examination may also dis-
close unsuspected sites of involvement (Fig. 4-38). CT
can accurately delineate the extent of bone involve-
ment (71) (Fig. 4-39). Tissue attenuation values, as
measured by Hounsfield units (HU), are usually within
the 70- to 400-HU range (17), apparently reflecting
the presence of calcium and microscopic ossification
throughout the abnormal tissue. On MRI, fibrous dys-
plasia exhibits homogeneous, moderately low signal
intensity on T1-weighted images, whereas on T2
weighting the signal is bright (116,122) or mixed
(77,87,90). After gadolinium infusion, the majority of
lesions show central contrast enhancement and some
peripheral rim enhancement (90) (Figs. 4-40 and 
4-41). In general, signal intensity on T1- and T2-
weighted images and the degree of contrast enhance-
ment on T1 sequences depend on the amount and

degree of bone trabeculae, collagen, and cystic and
hemorrhagic changes (90).

Histopathology

The histologic appearance of polyostotic fibrous dys-
plasia is identical to that of the monostotic form. The
presence of small trabeculae of woven bone of various
sizes and shapes, scattered within a fibrous tissue with-
out evidence of osteoblastic activity, is diagnostic for
this disorder (17,42,47).

Differential Diagnosis

Radiology

If the lesion of fibrous dysplasia contains cartilage (fi-
brocartilaginous dysplasia) and displays visible calcifica-
tions, the differential diagnosis includes enchondroma (if
the lesion is solitary) or enchondromatosis (if the lesion is
polyostotic). In exceptional circumstances, a mono-
stotic presentation of fibrous dysplasia may mimic
desmoplastic fibroma (Fig. 4-42). If a solitary focus is pres-
ent in the tibia, osteofibrous dysplasia and adamantinoma
are the diagnostic possibilities. In the early phase of
development, particularly if the lesion is entirely radi-
olucent and is situated in the proximal humerus or

A B

Text continues on page 286
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Figure 4-38 Polyostotic fibrous dysplasia: scintigraphy. A: Radiograph of the right hip, obtained to exclude a fracture,
demonstrates an asymptomatic focus of fibrous dysplasia in the femoral neck. B, C: To determine other sites of involvement,
a radionuclide bone scan was obtained. In addition to the focus in the femoral neck, increased uptake of the tracer was
demonstrated at various other sites, but predominantly in the right leg. D: Subsequently obtained radiograph of the right
lower leg confirmed the presence of multiple foci of polyostotic fibrous dysplasia.

C D
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Figure 4-39 Polyostotic fibrous dysplasia: computed tomography (CT). A: Anteroposterior radiograph of the pelvis shows
multiple lesions in the left ilium and proximal left femur. The involvement of the sacrum is not well demonstrated. B: CT of the
pelvis precisely shows the extent of involvement of the left ilium and the sacrum. C: CT of the chest shows foci of fibrous
dysplasia in the posterior ribs. D: Magnified coned-down CT image of one of the affected ribs shows details of this condition:
observe the multiloculated appearance, expansion of the bone, pseudosepta, thinning of the cortex, and a pathologic
fracture.

C D
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Figure 4-40 Polyostotic fibrous dysplasia: magnetic resonance imaging (MRI). A: Anteroposterior radiograph of the
proximal left femur of a 23-year-old woman shows a geographic radiolucent lesion in the subtrochanteric region of the bone.
B: Coronal T1-weighted MRI shows the full extent of the lesion, which is of low signal intensity. Note that the lesion is much
larger than shown by radiography (continued).

A B
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Figure 4-40 Continued C: Axial T2-
weighted MRI shows high signal intensity
of the lesion. D: Coronal T1-weighted
MRI obtained after intravenous adminis-
tration of gadolinium shows mild central
enhancement.
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Figure 4-41 Polyostotic fibrous dysplasia: magnetic resonance imaging (MRI). A: Anteroposterior radiograph of the prox-
imal right leg of a 23-year-old woman shows a long lesion in the proximal tibia exhibiting a “ground-glass” appearance. The
bone is mildly expanded and the cortex is thin. B: Coronal T1-weighted MRI shows the lesion to be multifocal with isointense
signal similar to that of the skeletal muscles. C: Coronal T2-weighted MRI shows heterogeneous signal of the lesion ranging
from intermediate to high intensity. D: Coronal T1-weighted fat-suppressed MRI after intravenous injection of gadolinium
demonstrates slight enhancement of the lesion.
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proximal femur, a simple bone cyst should be considered.
When the lesion markedly expands the cortex, an
aneurysmal bone cyst is a possibility. On those rare occa-
sions when the lesion exhibits an eccentric location,
NOF must be excluded. Monostotic presentation with
a thick sclerotic rim at the periphery (rind sign), partic-
ularly in the proximal femur, must not be mistaken for

medullary bone infarct (Fig. 4-43) (111). Another lesion
that may mimic fibrous dysplasia in this location, partic-
ularly in the intertrochanteric region, is so-called
liposclerosing myxofibrous tumor (96). It is a benign fi-
broosseous lesion characterized by a complex mixture
of histologic elements that include lipoma, fibroxan-
thoma, myxoma, myxofibroma, fat necrosis, bone, and

Figure 4-42 Fibrous dysplasia resembling desmoplastic fibroma. Oblique (A) and lateral (B) radiographs of the left lower
leg of a 32-year-old woman demonstrate a large, trabeculated radiolucent lesion in the distal tibia. Because of its aggressive
features, it was thought to be a desmoplastic fibroma. However, biopsy proved it to be a fibrous dysplasia, a rare lesion at this
location in adults.

A B

Figure 4-43 Fibrous dysplasia
versus bone infarct. A: Two
separate foci of fibrous dyspla-
sia affecting the right femur
display a rind sign (proximal
lesion) and central calcifica-
tions (distal lesion). This pres-
entation resembles a bone in-
farct. B: Bone infarct located in
the neck of the right femur ex-
hibits a rind sign. Observe also
osteonecrosis of the femoral
head (arrow).

A B
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cartilage (111). Radiography usually reveals a well-
defined, geographic lytic lesion, with a sclerotic margin
and, commonly, with a mineralized matrix (Fig. 4-44).
Scintigraphy shows increased uptake of the radio-
pharmaceutical agent by the lesion (Fig. 4-45B). CT
and MRI are useful for further characterization of this
tumor and demonstration of its complex morphology
(Figs 4-45 and 4-46). On T1-weighted images the lesion
is relatively homogeneous, with signal intensity similar
to that of skeletal muscle (Fig. 4-45). T2 weighting
shows heterogeneous signal with intensity equal to or
greater than that of fat (96) (Figs. 4-45D and 4-46B).
An interesting lesion that can mimic fibrous dysplasia
in the fibula is pachydysostosis (“pachy” from the Greek,

meaning broad). This entity, only recently described
(103) in four children of ages 4 weeks to 4 years and af-
fecting exclusively the fibula, consists of widening and
elongation of this bone associated with lateral or poste-
rior bowing (Fig. 4-47). Predominantly lytic presenta-
tion of fibrous dysplasia affecting the articular end of
bone may be mistaken for a giant cell tumor (110).

Polyostotic fibrous dysplasia should be mainly differ-
entiated from enchondromatosis and neurofibromatosis. In
enchondromatosis, unlike in polyostotic fibrous dysplasia,
the lesions may extend into the articular ends of the
bone, and columns of radiolucent streaks extending
from the growth plate into the metaphyses are character-
istic of the former disorder. Neurofibromatosis affecting
the skeleton usually exhibits long bone deformities with-
out intramedullary changes typical of fibrous dysplasia.
A problem in differential diagnosis may arise if neurofi-
bromatosis is associated with multiple NOFs, so-called
Jaffe-Campanacci syndrome, which can mimic the lesion of
fibrous dysplasia (30). Faciocranial involvement by fi-
brous dysplasia can mimic Paget disease; however, the
latter entity primarily affects the outer table and spares
the facial bones. Another craniofacial disorder, known as
cherubism, is frequently mistaken for fibrous dysplasia
(61). It is characterized by multiple cystic giant cell le-
sions symmetrically affecting the mandible and maxilla,
appearing in early childhood, with stabilization and re-
mission after puberty. This rare hereditary autosomal
dominant disorder is caused by mutations in the c-
Abl-binding protein SH3BP2 (99), and represents in fact
a form of giant cell reparative granuloma (124). The inher-
ited trait has 100% penetrance in males and 50% to 70%
penetrance in females (104). The genetic alterations in
this condition have been detected and mapped to chro-
mosome 4p16.3 (121), whereas mutations resulting in
this disorder were identified in the gene SH3BP2 (99).
Histologic examination reveals a nonneoplastic fibrous
tissue with multiple multinucleated giant cells of osteo-
clastic type, and deposition of collagen (92,104).

Occasionally, osseous changes that are present in
Weismann-Netter-Stuhl syndrome, a rare form of diaphy-
seal dysplasia, may mimic those seen in polyostotic fi-
brous dysplasia.

Pathology

Although in most cases fibrous dysplasia exhibits a
very characteristic histologic picture, occasionally it can
mimic fibroblastic osteosarcoma and fibrosarcoma. In os-
teosarcoma the cells and nuclei are usually distinctly
pleomorphic and mitoses are frequent. In addition,
tumor bone formation is more amorphous, without a
distinctive trabecular structure. However, low-grade
central osteosarcoma may present a real challenge to
the pathologist (see the section “Osteosarcoma”).
Adamantinoma may resemble fibrous dysplasia when it is
accompanied by abundant fibroblastic tissue. However,
the distinct epithelial cells of the former [which in
more obscure cases can be identified using immunohis-
tochemistry (IHC) with epithelial markers] are charac-
teristic and diagnostic.

When the formation of bone is limited, as in some
cases of fibrous dysplasia, there may be a problem with

Figure 4-44 Liposclerosing myxofibrous tumor of bone.
Anteroposterior radiograph of the left hip of an asympto-
matic 30-year-old man shows a mostly sclerotic lesion with a
narrow zone of transition (arrows) in the intertrochanteric
region of the femur. The lesion exhibits central amorphous
mineralization. (Reprinted with permission from Kransdorf
MJ, Murphey MD, Sweet DE. Liposclerosing myxofibrous tu-
mor: a radiologic-pathologic-distinct fibro-osseous lesion of
bone with a marked predilection for the intertrochanteric re-
gion of the femur. Radiology 1999;212:693–698.)
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Figure 4-45 Liposclerosing myxofibrous tumor of bone: scintigraphy and magnetic resonance imaging (MRI).
A: Anteroposterior radiograph of the left hip of a 39-year-old man shows a round lesion in the intertrochanteric region of
the femur with a thin, well-defined sclerotic border (arrows). There are foci of amorphous mineralized matrix within the lesion.
B: Radionuclide bone scan obtained after intravenous injection of 99mTc methylene diphosphonate (MDP) shows a mildly in-
creased uptake of radiopharmaceutical agent (arrowheads). C: Coronal T1-weighted MRI shows the lesion (arrows) to exhibit
intermediate signal intensity similar to that of skeletal muscles. D: Coronal T2-weighted MRI shows the lesion (arrows) display-
ing predominantly high signal intensity with foci of intermediate signal medially. (Reprinted with permission from Kransdorf
MJ, Murphey MD, Sweet DE. Liposclerosing myxofibrous tumor: a radiologic-pathologic-distinct fibro-osseous lesion of bone
with a marked predilection for the intertrochanteric region of the femur. Radiology 1999;212:693–698.)
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Figure 4-46 Liposclerosing myxofibrous tumor of bone: magnetic resonance imaging (MRI). A: Anteroposterior radi-
ograph of the left hip of a 38-year-old woman presenting with vague hip pain shows a radiolucent lesion with a well-defined
thick sclerotic border (arrows) in the intertrochanteric region of the femur. B: Coronal T2-weighted MRI shows the lesion
(arrows) to exhibit heterogeneous signal intensity; however, sclerotic rind displays signal void. (Reprinted with permission
from Kransdorf MJ, Murphey MD, Sweet DE. Liposclerosing myxofibrous tumor: a radiologic-pathologic-distinct fibro-osseous
lesion of bone with a marked predilection for the intertrochanteric region of the femur. Radiology 1999;212:693–698.)

A B

Figure 4-47 Pachydysostosis of the fibula.
Anteroposterior (A) and lateral (B) radi-
ographs of the left leg of a 1-year-old boy
show medullary radiolucency of the distal
fibula, thinning of the cortex, as well as
widening and bowing deformity of the
bone, resembling abnormalities seen in fi-
brous dysplasia. (Courtesy of Dr. Peter Sala-
mon, Sacramento, California.)

A B
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the differential diagnosis of NOF (108). In such in-
stances, the absence of groups of osteoclast-like giant
cells and of hemosiderin may be helpful. If in a biopsy
specimen only the fibrous component is present, differ-
entiation of fibrous dysplasia from desmoplastic fibroma
may be impossible on histologic grounds only. How-

ever, when undecalcified or EDTA decalcified tissue is
available, molecular analysis will reveal the mutation of
the GNAS1 gene.

The radiologic and pathologic differential diagnosis
of monostotic and polyostotic fibrous dysplasia is de-
picted in Figure 4-48A and B, respectively.

B

A

Figure 4-48 Radiologic and pathologic differential diagnosis of monostotic (A) and polyostotic (B) fibrous dysplasia.
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Osteofibrous Dysplasia 
(Kempson-Campanacci Lesion)

Osteofibrous dysplasia or Kempson-Campanacci lesion
(formerly called ossifying fibroma) is a rare disorder with
a decided preference for the tibia (129,142,143,153). It 
is characterized by the presence of fibrous connective tis-
sue and trabeculae of immature nonlamellar bone
rimmed by osteoblasts.

Clinical Presentation

With rare exceptions, the lesion is situated in the proxi-
mal or middle third of the tibia and is often localized to
the anterior cortex (128,129). In more than 80% of pa-
tients, some degree of anterior bowing is observed.
When the fibula is affected, the distal third of the dia-
physis is usually involved (131,137). This lesion occurs
predominantly in childhood (�60% of the patients af-
fected are younger than 5 years), but occasionally it is
first discovered in adolescence. Boys are slightly more
commonly affected (129).

Osteofibrous dysplasia is usually asymptomatic but
occasionally may be revealed clinically by the enlarge-
ment and bowing of the tibia (154). The disorder may
sometimes be locally aggressive (150). It frequently
recurs after local excision and, according to some
authors, may coexist with the malignant lesion adaman-
tinoma (125,147,149). Other investigators have sug-
gested that osteofibrous dysplasia may be a precursor to
adamantinoma (132,151,152). Weiss and Dorfman
(155), and later Czerniak et al. (133), suggested that
adamantinoma and osteofibrous dysplasia are on a con-
tinuum, with osteofibrous dysplasia on one end and
adamantinoma on the other.

Recently familial occurrence has been described
(138,140). Cytogenetic studies in osteofibrous dysplasia
revealed trisomies for chromosomes 7, 8, 12, and 22
(126,127). Similar findings in adamantinomas of long
bones point to a relationship of both conditions (136).
Mutations of the GNAS1 gene in fibrous dysplasia, how-
ever, have not been detected, thus genetically separat-
ing osteofibrous dysplasia from fibrous dysplasia (146).

Imaging

Radiographically, the Kempson-Campanacci lesion bears
a striking similarity to NOF and fibrous dysplasia. It is ra-
diolucent and possesses lobulated sclerotic margins, usu-
ally confined to the cortex (Fig. 4-49). Larger lesions
may destroy the cortical bone and invade the medullary
cavity (156) (Fig. 4-50). In the tibia the lesion rarely in-
volves the entire circumference of the shaft, but in the
fibula this may occur (125). Rarely, there are multiple
osteolytic lesions over a large part of the diaphysis, simu-
lating adamantinoma.

MRI findings in osteofibrous dysplasia differ in the
reported cases (134,135). However, T1-weighted im-
ages generally show heterogeneous but predominantly
low signal intensity of the lesion, whereas T2-weighted
sequences show intermediate-to-high signal. After ad-
ministration of gadolinium, significant enhancement
of the lesion is noted (Fig. 4-51).

Figure 4-49 Osteofibrous dysplasia. The lesion in the
anterior aspect of the right tibia of a 14-year-old girl was
originally diagnosed as nonossifying fibroma. Although it is
similar to a nonossifying fibroma and fibrous dysplasia, its
site is typical of osteofibrous dysplasia, which was confirmed
by biopsy.
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Histopathology

Osteofibrous dysplasia and fibrous dysplasia, as the
similarity in their names suggests, have a remarkable
histopathologic resemblance. Like fibrous dysplasia, os-
teofibrous dysplasia is characterized by a fibrous back-
ground containing a rather haphazard arrangement of
incomplete trabeculae (145). In osteofibrous dysplasia,
however, these bony trabeculae generally show apposi-
tional activity by polarized osteoblasts (“dressed trabecu-
lae”) (Fig. 4-52A,C). Such activity, which can sometimes
be seen at the earliest stages of bone development, more
often occurs surrounding larger trabeculae (144).
Viewed under polarized light, these trabeculae consist
of an inner portion of woven bone surrounded by an
outer zone of lamellar transformation (Fig. 4-52B), a pat-
tern sometimes referred to as zonal architecture
(128,129). Because osteofibrous dysplasia and fibrous
dysplasia exhibit almost identical radiographic and very
similar histologic features, with the exception of the
former lesion’s predilection for the cortex of the tibia,
the differences in the light and electron microscopy
findings must be meticulously sought. Nevertheless,
some investigators have speculated that osteofibrous dys-

Figure 4-50 Osteofibrous dysplasia. A, B: A cortical lesion
in the distal tibia invades the medullary portion of the bone
in a 2-year-old boy.

A B

plasia represents a regional or localized presentation of
fibrous dysplasia (130). This, however, is excluded in
view of the histomorphologic and molecular genetic
findings (146).

Sissons et al. (148) reported two cases of fibroosseous
lesions containing smaller aggregates of osseous material
resembling cementum. They proposed the term “ossify-
ing fibroma” for this lesion. The term “osteofibrous dys-
plasia,” they suggested, should be reserved for fibrous
cortical lesions of the tibia and fibula. To avoid confu-
sion in terminology, the differential features of the vari-
ous lesions are summarized in Table 4-2.

Differential Diagnosis

Radiology

The main differential possibilities include fibrous dys-
plasia and NOF. If the lesion is confined to the cortex
and there is associated anterior bowing of the tibia,
osteofibrous dysplasia is more likely. Conversely, par-
ticularly in older children and adolescents, if the le-
sion extends into the medullary portion of the bone
and is bordered with a sclerotic rim, NOF is a more
probable diagnosis. Centrally located lesions that
exhibit thinning of the cortex rather than an intra-
cortical multiloculated bubbly appearance more likely
represent fibrous dysplasia. Finally, osteofibrous dys-
plasia should be differentiated from adamantinoma
(139). The latter lesion is usually more extensive, with
a more aggressive appearance. A helpful hint is that
patients with adamantinoma are much older than
those with osteofibrous dysplasia.

Pathology

The main differential diagnoses include fibrous dyspla-
sia and adamantinoma. Fibrous dysplasia shows the char-
acteristic absence of osteoblasts at the surface of trabec-
ulae, whereas osteofibrous dysplasia exhibits dressed
trabeculae. Adamantinoma is distinguished from osteofi-
brous dysplasia by the presence of single or small
nests of epithelial cells within the fibroosseous stroma
(141). More problems are encountered in distinguish-
ing osteofibrous dysplasia from so-called osteofibrous
dysplasia–like adamantinoma (149). From a practical
standpoint, a diagnosis of osteofibrous dysplasia made
on tissue removed by a small incisional biopsy cannot
be certain because the biopsy material may not be rep-
resentative of the entire lesion. One cannot rule out an
osteofibrous dysplasia–like adamantinoma, which, ac-
cording to the WHO, is characterized by isolated or
small groups of epithelial cells intermingled with stro-
mal cells (149,153). In such cases, immunohistochemi-
cal staining for markers of epithelial cells, especially
cytokeratins, can be helpful.

Radiologic and pathologic differential diagnosis of
osteofibrous dysplasia is depicted in Figure 4-53.

Desmoplastic Fibroma

Originally described by Jaffe in 1958, desmoplastic fi-
broma, also known as desmoid tumor of bone, is a
rare, locally aggressive lesion, closely related to the
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Figure 4-51 Osteofibrous dysplasia: magnetic res-
onance imaging (MRI). A: Sagittal T1-weighted
MRI shows an oblong lesion involving the anterior
cortex of the tibia, which exhibits heterogeneous sig-
nal intensity (arrows). B, C: Sagittal and axial T1-
weighted fat-suppressed sequences obtained after
intravenous injection of gadolinium (Gd-DTPA) show
significant enhancement of the lesion. (A and B
reprinted from Greenspan A. Orthopedic imaging – a
practical approach, 4th ed. Philadelphia: Lippincott
Williams & Wilkins, 2004:642, Fig. 19.30.)

A B

C
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Figure 4-52 Histopathology of osteofibrous dysplasia.
A: Plump, irregular bone trabeculae scattered in a moder-
ate-density spindle cell stroma are made up in part of a
cell-rich woven bone, but at the periphery display lamellar
bone rimmed by osteoblasts (hematoxylin and eosin, origi-
nal magnification �25). B: Viewed under polarized light,
lamellar (light green) and woven (darker areas) bone is
more clearly discernible (polarized light, original magnifica-
tion �25). C: Under higher magnification osteoblastic rim-
ming of the bone trabeculae is clearly visible (hematoxylin
and eosin, original magnification �200).

A B

C

desmoid tumor of abdominal wall, characterized by
the formation of abundant collagen fibers by the tu-
mor cells (19,45,160,167). Although generally classi-
fied as a benign bone tumor, some investigators clas-
sify this lesion in a so-called intermediate category
between benign and malignant lesions (29). As in ex-
traosseous desmoid-type fibromatosis and in extraab-
dominal (aggressive) fibromatosis, trisomies 8 and 20
have been observed in desmoplastic fibroma of bone;
however, thus far their significance is not clear
(160,163).

Clinical Presentation

Desmoplastic fibroma accounted for only about 0.06%
of all bone tumors and 0.3% of benign bone tumors in
the Mayo Clinic series (8). It usually arises in individuals
younger than 40 years; half of the cases occur during
the second decade (8). There is no sex predominance
(Fig. 4-54). The clinical signs and symptoms are nonspe-
cific (157). Because the onset is often insidious, the
lesion tends to be relatively large before the patient be-
gins to experience symptoms (108). In symptomatic pa-
tients, pain or swelling, sometimes of long duration, is
the most common complaint (162). Rarely (in about
10% of cases), a pathologic fracture through the lesion

is the first presenting symptom (172). The long bones
(humerus, femur, tibia), mandible, and pelvis are the
most common sites of involvement (171). In the long
bones the lesion is diaphyseal, sparing the epiphysis, but
it often extends into the metaphysis and may even ex-
tend into the articular end of the bone after closure of
the growth plate (174).

Imaging

There are no characteristic radiographic features of
desmoplastic fibroma. The spectrum of radiologic fea-
tures of this tumor overlap the radiographic patterns
described for low-grade central osteosarcoma and, in
some cases, fibrous dysplasia (161). In general, it is an
expansive, radiolucent lesion, usually with nonscle-
rotic but sharply defined borders (Fig. 4-55A). Occa-
sionally a wide zone of transition is present (169). The
cortex is either thinned or thickened, but there is no
significant periosteal response (159) (Fig. 4-55B). In-
ternal septation or trabeculation is observed in ap-
proximately 75% of cases, yielding a honeycomb pat-
tern of bone destruction (164) (Fig. 4-55C). Locally
aggressive variants, which may simulate malignant
bone tumors, are marked by bone destruction and
invasion of the soft tissues.
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In addition to radiography, radiologic evaluation of
desmoplastic fibroma should include bone scintigraphy,
CT, and MRI. Radionuclide bone scan shows an increase
in the uptake of the radiopharmaceutical agent at the
site of the lesion (178). CT is useful for evaluating
cortical breakthrough and tumor extension into the soft
tissues (161,177,179). MRI, also helpful in assessing in-
tra- and extraosseous extension, can further characterize

the tumor (Figs. 4-56 and 4-57). The lesion appears well
defined on MR images, exhibiting an intermediate sig-
nal intensity on T1 weighting and a heterogeneous pat-
tern on T2 weighting, marked by an area of increased
signal intensity mixed with foci of intermediate and 
low signal intensity (159,164,175). The hypointensity of
the signal reflects the dense connective tissue matrix and
relative acellularity of the tumor (178).

Fibrous Dysplasia
M/F Any age Femoral neck (frequent) Radiolucent, ground glass, or Woven (nonlamellar) type

(monostotic) Long bones smoky lesion of bone in loose to dense
First to third Pelvis Thinning of cortex with fibrous stroma; bone 

decades Ends of bones usually endosteal scalloping trabeculae lacking
(polyostotic) spared “Shepherd’s crook” deformity osteoblastic activity

Polyostotic: unilateral in Accelerated growth (“naked trabeculae”)
skeleton (frequent)

Nonossifying Fibroma
M/F First to third Long bones (frequently Radiolucent, eccentric lesion Whorled pattern of fibrous

decades posterior femur) Scalloped, sclerotic border tissue containing giant
cells, hemosiderin, and
lipid-filled histiocytes

Osteofibrous Dysplasia (Kempson-Campanacci Lesion)
M/F First to Tibia (frequently anterior Osteolytic, eccentric lesion Woven and mature (lamellar)

second aspect) Scalloped, sclerotic border type of bone surrounded
decades Fibula Anterior bowing of long bone by cellular fibrous spindle

Intracortical (frequent) cell growth in whorled or
matted pattern; bone
trabeculae rimmed by
differentiated osteoblasts
(“dressed trabeculae”)

Ossifying Fibroma of Jaw
F Third to Mandible (90%) Expansive radiolucent lesion Uniformly cellular fibrous

fourth Maxilla Sclerotic, well-defined borders spindle cell growth with
decades varying amounts of woven

bone formation and small,
round cementum-like
bodies

Ossifying Fibroma (Sissons Lesion)
M/F Second Tibia Radiolucent lesion Fibrous tissue containing

decade Humerus Sclerotic border rounded and spindle-
Similar to osteofibrous shaped cells with scant

dysplasia intercellular collagen and
small, partially calcified
spherules resembling
cementum-like bodies of
ossifying fibroma of jaw

Liposclerosing Myxofibrous Tumor
M/F Second to Intertrochanteric region Radiolucent or partially Fibrous or myxofibrous areas

seventh of femur sclerotic lesion with well- with metaplastic curvilinear
decades defined sclerotic border, or circular woven bone

occasional central matrix ossicles and/or dystrophic
mineralization mineralization in necrotic

fat

Table 4-2 Differential Features of Various Fibroosseous Lesions with Similar Radiographic Appearances

Sex Age Location Radiographic Appearance Histopathology
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Histopathology

Histologically, the lesion is composed of very regular
bundles of normal-looking, spindle-shaped, and occa-
sionally stellate fibroblasts with elongated or ovoid nu-
clei interspersed within a densely collagenized matrix
(Fig. 4-58). There is almost no evidence of mitotic
activity (166). Although cellularity is variable, the col-
lagenous matrix almost always constitutes the greater
portion of the tumor. For this reason, the biopsy speci-
men, resembling scar tissue, is identical in appearance
to a desmoid tumor of soft tissue. Large, thin-walled
vessels similar to those observed in soft tissue desmoid
tumors are usually apparent (35). On purely histologic
grounds, the lesion most closely resembles periosteal
desmoid, but correlation with the radiographs clarifies
its true nature. As with desmoids of soft tissue, in
desmoplastic fibroma of bone it is difficult to histologi-
cally differentiate the tumor tissue from the surround-
ing normal connective tissue. Recently, it has been
shown that beta-catenin, a protein that may act as a
modulator of transcription in the nucleus, is overex-
pressed in desmoid-type fibromatosis owing to a muta-
tion in the beta-catenin gene or its regulating gene, the
APC or adenoma polyposis coli gene. This gene is mutated
in familial adenomatous polyposis syndrome and Gard-
ner syndrome, both of which are associated with ag-
gressive fibromatosis (168,170,173). Hauben et al.
(165) were able to demonstrate that beta-catenin im-
munoreactivity was also present in 6 of 13 investigated
cases of desmoplastic fibroma. However, mutations of
the beta-catenin gene were absent.

Differential Diagnosis

Radiology

Desmoplastic fibroma is frequently difficult to distin-
guish radiographically from similar-appearing lesions.
These include simple bone cyst, aneurysmal bone cyst, fi-
brous dysplasia, chondromyxoid fibroma, giant cell tumor,
low-grade central osteosarcoma, fibrosarcoma, MFH, and
chondrosarcoma (169,171,172,175,178). Giant cell tumor,
fibrosarcoma, and MFH can be excluded if the lesion
possesses sclerotic margins. A purely lytic appearance
of desmoplastic fibroma excludes simple and aneurys-
mal bone cyst and chondromyxoid fibroma, as these
entities possess sclerotic borders.

Pathology

Histopathologic differential diagnosis must include NOF
and fibrous dysplasia (158). However, unlike the former,
abundant intercellular substance is observed, and giant
cells and lipid-bearing histiocytes are absent (29); lack of
metaplastic bone formation distinguishes desmoplastic
fibroma from the latter. In addition, the structure of
the fibrous tissue in NOF, with its typical cartwheel or
storiform pattern, as well as its content of giant cells and
foam cells, makes the distinction easy. In equivocal cases,
absence of GNAS1 mutations and/or presence of beta
catenin immunoreactivity rules out fibrous dysplasia.
A very cellular lesion may be confused with low-grade
fibrosarcoma or MFH, although the absence of mitotic ac-
tivity and the lack of nuclear hyperchromatism and
atypia in desmoplastic fibroma may help in this differ-

Figure 4-53 Radiologic and patho-
logic differential diagnosis of os-
teofibrous dysplasia.
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entiation. In fibrosarcoma, the cells are usually more
densely arranged, and slight pleomorphism and hyper-
chromatism of the nuclei should point to the correct di-
agnosis, although in a low-grade tumor the distinction
may be very difficult. If the radiographs are confusing,
the distinction usually can be made histologically on
the basis of the quantity of collagen, the lack of nuclear
atypia and hyperchromatism, and the paucity of mitotic
activity in desmoplastic fibroma.

Fibroblastic osteosarcoma can be distinguished from
desmoplastic fibroma by the tumor bone production in
the former tumor.

The distinction between desmoid of soft tissues and
desmoplastic fibroma of bone must be made on the ba-
sis of the clinical and radiologic features (169). In addi-
tion, mutational analysis of the beta-catenin or APC gene
may be helpful because these are altered in desmoid-
type fibromatosis.

The radiologic and pathologic differential diagnosis
of desmoplastic fibroma is depicted in Figure 4-59.

Malignant Tumors

Fibrosarcoma and Malignant Fibrous
Histiocytoma

Fibrosarcoma and malignant fibrous histiocytoma
(MFH) are malignant tumors with similar radiographic
presentations and similar histologic features. Fibro-
sarcoma is a malignant tumor characterized by the
formation of interlacing bundles of collagen fibers
by spindle-shaped tumor cells, and by lack of bone or
cartilage formation. MFH is a malignant tumor with
a pleomorphic spindle-cell structure that produces vari-
ous amounts of collagen fibers but lacks any specific
pattern of histologic differentiation (28,29,46,182,233).
According to previous studies, there are no essential dif-
ferences in the radiologic features, clinical behavior, and
survival data for these tumors (185,189,192,193,210).
Some authors therefore consider them to represent a
single group (227,240). Nevertheless, the existence of
MFH as a separate tumor entity has been questioned.
With electron microscopy and increasing use of im-
munohistochemical and genetic investigations, it has
become obvious that, at least in the soft tissues, tumors
initially classified as MFH can be recognized as pleo-
morphic variants of other sarcomas, e.g., leiomyosarco-
mas, liposarcomas, fibrosarcomas, or extraskeletal
osteosarcomas (196,200,201,223). However, because
some pleomorphic sarcomas remain unclassified, even
with the application of all available diagnostic tech-
niques, the WHO retained the term MFH (synony-
mously used with undifferentiated high-grade pleomor-
phic sarcoma) for tumors that do not exhibit any line of
differentiation (202).

Antonescu et al. (182) conducted a comparative ul-
trastructural study of fibrosarcomas and MFH of bone.
These authors proposed reclassification of MFH as
pleomorphic fibrosarcoma. Recent studies, however,
have provided evidence for genetically based differ-

Desmoplastic Fibroma

age: < 40
M:F = 1:1

common sites

less common sites

Figure 4-54 Desmoplastic fibroma: skeletal sites of
predilection, peak age range, and male-to-female ratio.
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Figure 4-55 Desmoplastic fibroma. A: Radiolucent lesion
with nonsclerotic, sharply defined borders is seen in a
supraacetabular region of the right ilium (arrows).
(Reprinted from Bullough PG, Atlas of orthopedic pathology,
2nd ed. New York: Gower, 1992:17.2.) B: Radiolucent, tra-
beculated lesion occupies the proximal end of the right
fibula in a 17-year-old girl. Note lack of periosteal reaction.
C: Radiolucent, trabeculated lesion is present in the meta-
diaphyseal region of the distal radius in a 15-year-old boy.

A

B

C

298 — Differential Diagnosis in Orthopaedic Oncology

5480_Greenspan_Ch04p257-313.qxd  7/19/06  4:46 PM  Page 298



CHAPTER 4 Fibrogenic, Fibroosseous, and Fibrohistiocytic Lesions — 299

Figure 4-56 Desmoplastic fibroma. A: Anteroposterior radiograph of the pelvis in a 67-year-old man demonstrates an expan-
sive, lytic lesion that involves the left ischium and pubis and extends into the supraacetabular portion of the ilium. B: Conven-
tional tomography shows the lytic nature of the tumor and its expansive character. The involvement of the ilium is better
demonstrated. C: Computed tomography section through the hip joint shows a lobulated appearance of the tumor and a thick,
sclerotic margin. D: Axial T2-weighted (SE, TR 2000, TE 80) magnetic resonance imaging demonstrates nonhomogeneity of the
signal from tumor. The bulk of the lesion displays low to intermediate signal intensity with central areas of high signal.

A B
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Figure 4-57 Desmoplastic fibroma: magnetic resonance imag-
ing (MRI). A: Coronal T1-weighted MRI shows the lesion in the
left femoral shaft breaking through the cortex and extending into
the soft tissues (arrows). B: Axial proton density image demon-
strates replacement of the bone marrow by the tumor, extension
into the soft tissues, and peritumoral edema.

A B

Figure 4-58 Histopathology of desmoplastic fibroma. A: Densely collagenized hypocellular stroma contains spindle-
shaped fibroblasts with uniform-appearing nuclei (hematoxylin and eosin, original magnification �40). B: At higher magnifi-
cation the cells producing the abundant collagen show no evidence of atypia (hematoxylin and eosin, original magnification
�150).

A B

ences between fibrosarcoma of bone and MFH of bone.
Hattinger and her group (206) analyzed seven fibrosar-
comas of bone by comparative genomic hybridization
and DNA microarrays. Gain of chromosome 22q was
the most common detectable aberration. With DNA
microarray technique and also by IHC, gains of the
platelet-derived growth factor beta (PDGF-B) gene, localized
at 22q12.3–q13.1, and expression of the PDGF-B pro-
tein could be demonstrated.

With respect to MFH of bone, in 1973 Arnold (183)
described a family presenting diaphyseal necroses in the
shaft of long tubular bones with subsequent develop-
ment of sarcomas. These hereditary tumors, initially di-

agnosed as fibrosarcomas and later reclassified as MFH,
are characterized by loss of heterozygosity at chromo-
some 9p21-22 (205,219). In sporadic MFH of bone, the
same alteration was observed in five of seven analyzed
cases, leading to the hypothesis that, in the pathogenesis
of MFH, bone alterations of a putative tumor suppressor
gene located at 9p21-22 may be involved (220).

Both fibrosarcoma and MFH can be either primary
tumors or secondary to a preexisting benign condi-
tion, such as Paget disease, fibrous dysplasia, bone in-
farct, or chronic draining sinuses of osteomyelitis
(183,194,203,204,211,212,224,225). These lesions may
also arise in bones that have been previously irradi-
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ated (226,234). Such lesions are termed secondary fi-
brosarcomas (or secondary MFH).

Rarely, fibrosarcoma can arise in a periosteal loca-
tion (periosteal fibrosarcoma). However, some investi-
gators postulate that these lesions represent primary
soft tissue tumors abutting the bone and invading the
underlying periosteum (185).

Clinical Presentation

Fibrosarcoma and MFH usually occur in the third to
sixth decades of life and represent about 5% and 2%,
respectively, of all malignant bone tumors (213,236).
Their sites of predilection are the femur, humerus,
tibia, and pelvic bones (197,210,246) (Fig. 4-60). The
most common clinical symptoms are pain and localized
swelling, ranging in duration from a few weeks to
several months (199). In about 23% of reported cases,
a pathologic fracture leads to incidental detection of
the tumor (213,235).

Imaging

Radiographically, both lesions are marked either by an
osteolytic area of destruction surrounded by a wide zone
of transition or by a moth-eaten or permeative type of
bone destruction (204). There is little or no reactive
sclerosis, and usually no periosteal reaction (189) (Figs.
4-61 and 4-62). The lesions are often eccentrically lo-
cated, close to or within the articular end of the bone.
Pathologic fractures are not uncommon. A soft tissue
mass is frequently present (198). These lesions may re-
semble giant cell tumor of bone or telangiectatic os-

teosarcoma, and they may be mistaken for metastatic
carcinoma because of the age group in which they usu-
ally occur. Some authorities believe that an almost
pathognomonic sign of fibrosarcoma is its tendency to
allow the preservation of small sequestrum-like frag-
ments of cortical bone and spongy trabeculae, which can
be demonstrated on conventional radiographs or CT ex-
amination. On scintigraphy, both lesions typically ex-
hibit an area of increased uptake (186,217), often
around the periphery of the tumor (17).

On CT examination, both fibrosarcoma and MFH
show a predominant density similar to that of normal
muscle (207,232) and exhibit the nonspecific tissue at-
tenuation values of Hounsfield units encountered in
most nonmineralized tissues. Hypodense areas reflect ar-
eas of necrosis within tumor. MRI is useful to outline the
intraosseous and extraosseous extension of these tu-
mors, but there are no characteristic MRI findings for
either one (181,186,207,229) (Fig. 4-63). Some investiga-
tors found the signal characteristics comparable to those
of other lytic bone tumors (230,239). Signal intensity is
intermediate to low on T1-weighted images and high on
T2 weighting, frequently heterogeneous and varying
with the degree of necrosis and hemorrhage within the
tumor (17). Peripheral enhancement was noted after in-
travenous injection of Gd-DTPA (218).

Histopathology

The histologic criteria for the diagnosis of MFH for
soft tissue lesions were outlined by Stout and Lattes
in 1967 and by Kempson and Kyriakos in 1972, and

Figure 4-59 Radiologic and patho-
logic differential diagnosis of desmo-
plastic fibroma.
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have been applied to tumors arising in bone (184,193,
195,209,215,221,228,237). These include (a) bundles of
fibers and of spindle-shaped, fibroblast-like cells
arranged in a cartwheel or storiform pattern, exhibiting
mitotic activity and features of atypia; (b) rounded and
foam cells with histiocytoid features, exhibiting ovoid,
and often grooved or indented nuclei and well-defined
cytoplasmic borders; cells may contain bizarre and fre-
quently pleomorphic multiple nuclei; some phagocytic
activity with cytoplasmic inclusions of red blood cells,
hemosiderin, and/or lipids is present; (c) typical and
atypical giant cells of the osteoclastic type; and (d) a rel-
atively conspicuous infiltration of inflammatory cells,
predominantly lymphocytes (29,236,243).

Fibrosarcomas are graded from 1 to 4, depending on
their cellularity and their nuclear atypia. The higher
grade lesions are very cellular and show a greater mitotic
activity, nuclear hyperchromatism, and variation in nu-
clear size and shape (188,191). The low-grade lesions are
less cellular, show only slight anaplasia of the collagen-
producing spindle cells, and demonstrate considerable
fibrogenesis (231). Other investigators divide these tu-
mors into three grades: well differentiated, moderately
differentiated, and poorly differentiated (29,241). In
well-differentiated tumors, the cells are elongated and
spindle-shaped, with ovoid or elongated nuclei (187).
Sometimes nuclei are hyperchromatic and plump, but
no mitotic activity is present. The tumor cells are sparse
compared with the relatively abundant intercellular col-
lagen fibers, which are sometimes dense and hyalinized.
The poorly differentiated type of tumor is highly cellu-
lar, with a marked cellular atypia and a high mitotic
activity. The cells possess one or more bizarre, hyper-
chromatic nuclei. The intercellular matrix is also sparse
and occasionally consists only of reticulin fibers (29).
Areas similar to MFH are also present.

A rare variant, sclerosing epithelioid fibrosarcoma of
bone, consisting of small epithelioid cells arranged in
strands or nests and containing deeply eosinophilic
thick collagenous bands, has recently been described
(180,190).

Although both fibrosarcoma and MFH are com-
posed of sarcomatous spindle cells that form variable
amounts of collagen, each tumor has certain distin-
guishing features (196). The spindle-shaped cells of fi-
brosarcoma are largely arranged in long fascicles.
These fascicles usually run at right angles to one an-
other, so that any plane of section shows some bundles
of tumor cells running transversely and others running
longitudinally (Fig. 4-64A, B). In some areas of section-
ing, all bundles may lie longitudinally, forming a “her-
ringbone tweed” pattern in their spatial relationship
(192) (Fig. 4-64C, D). The spindle cells have hyper-
chromatic nuclei with an increased ratio of nucleus to
cytoplasm. Mitotic activity, including bizarre mitoses,
may be present. Collagen production is usually evident
in parts of the neoplasm, but it tends to be sparse com-
pared with that of the benign fibroblastic tumors. It is
important that there is no evidence of osteoid or bone
formation, a feature that distinguishes fibrosarcoma
from fibroblastic variants of osteosarcoma (242).

Figure 4-60 Fibrosarcoma and malignant fibrous histio-
cytoma: skeletal sites of predilection, peak age range,
and male-to-female ratio.

302 — Differential Diagnosis in Orthopaedic Oncology

5480_Greenspan_Ch04p257-313.qxd  7/19/06  4:46 PM  Page 302



CHAPTER 4 Fibrogenic, Fibroosseous, and Fibrohistiocytic Lesions — 303

In contrast to the long fascicles of tumor cells in fi-
brosarcoma, the spindle cells of MFH tend to be
arranged in sweeping, curved fascicles and expanding
nodules (221). Their histologic appearance has been
compared to pinwheels, spiral nebulae, or cut, matted
straw (storiform pattern) (193) (Fig. 4-65). The cells of
this tumor are spindle-shaped, sometimes bearing a histi-
ocytoid appearance, and are not so monotonous in
shape as pleomorphic fibroblasts of fibrosarcoma (Fig. 
4-66). The tumor cells may exhibit phagocytic activity. Al-
though predominantly spindle-shaped, the tumor cells
may also be round or polyhedral. In addition to the usual
hyperchromatic nuclei, vesicular nuclei (similar to those
in histiocytes) may be identified. Giant cells, sometimes
in large numbers, may also be present. Areas of necrosis
are a common finding, and it is not unusual to observe a
background with scattered chronic inflammatory cells.
Occasionally, collagen production by the fibroblastic
type of tumor cells of MFH may be seen in broader hya-
line-appearing bands resembling osteoid, which may
lead to diagnostic confusion with osteosarcoma. In such
cases, experience is necessary to make the differentiation
from true osteosarcoma (36,242). Immunohistochemi-
cal studies are not helpful in the diagnosis of MFH
(238,244,245); however, they may help to rule out other
sarcomas, sarcomatoid carcinomas, and melanomas.

Huvos et al. (208,209) subdivide the histologic pat-
tern seen in MFH into several variants, according to the

A B
Figure 4-61 Fibrosarcoma. A: Oblique radiograph of the right knee of a 28-year-old woman shows a purely destructive oste-
olytic lesion in the intercondylar fossa of the distal femur (arrows). Note the absence of reactive sclerosis and lack of periosteal
reaction. B: Anteroposterior radiograph of the left proximal humerus in a 62-year-old man shows an osteolytic lesion in the
shaft of the bone with a pathologic fracture. A metastatic lesion was suspected but biopsy revealed a fibrosarcoma.

Figure 4-62 Malignant fibrous histiocytoma. A destructive
osteolytic lesion in the distal femoral shaft shows poorly
defined margins. (Reprinted from Greenfield GB, Imaging of
bone tumors. Philadelphia: JB Lippincott Company, 1995:
113.)
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predominant pathologic appearance, although in clini-
cal practice these patterns frequently overlap: (a) a pre-
dominantly fibroblastic pattern (Fig. 4-67A), in which
the fibroblast-like spindle cells are arranged in whorls of
cartwheel or storiform pattern with only occasional giant
cells of the osteoclastic type; (b) a predominantly histio-

cytic or xanthomatous morphologic variant, in which gi-
ant cells of the osteoclastic type, frequently with foamy
cytoplasm, predominate (Fig. 4-67B); and (c) the malig-
nant giant cell tumor type, in which there is an intimate
admixture of fibroblasts, mononuclear histiocytes, and
giant cells of the osteoclastic type (Fig. 4-67C).

A B

C D
Figure 4-63 Malignant fibrous histiocytoma: magnetic resonance imaging (MRI). A: Oblique radiograph of the right
femur of a 16-year-old girl shows fusiform thickening of the cortex and permeative type of medullary bone destruction. B: Ra-
dionuclide bone scan (99Tc-MDP) shows increased uptake of the tracer in the right femur. C: Coronal T1-weighted (SE, TR
500, TE 20) MRI demonstrates the extent of the tumor, which involves about 75% of the length of the femur. D: Coronal T2-
weighted (SE, TR 2000, TE 80) MRI shows that the tumor exhibits high signal intensity. The soft tissue extension medially is
also accurately depicted.
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Figure 4-65 Histopathology of malignant fibrous histio-
cytoma. Marked nuclear pleomorphism of malignant fibro-
blasts and scattered giant cells form the typical storiform or
“starry-night” pattern (hematoxylin and eosin, original mag-
nification �50).

A B

C D

Figure 4-64 Histopathology of fibrosarcoma. A: Interwoven bundles of spindle cells with a moderate degree of pleomor-
phism characterize this grade 2 fibrosarcoma (hematoxylin and eosin, original magnification �25). B: With a reticulin fiber
stain the uneven distribution of the fibers is obvious (Novotny reticulin stain, original magnification �50). C: The cells and
fiber bundles are cut longitudinally (center) and across the axis (left and right), producing a herringbone pattern (Giemsa, orig-
inal magnification �50). D: At high magnification the herringbone pattern is conspicuous (hematoxylin and eosin, original
magnification �400).
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A B

Figure 4-66 Histopathology of malignant fibrous histiocytoma. A: Moderately cellular tumor, predominantly composed of
spindle cells, exhibits an allusively storiform pattern. Some preserved fat cells are seen within the tumor tissue (upper right)
(Giemsa, original magnification �50). B: At higher magnification the pleomorphism of the spindle cells is obvious. In the
lower center is seen one preserved fat cell (Giemsa, original magnification �100).

A B

C

Figure 4-67 Histopathology of malignant fibrous histiocy-
toma. A: Fibroblastic pattern with typical storiform arrange-
ment (van Gieson, original magnification �25). B: Histiocytic
pattern with giant cells (hematoxylin and eosin, original mag-
nification �25). C: Giant cell–rich pattern (hematoxylin and
eosin, original magnification �250).

Differential Diagnosis

Radiology
Because pleomorphic fibrosarcoma and MFH have an
almost identical radiologic appearance, both lesions are
considered here as one in the differential diagnosis. All

purely lytic lesions without marginal sclerosis should be
considered in the differential diagnosis, including giant
cell tumor, lymphoma, solitary myeloma, metastasis, and brown
tumor of hyperparathyroidism. Giant cell tumor must be par-
ticularly considered in lesions affecting the articular end
of a bone (Fig. 4-68). Occasionally, chondrosarcoma with
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A B
Figure 4-68 Malignant fibrous histiocytoma. Anteroposterior radiograph of the left knee (A) and magnification study in the
oblique projection (B) show an expanding, lytic lesion in the proximal end of the fibula in a 13-year-old girl. There is a but-
tress of periosteal new bone formation at the distal extent of the tumor. A giant cell tumor or an aneurysmal bone cyst had
been suspected, but a biopsy revealed a malignant fibrous histiocytoma.

A B
Figure 4-69 Secondary malignant fibrous histiocytoma. A: Anteroposterior radiograph of both knees in a 39-year-old
woman with known multiple idiopathic bone infarcts shows the typical appearance of this condition in the distal femora. In
the left femur there is, however, evidence of a lamellated periosteal reaction along the lateral cortex (arrowheads). B: Magnifi-
cation study shows cortical destruction (arrows). On biopsy the suspicious lesion proved to be a malignant fibrous histiocy-
toma complicating a bone infarct (continued). 
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Figure 4-69 Continued C: Radiograph of the resected speci-
men shows the aggressive periosteal reaction and a soft
tissue mass more clearly. Note typical serpentine coarse
calcifications of the medullary bone infarct.

C

Figure 4-70 Radiologic and pathologic
differential diagnosis of fibrosarcoma
and malignant fibrous histiocytoma.

minimal or no central calcification and lack of periph-
eral sclerosis may look like fibrosarcoma or MFH. In
lesions located in the tibia, adamantinoma should be
excluded. In the younger age group, osteolytic (either fi-
broblastic or telangiectatic) osteosarcoma may be a differ-
ential consideration and for patients in the first two
decades, Ewing sarcoma.

The presence of calcifications at the periphery or
within the tumor is strongly suggestive of secondary fi-
brosarcoma or secondary MFH resulting from
malignant complications of a bone infarct (Fig. 4-69).

Pathology

Because pleomorphic fibrosarcoma and MFH appears
very similar, the differential diagnosis may be extremely
difficult (196,202,216). Their histopathologic differ-
ences, particularly the characteristic herringbone
tweed pattern of a well-differentiated fibrosarcoma and
the storiform pattern of MFH (214), have been out-
lined previously.

The histologic appearance of fibrosarcoma may re-
semble fibroblastic osteosarcoma (242). The distinctive dif-
ference is the absence of bone or osteoid formation in
the former. Metastases or some soft tissue sarcomas may  sim-
ulate sclerosing epithelioid fibrosarcoma, which is con-
stantly positive only for vimentin (222). All such lesions
can be ruled out by IHC, e.g., synovial sarcoma (CD99�,
BCL-2�, EMA/CK�), clear cell sarcoma (S-100/HMB-
45�), metastatic carcinoma (CK�), or sclerosing lymphoma
(CD45�).

Primary leiomyosarcomas of bone, although very rare,
can be differentiated from MFH by IHC, applying mus-
cle-specific antibodies such as anti-desmin and anti-al-
pha-smooth muscle actin. Melanomas are S-100-positive,
and metastatic sarcomatoid carcinoma exhibits cytoker-
atin immunoreactivity. A careful search for osteoid pro-
duction is mandatory to exclude osteosarcoma before the
diagnosis of MFH can be established.

Desmoplastic fibroma may be a differential possibility
when a well-differentiated type of fibrosarcoma is
examined, although this lesion is less cellular than fi-
brosarcoma and its mitotic activity is very low.

The radiologic and pathologic differential diagnosis
of fibrosarcoma and malignant fibrous histiocytoma is
shown in Figure 4-70.
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Benign Lesions

Langerhans Cell Histiocytosis 
(Eosinophilic Granuloma)

Langerhans cell histiocytosis (LCH) is a lesion belong-
ing to a group of disorders now classified by the World
Health Organization (WHO) as histiocytic and den-
dritic cell disorders (39). The incidence in the United
States is estimated at 0.05 to 0.5 per 100,000 children
per year, with a 2:1 male predominance (20,45,49).
This disorder represents less than 1% of all biopsy-
proven primary bone lesions (16,20,52). Lichtenstein
(46,47) proposed the name histiocytosis X for the
three conditions: eosinophilic granuloma (condition
with bone lesions only); Hand-Schüller-Christian dis-
ease or xanthomatosis (characterized by the triad of
bone lesions, diabetes insipidus, and exophthalmos),
now considered as multifocal unisystem disease; and

Letterer-Siwe disease or nonlipid reticulosis (in which
disseminated disease is marked by wasting, lymphade-
nopathy, hepatosplenomegaly, and anemia), now con-
sidered by the WHO as multifocal multisystem disease
(75). His rationale was the postulation that these le-
sions, being of unknown cause, appeared to represent
an increasing spectrum of severity in which the com-
mon denominator was the presence of the histiocyte
(9,76). Schajowicz and Polak proposed the general
term histiocytic granuloma for this group of disorders,
which may appear without or with only isolated eosin-
ophils or, more commonly, with many eosinophilic
leukocytes, and may involve a single or several bones
(68). Recently, histiocytosis X has been given the name
of Langerhans cell histiocytosis (23,48,50) because it
has been verified that the primary proliferative ele-
ment in this disease is the Langerhans cell, a mononu-
clear cell of the dendritic type that is found in the
epidermis but is derived from precursors in the bone
marrow (60,61,67,70). LCH is characterized by its
ultrastructural (Birbeck granules) and immunohis-
tochemical (positivity for CD1a, S-100, CD68, and
Langerin/CD207, the latter of which is involved in Bir-
beck granule formation) properties (6,28,62,71,72).
Although its causes and pathogenesis remain unset-
tled, LCH is now considered a disorder of immune
regulation rather than a neoplastic process (59,80).
However, some laboratory studies have shown that cer-
tain lesions exhibit a clonal proliferation of cells,
suggesting a neoplastic origin (77,79). In addition, dif-
ferences between normal epidermal Langerhans cells
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and lesional Langerhans cells have been described
(44). Familial clustering and studies in twins with 80%
and 33% concordance of the disease in monozygotic
and dizygotic twins, respectively, point to a genetic
component in LCH (4). Molecular genetic studies us-
ing comparative genomic hybridization (CGH) and
loss of heterozygosity (LOH) experiments have re-
vealed chromosomal alterations, with predominant
losses affecting chromosomes 1p, 5p, 6q, 9, 16, 17, and
22q in CGH and highest LOH frequencies on 1p and
17, leading to the hypothesis that loss of tumor sup-
pressor genes located on chromosome 1p may be in-
volved in development and progression of the disease
(57). Other studies have demonstrated alterations of
the cell cycle in lesional Langerhans cells (22). Be-
cause lesions in LCH represent the cellular composi-
tion of an innate immune response, Nezelof and
Basset (59) hypothesize that a block in the cross-talk
between innate and adaptive immune responses may
give rise to large numbers of inflammatory molecules
and to the proliferation of Langerhans cells and
macrophages. On the basis of these assumptions,
Egeler et al. (22) proposed a unifying concept com-
prising a combination of oncogenesis (underlying ge-
netic defect in replication pathways or DNA repair of
Langerhans cells) and immune dysregulation (block-
age of maturation of Langerhans cells in lesions).

LCH exhibits a broad spectrum of clinical and radio-
logic abnormalities. It is characterized by an abnormal
proliferation of Langerhans cells in various parts of the
mononuclear system such as bone, lungs, central nerv-
ous system, skin, and lymph nodes.

Clinical Presentation

LCH may manifest as a solitary lesion or as multiple le-
sions (30,51). It occurs most often during childhood,
with a peak incidence between the ages of 5 and 10
years (78). It is slightly more common in males (24).
The most commonly affected sites are the skull (cal-
varia, skull base, and facial bones), the ribs, the pelvis,
the spine, and the long bones (Fig. 5-1). Epiphyseal le-
sions are relatively rare (35,70). Clinical manifestations
include local pain, tenderness, and swelling or a soft tis-
sue mass adjacent to the site of the skeletal lesion (1).
Fever, an elevated sedimentation rate, and leukocytosis
may also be present (65). If a vertebra is affected, the
patient may present with neurologic symptoms (16) re-
sulting from a collapse of the vertebral body (31,41).

Imaging

Radiography remains the most effective modality for the
diagnosis of LCH. In the mandible, radiolucent lesions
and “floating teeth” secondary to the destruction of the
alveolar bone are characteristic (Fig. 5-2). In the skull, a
beveled lytic lesion is typical (Fig. 5-3) (25). In the center
of the lytic lesion there is sometimes a small sclerotic fo-
cus referred to as a button sequestrum (11), “cockade”
image (in European literature), or “bull’s eye” simulat-
ing an infectious process (16,46,65). In the spine, so-
called vertebra plana (or coin-on-edge appearance) is a
usual manifestation and results from a collapsed verte-

Figure 5-1 Langerhans cell histiocytosis: skeletal sites of
predilection, peak age range, and male-to-female ratio.

Langerhans Cell Histiocytosis

age: 5-10
F:M = 3:4 

common sites

less common sites
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Figure 5-2 Langerhans cell histiocytosis. A 3-year-old girl
with extensive skeletal involvement had in addition a large
destructive lesion in the mandible. Note the characteristic
appearance of a floating tooth, which results from destruc-
tion of supportive alveolar bone.

Figure 5-3 Langerhans cell histiocytosis. Lateral radiograph
of the skull of a 21⁄2-year-old boy with disseminated process
shows an osteolytic lesion in the frontal bone with a sharply
outlined margin, giving it a punched-out appearance. Uneven
involvement of the inner and outer tables results in its beveled
presentation.

Figure 5-4 Langerhans cell histiocytosis. A: Vertebra plana represents collapse of vertebral body secondary to destruction
of bone by granulomatous lesion. Note the preservation of the intervertebral disk space. B: In another patient, a sagittal
T2-weighted magnetic resonance imaging (MRI) scan shows compression of the ventral aspect of the thecal sac by a frac-
tured vertebral body (arrow).

A B
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bral body (10) (Fig. 5-4). This finding was for a long
time mistakenly considered an osteochondrosis of the
vertebra and was (and in the European literature still is)
named Calvé disease after its proposer (10).

In the long bones, LCH presents as a radiolucent de-
structive lesion, commonly associated with a lamellated
periosteal reaction (27,29,67) (Fig. 5-5). This appear-
ance may mimic that of a round cell malignant tumor,
such as lymphoma or Ewing sarcoma. The lesion may
have well-defined or poorly defined margins, with or
without sclerotic borders (11). Occasionally, a cluster of
partially overlapping lesions may be observed. In such
instances, the superimposed areas of destruction have
the appearance of a hole within a hole (55,56). A dis-
tinct and characteristic feature of many lesions is slant-
ing or beveling of the edges (38). Sometimes the lesion
is poorly demarcated and its indistinct borders gradu-
ally merge with the adjacent normal bone. The lesion
may affect only the cortical surface of bone (21), al-
though more commonly it is intramedullary, encroach-
ing on the endocortex and causing scalloping of the

endosteal surface (34) (Fig. 5-6). In later stages the le-
sion becomes more sclerotic, with dispersed radiolucen-
cies (Fig. 5-7). The periosteal reaction is either absent
or more defined and appears nonaggressive. Uhlinger
(73) and later Mirra and Gold (52) have distinguished
three phases in the evolution of LCH: incipient, mid-
phase, and late phase. During the early phases the le-
sions tend to have aggressive patterns, with a lamellated
periosteal reaction and poorly marginated or perme-
ative lytic lesions. During the late phase the lesions tend
to become more circumscribed (52).

The distribution of the lesion may be determined by
radionuclide bone scan, which can aid in the detection
of silent lesions and in differentiating LCH from Ewing

Figure 5-5 Langerhans cell histiocytosis. Anteroposterior
radiograph of the lower leg of a 4-year-old boy demon-
strates a lesion in the diaphysis of the left tibia (arrows)
exhibiting a permeative type of bone destruction and a
lamellated (onion-skin) type of periosteal reaction similar to
that seen in osteomyelitis and Ewing sarcoma.

Figure 5-6 Langerhans cell histiocytosis. Anteroposterior ra-
diograph of the proximal femur of a 3-year-old boy with a
limp and tenderness localized to the upper thigh shows an os-
teolytic lesion without sclerotic changes, causing scalloping of
the lateral endocortex. There is fusiform thickening of the
cortex and a solid uninterrupted type of periosteal reaction.
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sarcoma, which rarely has multiple foci (43,69). The
study has its limitations, however, because approximately
35% of lesions show a normal uptake of the radiophar-
maceutical tracer (36). Bone destruction may sometimes
result in inadequate residual bone to produce uptake,
and areas of photon deficiency are exhibited (2). Recent
reports indicate the usefulness of thallium-201 scintigra-
phy, which proved to be positive in a lesion that exhib-
ited photon deficiency on technetium-99m methylene
diphosphonate (99mTc-MDP) scintigraphy (26).

Computed tomography (CT) may be useful if radi-
ography inadequately defines the extent of the process
(53), particularly in cases of spine and pelvic involve-
ment (33). This modality effectively demonstrates pe-
riosteal reaction, beveled edges, and reactive sclerosis.

There have been isolated reports of the usefulness
of magnetic resonance imaging (MRI) in evaluating
this condition (5,40). The MRI appearance varies and
appears to correlate with the radiographic appearance
(11). The MRI manifestations of LCH during the ear-
lier stages are nonspecific and may simulate an aggres-
sive lesion, such as osteomyelitis or Ewing sarcoma,

and occasionally benign tumors, such as osteoid os-
teoma or chondroblastoma (5). After gadolinium–
diethylenetriamine-penta-acetic (DTPA) injection, the
lesions show marked enhancement on T1-weighted
images (19) (Fig. 5-8). Occasionally, MRI can demon-
strate early bone marrow involvement in the absence
of radiographic or scintigraphic abnormalities (45). In
some studies, on T1-weighted sequences the lesions
were isointense with adjacent structures (54,58). In
the skull, lesions have been reported to show well-de-
fined high-signal-intensity areas of marrow replace-
ment on T2-weighted sequences. The most recent in-
vestigations have shown that the most common MRI
appearance of LCH is that of a focal lesion, sur-
rounded by an extensive, ill-defined signal from bone
marrow and by soft tissue reaction with low signal in-
tensity on T1-weighted images and high signal inten-
sity on T2-weighted images, considered to represent
bone marrow and soft tissue edema or the flare phe-
nomenon (5,29) (Fig. 5-9).

Histopathology

Histologically, LCH consists of agglomerates of more
or less densely arranged large rounded cells without
cytoplasmic extensions, thus distinguishing them from
epidermal Langerhans cells (Fig. 5-10). Electron micro-
scopic observations proved that this pathognomonic cell
was identical to the Langerhans cells seen in the skin
(70,78). These cells are plump and pink, with a lightly
granular cytoplasm and dendritic extensions. Their nu-
clei are translucent, ovoid, or kidney bean–shaped, have
distinct nuclear membranes, and may exhibit longi-
tudinal grooves. Langerhans cells can be specifically
identified in electron microscopy by the presence of
racquet-shaped cytoplasmic organelles known as Birbeck
granules (6,70), also referred to as Langerhans cell
granules or X granules (45) (see Fig. 1-43). In LCH,
osteoclast-like giant cells are present, usually with five to
seven nuclei (13). They may either represent osteoclasts,
as indicated by their immunoprofile (positive for CD68,
tartrate-resistant acid phosphatase, vitronectin receptor,
cathepsin K, and metalloproteinase 9) or, because some
giant cells also express CD1a, especially in nonbony le-
sions such as skin and lymph nodes, may be formed at a
later stage when mononuclear bone marrow–based pro-
genitor cells, capable of differentiating to osteoclasts or
dendritic cells, have already switched to the dendritic
pathway (3,66).

Langerhans cells express a variety of surface anti-
gens. The IHC demonstration of CD1a, S-100 protein,
and Langerin/CD207 and the electron microscopic
(EM) identification of Birbeck granules are the most
useful markers for Langerhans cells (8,20,32,62,74).

Zones of necrosis are common. In older or multiple
lesions, lipid-bearing foam cells can also be observed
(68) (Fig. 5-11). Special stains can reveal abundant
droplets of sudanophilic fat peripherally or in the mid-
dle of the giant cell cytoplasm (so-called Touton cells)
(68). The granulomatous lesions develop during the
first (incipient) phase (52,73). During the second phase
(midphase), more and more eosinophilic granulocytes

Figure 5-7 Langerhans cell histiocytosis. The healing
stage of the lesion, as seen here in the distal humerus of a
16-year-old girl, exhibits predominantly sclerotic changes
with interspersed radiolucent foci, thickening of the cortex,
and a well-organized periosteal reaction. In this stage, the le-
sion mimics chronic osteomyelitis.
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A,C

B

D
Figure 5-8 Langerhans cell histiocytosis: magnetic resonance imaging (MRI). A: Anteroposterior radiograph of the right fe-
mur of a 13-year-old boy shows a radiolucent lesion in the proximal femoral diaphysis exhibiting a lamellated periosteal reaction.
B: Axial T1-weighted (SE, TR 600, TE 14) MRI demonstrates the lesion to be of low signal intensity. The cortex is markedly thick-
ened. C: Coronal T1-weighted (SE, TR 500, TE 15) MRI obtained after intravenous injection of gadolinium shows marked en-
hancement of the lesion and the soft tissues adjacent to the thickened femoral cortex. D: Axial T1-weighted (SE, TR 700, TE 18)
MRI obtained after intravenous injection of gadolinium shows enhancement of both granuloma and perilesional edema.

containing lobulated nuclei and coarse eosinophilic
granules infiltrate the granuloma, finally forming dense
agglomerates, the so-called eosinophilic pseudoab-
scesses (Fig. 5-12). Sparse infiltrates of lymphocytes and
plasma cells may be found, as well as giant cells and foci
of hemorrhage. The phagocytic capacity of mononu-
clear and multinucleated histiocytic cells can be demon-
strated by their ingestion of erythrocytes, eosinophils,
and hemosiderin granules (38). The cytoplasm of the
phagocytic cells often exhibits double-refractile neutral
fat deposition (38). The eosinophilic granulocytes then
progressively disappear. Some of these features are
displayed to better advantage with methylene blue and
Giemsa preparations. In areas where the eosinophilic
leukocytes are undergoing fragmentation, proteina-
ceous crystalline structures, the so-called Charcot-
Leyden crystals, are demonstrable (68). In the third
phase (late phase), fibroblasts, probably under the in-
fluence of transforming growth factor beta, a major

mediator of fibrosis (12,17), produce collagen with
concomitant reduction and final loss of Langerhans
cells. The lesion then becomes indistinguishable from a
focus of unspecific chronic fibroblastic osteomyelitis.

The so-called Langerhans cell sarcoma represents an
exceedingly rare but very aggressive form of LCH with
multiorgan involvement (75). It can arise de novo or
may progress from typical LCH. The cells present with
obvious malignant features such as enlarged nucleoli,
unevenly distributed nuclear chromatin, and a high mi-
totic rate. By immunohistochemistry (IHC) they express
CD1a and S-100 but sometimes only focally (74).

Differential Diagnosis

Radiology

The differential diagnosis depends on the site and ex-
tent of bone involvement, the phase of the disease, and
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Figure 5-9 Langerhans cell histiocytosis: magnetic resonance imaging (MRI). A: Anteroposterior radiograph of the left
tibia of a 20-year-old woman shows an ill-defined osteolytic lesion in the proximal part of the bone (arrow). B: T1-weighted
sagittal MRI shows a lobulated lesion exhibiting a low signal intensity. C: T1-weighted axial MRI shows that the lesion pene-
trated the posterior cortex and extended into the soft tissues. D: T2-weighted axial MRI shows high signal intensity of the
lesion in and outside the tibia. In addition, a high signal intensity soft tissue reaction surrounds the bone. (Reprinted with per-
mission from Greenfield GB, Arrington JA. Imaging of bone tumors: a multimodality approach. Philadelphia: JB Lippincott,
1995:417.)
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the age of the patient (63,70). In a solitary lesion in
long or flat bones, the main diagnostic considerations
are Ewing sarcoma and osteomyelitis (see Fig. 5-5). Both le-
sions may exhibit moth-eaten or permeative types of
bone destruction and lamellated, onion-skin periosteal
reaction. If a solitary lesion of LCH in a long tubular
bone does not develop a periosteal reaction, a differen-
tial diagnosis of a simple bone cyst must be considered.
However, the characteristic clinical features of the for-
mer lesion should always be taken into consideration:
the so-called tempo phenomenon (38) is a useful sign,
i.e., progression and disappearance of the bony lesion
is very rapid. The differential diagnosis of a solitary
skull lesion in a child or young adult should include
osteomyelitis, hemangioma, and fibrous dysplasia. In an eld-
erly patient, the considerations are the lytic phase of
Paget disease (osteoporosis circumscripta), myeloma, and
a metastasis. The beveled edge or double-contoured
appearance of the lesion is always highly suggestive
of LCH.

A lytic expansive lesion in the pelvis may mimic fi-
brous dysplasia, aneurysmal bone cyst, brown tumor of hyper-
parathyroidism, or hemophilic pseudotumor. Disseminated

A B

C

Figure 5-10 Histopathology of Langerhans cell histiocyto-
sis. A: Densely arranged large Langerhans cells and rounded
giant cells are infiltrated by numerous eosinophilic granulo-
cytes (hematoxylin and eosin, original magnification �100).
B: At higher magnification large pale histiocytes (Langerhans
cells) and numerous roundish giant cells containing up to ten
nuclei (left) are clearly discernible. In addition, sparse lym-
phocytes and eosinophils are present (hematoxylin and
eosin, original magnification �400). C: At high power, the
indentations of oval nuclei are clearly visible (hematoxylin
and eosin, original magnification �630).

Figure 5-11 Histopathology of Langerhans cell histiocyto-
sis. Mulberry-like foam cells (left and upper right), eosinophilic
granulocytes, and hyaline bodies prevail in this field of view
(hematoxylin and eosin, original magnification �50).
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osseous lesions in infants should be distinguished
from infantile myofibromatosis (64), in adolescents and
young adults must be distinguished from multifocal os-
teomyelitis, leukemia, lymphoma, cystic angiomatosis, fibrous
dysplasia, brown tumors of hyperparathyroidism, and in older
patients from metastatic disease and multiple myeloma.

Pathology

The major histologic differential diagnostic condition
is infection because osteomyelitis is among the diseases
capable of producing a polymorphous infiltrate of
several inflammatory cell types. Moreover, there is an
inflammatory reaction that simulates osteomyelitis,
particularly during the midphase of LCH, and it is
therefore necessary to correlate histologic findings
with the radiographic presentation before rendering a
diagnosis. Furthermore, when Langerhans cells and

eosinophils have disappeared in the late phase,
chronic productive osteomyelitis cannot be differenti-
ated by histologic means.

Another diagnostic consideration should be Hodgkin
lymphoma, which can present as a solitary osseous defect
with a mixed inflammatory infiltrate. The identification
of Reed-Sternberg cells and the absence of Langerhans
cells in the latter serve as positive diagnostic clues. Fur-
thermore, because the presentation of Hodgkin lym-
phoma as a primary disease in bone is exceedingly rare,
clinical history is helpful (37,42).

During the involutional stage of LCH, the eosino-
phils markedly diminish in number and disappear alto-
gether as the lesion progresses (matures). The large
mononucleated histiocytes may become lipid-laden in
this stage. The presence of those foci of foam cells may
lead to the mistaken diagnosis of xanthoma of bone, juve-

A B

C D
Figure 5-12 Histopathology of Langerhans cell histiocytosis. A: In a later stage of development, nonspecific inflammatory
cells, particularly lymphocytes, predominate. Some giant cells are also present (hematoxylin and eosin, original magnification
�100). B: In another field, Langerhans cells exhibit a more spindle-shaped appearance. Scattered eosinophils and some giant
cells are also present (hematoxylin and eosin, original magnification �200). C: Tumor cells are positive for S-100 protein, both
cytoplasmic and nuclear (biotin-streptavidin peroxidase, original magnification �200). D: On higher magnification observe
cytoplasmic and membranous positivity for CD1a in Langerhans cells (ABC peroxidase, original magnification �400).
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nile xanthogranuloma of bone, or Chester-Erdheim disease
(7,14,15,18).

The radiologic and pathologic differential diagnosis
of LCH is depicted in Figure 5-13.

Malignant Tumors

Round small cell malignancies of bone form a hetero-
geneous group of neoplasms, distinguished from most
other malignancies of bone by the fact that the tumors
form a pure cellular growth without production of
a tumor matrix (90). The common denominator is
an undifferentiated, round cell, basophilic, cytoplasm-
poor, stroma-poor, highly cellular tumor (144). These
malignancies include primary bone tumors such as
Ewing sarcoma and primitive neuroectodermal tumor
(PNET), lymphoma, mesenchymal chondrosarcoma,
myeloma, metastatic neuroblastoma, and some other
metastatic lesions (Table 5-1).

Ewing Sarcoma

Ewing sarcoma, along with Askin tumor and PNET, is
now regarded as a single entity (Ewing sarcoma family
of tumors) (113). These lesions are characterized by
various degrees of neuroectodermal differentiation
and by common histologic, immunohistochemical, and
molecular properties (87,110,113,121,122,148).

Ewing sarcoma is the prototype of round, small cell
malignancies of bone. It is the sixth most common
malignant tumor, comprising approximately 11% (138)

to 12% (127) of all malignant tumors of bone, with a
rather uniform histologic appearance. Conventional
Ewing sarcoma is composed of densely packed small
cells with round nuclei but without distinct cytoplasmic
outlines (138). It exhibits no microscopic evidence of
matrix production (97). Occasionally, similar tumors
can arise as primary neoplasms of soft tissue. These are
referred to as extraskeletal or soft tissue Ewing sarcomas
(95). Even less commonly, Ewing sarcoma may exhibit
periosteal location (82). There is also a rare form of Ew-
ing sarcoma in which the cells are larger and more pleo-
morphic than those of conventional Ewing tumor. This
form has been referred to as atypical Ewing sarcoma or
large cell Ewing sarcoma (129). The clinical behavior
and prognosis of large cell Ewing sarcoma appear simi-
lar to those of conventional tumor. Furthermore, single
cases of so-called adamantinoma-like Ewing sarcomas
have been described. These sarcomas present with tu-
mor cell nests or anastomosing cords of tumor cells and
strong cytokeratin positivity but reveal the translocation
typical of Ewing sarcomas (see later), which is not pres-
ent in adamantinoma of long bones (85,106). Very
rarely, Ewing sarcoma may be multifocal (88).

All tumors of the Ewing family are characterized by
recurrent chromosomal translocations involving chro-
mosomes 11 and 22 [t(11;22)(q24;q12)] or chromo-
somes 21 and 22 [t(21;22)(q22;q12)] in about 85% or
15% of cases, respectively. In less than 1% of cases,
translocations involving chromosomes 22 and chromo-
somes 2, 7, or 17 and inversions of chromosome 22
(i.e., breakage of a single chromosome with consecu-
tive reversed insertion) have been described. These

LANGERHANS CELL HISTIOCYTOSIS
(EOSINOPHILIC GRANULOMA)

Ewing
sarcoma

Infantile
myofibromatosis

Figure 5-13 Radiologic and path-
ologic differential diagnosis of
Langerhans cell histiocytosis.
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transcripts give rise to fusions between EWS (for Ewing
sarcoma) gene on chromosome 22q12 and members of
the ETS family of transcription factors (ETS is derived
from a sequence that was detected in an avian erythro-
blastosis virus, E26, where it formed a transforming
gene; it was therefore called E26 transformation spe-
cific sequence or ETS) like Fli1 (for Friend leukemia
virus integration 1; present in about 85%), ERG (early
response gene; present in about 15%), ETV1 (or ETS
translocation variant-1), E1A-F (for E1A factor, a bind-
ing protein of the adenovirus E1A gene), and FEV (for
fifth Ewing variant), or ZSG (for zinc finger sarcoma
gene), a transcription activator (136,148). As a result,
chimeric proteins are expressed, which are believed to
act as aberrant transcription factors that may upregu-
late or downregulate Ewing sarcoma target genes. The
gene for the transforming growth factor (TGF) beta II
receptor, a putative tumor suppressor gene, has been
identified as such a target that is downregulated by the
EWS/Fli1 transcript (105). Recently, additional puta-
tive target genes of EWS/Fli1 have been recovered
from DNA of Ewing sarcomas (140).

In about 20% of cases of Ewing sarcoma, the second
most common genetic alteration is the inactivation of
the gene p16 or INK4A, which is involved in cell-cycle
control and is responsible for preventing cells from en-
tering the S-phase by suppressing the activity of the
retinoblastoma protein (116). Wei et al. (152) suggested
that p16 deletions represent a significant negative pre-
dictive factor in Ewing sarcoma. This has recently been
confirmed by the same group and has been shown for
mutations of TP53, which are present in about 10% of
cases (108). In contrast, the most common type of
EWS/Fli1 fusion (type 1 fusion between EWS exon 7 and
Fli1 exon 6) is associated with a better prognosis (148).

Clinical Presentation

Ewing sarcoma occurs primarily in young people, most
commonly in the second decade. Approximately 90% of
cases present before the age of 20 years, with a median
age of about 13 years (130). The tumor has a decisively
male predominance (3:2), and only exceptionally occurs
in black individuals (138). Clinically, Ewing sarcoma may
present as a localized, painful mass or with systemic

Table 5-1 Small Round Cell Tumors of Bone

Tumor Histopathologic Features

Ewing sarcoma

Large cell (atypical)
Ewing sarcoma

Primitive (peripheral)
neuroectodermal
tumor (PNET)
of bone

Askin tumor of bone
(thoracopulmonary
or thoracospinal
variant of PNET)

Malignant lymphoma

Myeloma

Small cell
osteosarcoma

Mesenchymal
chondrosarcoma

Metastatic
neuroblastoma

Metastatic primitive
alveolar
rhabdomyosarcoma

Small, uniform-sized cells with almost clear cytoplasm, round, slightly hyperchromatic nuclei.
Cell borders indistinct.

Larger cells, with better delimited contours, more cytoplasm with eosinophilic “histiocytoid”
appearance, nuclei may contain very prominent nucleoli; atypical variant merges into small
cell Ewing sarcoma.

Similar to Ewing sarcoma. Focal Homer-Wright rosettes, often in tumor association with a
fibrillary intercellular background. Reticulin fibers surrounding large groups of cells in a
basket-like distribution.

Similar to Ewing sarcoma. Focal Homer-Wright rosettes. Compact sheets of cells with dark nu-
clei; nesting arrangement of cells with intervening fibrovascular stroma; serpiginous bands of
cells with necrosis. May or may not display neural differentiation.

Aggregates of malignant lymphoid cells, typically mixture of small lymphocytic cells and large
histiocytic cells. Cells are rounded, ovoid, and pleomorphic, displaying basophilic cytoplasm.
Nuclei contain scanty chromatin, sometimes cleaved or horseshoe-shaped with prominent
nucleoli.

Sheets of atypical plasmacytoid cells frequently bi- and trinucleated. Round nuclei possess
dense, coarse chromatin with cartwheel-like distribution. Prominent nuclei eccentrically
located in a strongly basophilic cytoplasm.

Loose aggregations of small round cells with ovoid nuclei separated by collagenous bands of
fine eosinophilic matrices. Occasional spindling of tumor cells. Focal production of osteoid or
bone.

Small, round, uniform-sized cells with round or ovoid nuclei and scant cytoplasm, occasionally
interspersed with spindle-shaped cells. Areas of well-differentiated cartilage containing foci of
calcification.

Very similar to PNET, including Homer-Wright rosettes; a fibrillary intercellular background;
long, thin tapering cytoplasmatic extensions creating appearance of a “pear” or “carrot”
cells; and higher degree of neural differentiation.

Similar to Ewing sarcoma. Alternating areas of cellularity and myxoid changes. Round or oval,
occasionally spindled or tapered cells with scant eosinophilic cytoplasm.

Modified from Triche T, Cavazzana A. Round cell tumors of bone. In: Unni KK, ed. Bone tumors, New York: Churchill Livingstone,
1988;199–223; from Meis-Kindblom JM, Stenman G, Kindblom L-G. Differential diagnosis of small round cell tumors. Semin Diagn Pathol
1996;13:213–214; and from Llombart-Bosch A, Contesso G, Peydro-Olaya A. Histology, immunohistochemistry, and electron microscopy
of small round cell tumors of bone. Semin Diagn Pathol 1996;13:153–170.
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symptoms such as fever, malaise, weight loss, leukocyto-
sis, and increased erythrocyte sedimentation rate (115),
a constellation of findings that may lead to an erroneous
diagnosis of osteomyelitis (99). It has been speculated
that the presence of systemic symptoms indicates dissem-
ination of the tumor, with a consequently worsened
prognosis (83). Diaphyses of the long bones (predomi-
nantly femur, tibia, and humerus), the ribs, and the flat
bones, such as the scapula and the pelvis, are preferred
sites (90,118) (Fig. 5-14). Although metaphyses of the
long bones occasionally may be affected (135), an epi-
physeal location is rare (2%) (125,138). The small bones
of the hands and feet can also be affected (81). Accord-
ing to Ilaslan et al. (109), 9.8% of all cases of Ewing
sarcoma has a primary vertebral origin. Pathologic frac-
tures are uncommon (97). Occasionally, Ewing sarcoma
may metastasize to the other bones.

Imaging

In most cases, the radiographic presentation of Ewing
sarcoma is quite characteristic. It consists of an ill-
defined lesion with a permeative or moth-eaten pattern
of bone destruction associated with a lamellated pe-
riosteal new bone formation that has an onion skin (or
“onion peel”) appearance, or, less commonly, a “sun-
burst” (“trimmed whiskers” effect) configuration (101),
and a large soft tissue mass (Fig. 5-15). Ewing sarcoma
occasionally presents as a large area of geographic bone
destruction, with or without matrix mineralization, simu-
lating any other type of bone sarcoma. At times the le-
sion in the bone is almost imperceptible, and the only
prominent finding is a soft tissue mass (Fig. 5-16). The
lesion sometimes creates a typical “saucerization” of the
cortex, a feature once believed to be virtually pathogno-
monic for this tumor (Fig. 5-17). The saucerization may
be related to the combination of destruction of the pe-
riosteal surface of bone by the tumor and an associated
extrinsic pressure effect of the large soft tissue mass
(132). This sign has recently been reported in other tu-
mors and even in osteomyelitis. However, the presence
of saucerization associated with a permeative lesion and
a soft tissue mass favors the diagnosis of Ewing sarcoma.
When the lesion exhibits a permeative appearance, it
may be indistinguishable from osteomyelitis (Fig. 5-18).
Because Ewing sarcoma does not produce a matrix ma-
terial, radiography reveals a lack of mineralization in the
substance of the tumor. However, because there is often
an abundant periosteal new bone formation, particularly
in the flat bones, this appearance may mimic osteosar-
coma, and differentiation between the two tumor types
may be difficult (Fig. 5-19). Approximately one third of
the cases affecting flat bones demonstrate a diffuse scle-
rosis. Unlike osteosarcoma, this sclerosis represents not a
tumor bone but rather reactive bone to the tumor cell
infiltration (139).

On radionuclide bone scan, Ewing sarcoma shows a
very intense increase of technetium-99m methylene
diphosphonate (99mTc-MDP) accumulation (128).
Gallium-67-citrate (67Ga-citrate) more readily identi-
fies soft tissue tumor extension (94,96). Although
scintigraphic findings are nonspecific, this technique

Ewing Sarcoma

age: 5-25
M > F 

common sites

less common sites

Figure 5-14 Ewing sarcoma: skeletal sites of predilection,
peak age range, and male-to-female ratio.
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Figure 5-15 Ewing sarcoma. A: Lateral radi-
ograph of a 12-year-old boy shows the typical
appearance of this malignancy in the diaphysis of
the fibula (arrows). The poorly defined lesion ex-
hibits a permeative bone destruction associated
with an aggressive periosteal reaction. B: CT sec-
tion through the tumor demonstrates a large soft
tissue mass (arrowheads), not well depicted on
the routine study. Note the complete obliteration
of the marrow cavity by tumor.

326

A

B

Figure 5-16 Ewing sarcoma. A: Bone destruc-
tion (arrows) is almost imperceptible on this mag-
nification study of the distal femoral diaphysis of a
10-year-old girl. B: Lateral radiograph of the dis-
tal femur, however, shows a large soft tissue mass
adjacent to the posterior cortex.
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Figure 5-16 Continued C: Computed tomography using
a bone window demonstrates destruction of the medullary
portion of the bone and invasion of the cortex.

Figure 5-17 Ewing sarcoma. Anteroposterior radiograph of
the right femur of a 12-year-old girl shows saucerization of
the medial cortex of the diaphysis, often seen in Ewing
sarcoma. Note a large soft tissue mass (arrowheads).

Figure 5-18 Ewing sarcoma resembling osteomyelitis. A
24-year-old man presented with pain and swelling of the left
ankle for 8 weeks; he also had a fever. Anteroposterior radi-
ograph of the ankle demonstrates a lesion of the distal fibula
exhibiting a permeative type of bone destruction and a
lamellated periosteal reaction. The appearance is that of in-
fection (osteomyelitis), but biopsy revealed Ewing sarcoma.

C

provides reliable information concerning the pres-
ence of skeletal metastases (112,127).

CT reveals the pattern of bone destruction, and at-
tenuation values (Hounsfield units) provide informa-
tion about the medullary extension (94). In addition,
CT may help to delineate extraosseous involvement
(149) (see Fig. 5-15B).

MRI is essential for definite demonstration of the ex-
tent of intraosseous and extraosseous involvement by
this tumor (84,150) (Fig. 5-20). In particular, MRI may
effectively reveal extension through the epiphyseal plate
(100). T1-weighted images show intermediate to low sig-
nal intensity, which becomes bright on T2 weighting.
Hypocellular regions and areas of necrosis are of lesser
intensity (94). Imaging after injection of gadolinium
(Gd-DTPA) reveals signal enhancement of the tumor
on T1-weighted sequences (100). Enhancement occurs
only in the cellular areas, allowing differentiation of the
tumor from the peritumoral edema.

Histopathology

The gross appearance of Ewing sarcoma may be mis-
leading (155). Because the lesion does not produce
any matrix, its appearance can range from a soft and
fleshy but solid mass to an almost liquid consistency.
When a tumor of the latter consistency is cut into at
the time of surgery, it may actually run like pus. This
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A B

Figure 5-19 Ewing sarcoma resembling osteo-
sarcoma. Anteroposterior (A) and lateral (B)
radiographs of the left femur of a 17-year-old
boy, displaying a significant sclerosis of the tumor
that was originally interpreted as osteosarcoma.

can lead to a mistaken diagnosis of osteomyelitis, and
the material may be sent for microbiologic culture
rather than histopathologic examination, thus causing
a delay in diagnosis (83).

The microscopic appearance of Ewing sarcoma is typ-
ical. At lower magnification, the tumor consists of small,
uniform-sized cells characterized by an almost clear to
light eosinophilic cytoplasm and nuclei that are round
and slightly hyperchromatic. Prominent septa composed
of fibrous connective tissue divide the tumor tissue into
strands or lobules (138) (Fig. 5-21A). Because the cell
borders are indistinct, it sometimes appears as if the tu-
mor is composed of many nuclei floating in a sea of cyto-
plasm rather than being separated into discrete cells.
The nucleoli are usually inconspicuous. Areas of necro-
sis and hemorrhage are often observed (120). At higher
magnification, the nuclei appear round and uniform
(Fig. 5-21B–D). Sometimes the cytoplasm contains a
moderate amount of glycogen that can be demonstrated
by periodic acid–Schiff (PAS) staining (137) (Fig. 5-22)
or, more specifically, with Best carmine stain with and
without diastase digestion prior to staining, which will
remove glycogen. Mitotic figures are uncommon in clas-

sical Ewing sarcoma (138). Although no extracellular
matrix is found between the tumor cells, and reticulin
fibers are almost always absent (Fig. 5-22C), reactive new
bone formation may be observed, especially at the pe-
riphery. This reactive bone is sometimes difficult to dis-
tinguish from tumor-bone formation, and small cell os-
teosarcoma may therefore be erroneously diagnosed.

In extremely rare cases, Ewing sarcoma exhibits an
epithelial differentiation similar to adamantinoma of the
long bones (93,103,124,126,141,151). Other primary
tumors of bone known to have epithelial features are
adamantinoma of long bones (89), malignant fibrous
histiocytoma (153), and osteosarcoma (91,117).

Electron microscopy of this lesion reveals highly
characteristic ultrastructural features (133,142). The
predominant or principal cell type is polygonal. The
cytoplasm exhibits few organelles, with sparse rough
endoplasm reticulum, and few mitochondria. However,
a conspicuous Golgi complex is often present. The
nuclei of these cells are round or oval. Typically,
the chromatin is fine and evenly distributed, and there
are single or multiple small nucleoli. The cytoplasm
may contain many glycogen granules. In addition to
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A, B

ED

C

Figure 5-20 Ewing sarcoma: magnetic resonance imaging (MRI). Anteroposterior (A) and lateral (B) radiographs of the
right distal femur of a 7-year-old girl show permeative type of bone destruction in the metaphysis and diaphysis associated
with a large soft tissue mass. Coronal (C) and sagittal (D) T1-weighted (SE, TR 750, TE 20) MR images demonstrate the
intraosseous and extraosseous extent of the tumor. E: Axial T2-weighted (SE, TR 2000, TE 80) MRI shows heterogeneous but
mostly high signal intensity of the soft tissue mass.
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A

C

B

D
Figure 5-21 Histopathology of Ewing sarcoma. A: Densely packed small cells with round nuclei and indistinct cell borders
are characteristic for this tumor. To the right a prominent septum composed of fibrous connective tissue is visible (hema-
toxylin and eosin, original magnification �50). B: At high magnification the uniform aspect of the round nuclei without clear
cytoplasmic outlines is striking (hematoxylin and eosin, original magnification �100). C: With Giemsa staining the cytoplasm
is more distinct. The nuclei are darkly and homogeneously stained (Giemsa, original magnification �100). D: With alcohol fix-
ation, in this case there was better preservation of cell details (hematoxylin and eosin, original magnification �100).

the principal cell, there may be a small number of so-
called dark cells (reflecting a condensed chromatin)
(119, 138). It is still undetermined whether this cell
is a precursor or, more likely, a terminal form of the
principal cell.

IHC reveals that almost all Ewing family tumors
exhibit a positive membranous or cytoplasmic reaction
for CD99 and vimentin, respectively (102) (Fig. 5-23).
Because CD99 positivity [a transmembrane glycopro-
tein involved in cell adhesion, apoptosis and differenti-
ation, encoded by the Mic2 gene which is located on
both x and y chromosomes as a pseudoautosomal gene
at the end of their short arms (114)] is not specific
for Ewing tumors, additional markers covering the
spectrum of “small round blue-cell” tumors must be
applied (see later). To diagnose a given tumor as
PNET, more than one finding of neural differentiation
must be present, i.e., Homer-Wright rosettes by light
microscopy or positive immunoreactions for two
neural markers [neuron-specific enolase (NSE), synap-
tophysin, neurofilament, S-100, CD57, protein gene

product 9.5 (PGP9.5)], at least in some tumor cells
(Fig. 5-24), or neurosecretory granules within cytoplas-
mic processes must be demonstrated by ultrastructural
analysis (131).

Differential Diagnosis

Radiology

On radiography, the most important differential con-
sideration is to distinguish Ewing sarcoma from os-
teomyelitis and LCH because both of these entities may
present with a similar aggressive moth-eaten or per-
meative pattern of bone destruction (see Fig. 5-18). It
is not uncommon for all three conditions to appear
identical. The clinical information, e.g., duration of
the patient’s symptoms, aids in radiographic differen-
tial diagnosis. In LCH, for example, the amount of
bone destruction seen on radiography after 1 week of
symptoms is usually the same as that seen after 4 to 6
weeks of symptoms in osteomyelitis and after 3 to 4
months in Ewing sarcoma (104). The other look-alike
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Figure 5-22 Histopathology of Ewing sarcoma: periodic
acid–Schiff (PAS) staining. A: Densely packed small cells
with dark round nuclei infiltrate the muscle (bottom). The
cells are somewhat artificially deformed. No glycogen has
been preserved in the cells because of formaldehyde fixation
(PAS, original magnification �100). B: Fixed in ethanol, the
glycogen granules in the cytoplasm of the tumor cells were
stained red with PAS method (PAS, original magnification
�100). C: Tumor cells do not form reticulin fibers; only the
preexisting fibers of the infiltrated tissue are stained dark
brown to black (Novotny, original magnification �200).

A B

C

Figure 5-23 Histopathology of Ewing sarcoma: immuno-
histochemistry (IHC). IHC reaction with CD99 is positive,
but there is no reaction in endothelial cells (center) (biotin-
streptavidin peroxidase, original magnification �400).

lesion to be distinguished is osteosarcoma. The latter
tumor is usually metaphyseal in location (as op-
posed to the mostly diaphyseal location of Ewing sar-
coma), more commonly than Ewing sarcoma exhibits
sunburst and Codman triangle types of periosteal

reaction, and displays (except for purely lytic lesions,
such as telangiectatic or fibroblastic variants) bone
formation within destructive lesions in the bone
and within a soft tissue mass. It should be stressed,
however, that Ewing sarcoma may occasionally exhibit
reactive sclerotic changes, thus mimicking bone-
forming tumors (see Fig. 5-19).

Lymphoma must also be included in the differential di-
agnosis, although this lesion usually occurs in older age
groups. The important radiologic difference is usually
the absence of a soft tissue mass in lymphoma (see Fig. 
5-28), whereas in Ewing sarcoma a soft tissue mass is al-
most invariably present, often being disproportionally
large compared with the amount of bone destruction
(see Fig. 5-16). The distinction between Ewing sarcoma
and PNET cannot be made on the basis of radiography
(107,134), and differentiation between these two lesions
must rely entirely on histologic examination (127).
Metastatic neuroblastoma, which has a similar appearance
on radiography and simulates Ewing sarcoma, invariably
affects patients younger than 5 years.

Although recently Sundaram et al. (143) reported a
case of Ewing sarcoma of the humerus mimicking fibrous
dysplasia on imaging and biological behavior, from a
practical point of view the latter lesion should not be se-
riously considered in the differential diagnosis.
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D
Figure 5-24 Histopathology of primitive neuroectodermal tumor (PNET). A: Observe newly formed periosteal bone with
extensive infiltration (hematoxylin and eosin, original magnification �50). B: Nuclear and cellular details are similar to Ewing
sarcoma (hematoxylin and eosin, original magnification �400). C: Almost all tumor cells are positive for neuron-specific
enolase (NSE) (biotin-streptavidin peroxidase, original magnification �200). D: Same tumor as in C; some cells also exhibit a
positive reaction for synaptophysin (biotin-streptavidin peroxidase, original magnification �400).

Pathology

On histologic examination, Ewing sarcoma should be
differentiated from malignant lymphoma. In the latter,
the nuclei are larger and less uniform than those in
Ewing sarcoma, with distinct indentations and lobula-
tions and often with enlarged nucleoli. A more or less
dense net of reticulin fibers usually surrounds the
cells. This is in contrast to Ewing sarcoma, in which the
fibers are usually limited to the septa of fibrous tissue
(123). It is entirely possible for the large cell variant of
Ewing sarcoma to be mistaken for large cell lymphoma,
which is by far the most common subtype of primary
lymphoma of bone. The presence of intracellular
glycogen and the lack of reticulin fibers, except for
those in the septa in Ewing sarcoma, should help in
the diagnosis of Ewing sarcoma (97).

In addition to malignant lymphoma, the differential
diagnosis of Ewing sarcoma includes other small round

cell malignancies, such as metastatic neuroblastoma (144,
145). However, neuroblastomas usually occur in the first
3 years of life, whereas Ewing sarcoma is uncommon in
patients younger than 5 years. Furthermore, most neu-
roblastomas are characterized by a neural filamentous
material that is absent in Ewing sarcoma, and the former
malignancy is accompanied by elevated levels of urinary
catecholamines. Among the light microscopic clues are
the presence of Homer-Wright rosettes (which may also
be present in PNET), a fibrillary intercellular back-
ground, and the tapering cytoplasmic processes that
are present in metastatic neuroblastoma (97). Ewing
sarcoma must also be differentiated from osteomyelitis.
Chronic osteomyelitis with a preponderance of plasma
cells or lymphocytes might occasionally be mistaken for
Ewing sarcoma. Again, the variegated histologic picture
with granulocytes, should allow distinction.

Other entities to be differentiated from Ewing
sarcoma are small cell osteosarcoma and mesenchymal
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chondrosarcoma. The distinguishing feature of small cell
osteosarcoma is the presence of foci of osteoid (Fig. 5-
25; see also Fig. 2-85). Mesenchymal chondrosarcoma is
characterized by foci of cartilaginous matrix, although
they may be sparse. In such instances, the demonstration
of the t(11;22) translocation by fluorescence in situ hy-
bridization (FISH) or reverse transcriptase polymerase
chain reaction (RT-PCR) is crucial.

Undifferentiated round cell areas of synovial sarcoma
might also be mistaken for Ewing sarcoma. They usually
contain a delicate network of reticulin fibers, which
are not present in Ewing tumors. The same is true for

metastatic seminoma, which, on the basis only of histologic
staining with hematoxylin and eosin (H&E), may be dif-
ficult to differentiate. The uniform appearance of the
cells and nuclei, clear cytoplasm, conspicuous nucleoli,
and interspersed lymphocytes may help in the diagnosis.

Differential diagnosis of so-called round, blue, small
cell tumors by histopathologic examination is usually
not possible without the use of additional methods,
particularly IHC, electron microscopy, and, recently,
molecular biology (98,127,132). For routine histologic
diagnosis of these tumors, IHC has almost replaced
electron microscopy (Table 5-2). Distinction between

Figure 5-25 Histopathology of small cell osteosarcoma. A: Loosely arranged tumor cells with hyperchromatic nuclei and
some inconspicuous needle-like osteoid particles (upper left and right) make recognition of bone-forming tumor difficult
(hematoxylin and eosin, original magnification �50). B: On the left at higher magnification, the pleomorphism of the dark
nuclei and the narrow cytoplasm seams betray the malignancy of the cells (hematoxylin and eosin, original magnification
�100). On the right, with reaction for osteonectin, most cells show a more or less distinct positivity (ochreous yellow)
pointing to their malignant osteoblastic character (osteonectin, original magnification �100). (Courtesy of Professor Klaus
Remberger, University of Saarland, Germany.)

A B

Ewing sarcoma — �/a � — �/a � (�) — — — — —
PNET/Askin tumor — — � — (�) � (�) � — — � —
Malignant

lymphoma � — � — — (�) (�) — � �/� — (�)
Myeloma � — �/� — — (�) — — �/� � — �
Small cell

osteosarcoma — — � — — — — — — — — —
Mesenchymal

chondrosarcoma — — � — — � — — — — — —
Metastatic

neuroblastoma — — — — � — (�) � — — � —
Rhabdomyosarcoma — — (�) � — — — (�) — — — —
Synovial sarcoma � � � — — � — — — — — (�)
Desmoplastic small

round cell tumor — � � � — (�) � � — — � —

CK, cytokeratin; Vim, vimentin; Des, desmin; NF, neurofilament; NSE, neuron-specific enclose; Syn, synaptophysin; (�), weak reaction;
PNET, primitive neuroectodermal tumor of bone.
aPositive in single cases in a few cells.
Modified from Triche T, Cavazzana A. Round cell tumors of bone. In: Unni KK, ed. Bone tumors. New York: Churchill Livingstone, 1988:199–223.

Table 5-2 Small Round Cell Tumors of Bone and Typical Immunohistochemistry Results

Light
Chains

Tumor bcl-2 CK Vim Des NF CD99 CD57 NSE CD45 � or � Syn CD138
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Ewing sarcoma, large cell Ewing sarcoma, PNET, and
other round small cell tumors is now possible with a
fair degree of accuracy (92,111). In IHC, CD99 positiv-
ity appears to be highly characteristic for the Ewing
tumor group (147,199) (see Fig. 5-23). However, be-
cause other round, blue, small cell tumors may also
be CD99-positive, a panel of additional markers must
be applied to rule out other primary or metastatic tu-
mors, e.g., lymphoma (positive for CD45), rhabdomyosar-
coma (positive for myogenin, a transcription factor
for skeletal muscle-specific proteins, and desmin), neu-
roblastoma (strong positive reactions for neurofilament,
NSE, synaptophysin), desmoplastic small round cell tumor
(positive for coexpressed cytokeratins, vimentin and
desmin; NSE), synovial sarcoma [positive for BCL2, ep-
ithelial membrane antigen (EMA), cytokeratins], and
metastatic seminoma (positive for placenta-specific alka-
line phosphatase, CD117, and OCT3/4, a transcrip-
tion factor that is expressed in pluripotent embryonic
germ cells) (98,146). Molecular probes are also avail-
able for most of these tumors (154). Other tumors,
such as small cell osteosarcoma and mesenchymal chon-
drosarcoma which, to a lesser or greater extent, are
also CD99 positive, need to be excluded by the demon-
stration of osteoid or cartilage, respectively, within the
tumor.

Whenever possible, molecular genetic studies should
be conducted to identify the diagnostic fusion tran-
scripts of Ewing tumors. For this purpose, a small aliquot
of biopsy material should be stored snap-frozen as rec-
ommended, for example, by the College of American
Pathologists (86).

Histochemical techniques and special stains are
rarely employed for differential diagnosis. However, if
no frozen material for molecular biology is available
and IHC is equivocal, proof of intracytoplasmic glyco-
gen by the PAS or Best reaction combined with diastase
pretreatment, as well as absence of reticulin fibers from
tumor tissue, may be of diagnostic value.

The radiologic and pathologic differential diagnosis
of Ewing sarcoma is depicted in Figure 5-26.

Malignant Lymphoma

The term malignant lymphoma refers to a group of
neoplasms that are composed of lymphoid cells in vari-
ous stages of maturation (177). According to the WHO,
malignant lymphomas of bone are subdivided into
(a) those that affect one skeletal site, with or without
involvement of regional lymph nodes, (b) those that
affect multiple bones without lymph node or visceral
involvement, (c) those that present as a primary bone
tumor but reveal nodal or visceral lesions at staging
examinations, and (d) those with a known lymphoma
and consecutive positive bone biopsy. Groups (a) and
(b) are considered primary lymphomas of bone (209).
Primary lymphoma of bone is very uncommon (180).
Unni (208) has reported a prevalence of 0.07% for ma-
lignant lymphoma of bone (primary and secondary) in
the Mayo Clinic series of 8,591 primary malignant bone
tumors, with only 3.1% of cases representing primary
osseous involvement.

Lymphomas are subdivided into non-Hodgkin lym-
phoma and Hodgkin lymphoma. Although secondary

Langerhans 
cell histiocytosis

Figure 5-26 Radiologic and pathologic
differential diagnosis of Ewing sarcoma.
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involvement of bones is relatively common in Hodgkin
lymphoma and especially in non-Hodgkin lymphoma
[skeletal involvement is present in approximately 13%
of patients who have Hodgkin lymphoma and about
33% who are affected by the latter (186)], primary
Hodgkin lymphoma of bone is extremely rare (184). A
rare form of lymphoma, seen predominantly in chil-
dren in tropical Africa, is known as Burkitt lymphoma
(see Fig. 5-37). In this type of lymphoma, involvement
of the facial bones is particularly characteristic (201).
Lesions affecting long tubular bones and flat bones are
less common.

Recently, WHO adopted the Revised European-Amer-
ican Classification of Lymphoid Neoplasms (REAL) that
originally was proposed by the International Lymphoma
Study Group (Table 5-3). This classification defines dis-
tinct disease entities based on a combination of morpho-
logic, immunophenotypic, genetic, and clinical features
(185a).

Non-Hodgkin Lymphoma

Primary lymphoma of bone is a rare tumor (comprising
3% to 4% of all malignant bone tumors). This lesion
was formerly termed reticulum cell sarcoma or lym-
phosarcoma (158). Lymphomas are considered primary
in bone only when a complete systemic workup reveals
no evidence of extraosseous involvement other than a
regional lymph node. Moreover, some authorities con-
sider that no evidence of extraosseous or nodal disease
must be present for at least 6 months after the discovery
of the osseous focus for lymphoma to be considered pri-
mary in the bone. It should be pointed out, however,
that the skeletal system may be secondarily involved in
about 30% to 33% of malignant lymphomas (168,186).
Non-Hodgkin lymphomas encompass a heterogeneous

spectrum of neoplasms that vary in their clinical and ra-
diologic manifestations. The most common lymphoma
subtype with bone marrow involvement, primary and
secondary, is follicular lymphoma (about 39%) followed
by diffuse large cell lymphoma (about 16%), mantle-
cell lymphoma (about 9%), low-grade B-cell lymphomas
(NOS), and lymphoplasmacytic lymphomas (about
8% each) and T-cell lymphomas (about 6%) (156).
The vast majority of primary lymphomas of bone are
diffuse large B-cell lymphomas (92%), followed by
diffuse follicle center-cell lymphomas, anaplastic large
cell lymphomas (3% each), and lymphoplasmacytic
lymphomas (2%) (200,206,209). In Southeast Asia, pri-
mary T-cell lymphomas in bone appear to be the second
most common type following diffuse large B-cell lym-
phoma (181).

Clinical Presentation

This malignancy occurs in the second to seventh
decades, usually involving young and older adults, with a
peak incidence between the ages of 35 and 45 years. As a
whole, the patient population is distinctly older than the
population with Ewing sarcoma, and there is a decisively
male predominance, with a reported ratio ranging from
1.5:1, to 2:1, to 3:2 (38,208). Patients may present with
local symptoms, such as pain and swelling, or with sys-
temic symptoms, such as fever and weight loss, although
some patients may be asymptomatic. Some investigators
pointed out that a disproportion between an extensive
local disease and overall good clinical condition of the
patient with malignant bone lymphoma can be a helpful
feature in differential diagnosis (185a). The sites of
predilection are the long bones (femur, tibia), the pelvis,
the ribs, and the vertebrae (Fig. 5-27), although the
small bones of the hands and feet can occasionally be

Table 5-3 Revised European-American Lymphoma Classification

Precusor B-cell neoplasm
• Precursor B-lymphoblastic

leukemia or lymphoma
Mature B-cell neoplasm
• B-cell chronic lymphocytic

leukemia, prolymphocytic leukemia,
small lymphocytic leukemia

• Lymphoplasmacytoid lymphoma
• Mantle cell lymphoma
• Follicle center lymphoma
• Marginal zone B-cell lymphoma
• Hairy cell lymphoma
• Diffuse large cell B-cell lymphoma
• Burkitt lymphoma
• High-grade B-cell lymphoma

Precursor T-cell neoplasm
• Precursor T-lymphoblastic

lymphoma or leukemia
Peripheral T-cell and natural killer

cell neoplasm
• T-cell chronic lymphocytic

leukemia
• Large granular lymphocyte

leukemia
• Mycosis fungoides, Sezary

syndrome
• Peripheral T-cell lymphoma
• Angioimmunoblastic T-cell

lymphoma
• Angiocentric lymphoma
• Adult T-cell lymphoma 
• Anaplastic large cell lymphoma

Nodular lymphocyte predominance
(paragranuloma)

Nodular sclerosis
Mixed cellularity
Lymphocyte depletion
Lymphocyte-rich classic Hodgkin

disease

T-Cell and 
B-Cell Lymphomas Natural Killer Cell Neoplasms Hodgkin Disease

Modified from Krishnan A, Shirkhoda A, Tehranzadeh J, et al. Primary bone lymphoma: radiographic–MR imaging correlation. Radiographics
2003;23:1371–1387, with permission.
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affected (180). Only rarely is the tumor present in a
periosteal location (162). Pathologic fractures are ob-
served in approximately 25% of cases (208). Neurologic
symptoms may be present in lesions localized in the
vertebrae.

Imaging

The roentgenographic appearance of malignant lym-
phoma can vary widely (159,185a,190,202). Lymphoma
tends to involve a large portion of the affected bone
and is usually localized in the shaft. The lesion may
be marked by a large area of geographic, lytic bone
destruction (Fig. 5-28A), may exhibit a moth-eaten pat-
tern (Fig. 5-28B), or may have a very subtle permeative
pattern involving the medullary canal (Fig. 5-28C)
(165). In the latter case, radiographs may appear almost
normal (Fig. 5-29). This lesion may also have an ivory
bone appearance, a picture commonly seen in vertebrae
(Fig. 5-30) or flat bones, although this presentation is
not as common as in Hodgkin lymphoma. Although in
the past it was thought that lymphoma rarely evokes any
periosteal new bone formation and soft tissue mass, in
distinct contrast to the presentation of Ewing sarcoma
(174), the recent investigations suggest something dif-
ferent. Mulligan et al. (193), in reviewing 237 pathologi-
cally proven cases of primary lymphoma of bone, noted
periosteal reaction in 58% and soft tissue masses in 48%
of cases. Moreover, Manaster (189) observed a promi-
nent endosteal reaction that is rather characteristic for
lymphoma. This reaction, together with periosteal re-
sponse, caused substantial thickening of the cortex. Fur-
thermore, this author suggested that the character of a
soft tissue mass may be helpful in the diagnosis of lym-
phoma. Whereas the soft tissue mass in most bone sarco-
mas is usually round or oval, displacing adjacent muscles
and neurovascular bundles, the soft tissue mass in
primary lymphoma of bone is often disproportionately
large, exhibits an infiltrative appearance involving more
than one compartment, extends over long distances,
and does not appear to be pseudoencapsulated (189).

The radionuclide bone scan is usually positive
(187,197) (see Fig. 5-32B), and the combination of a
normal radiograph and positive scintigraphy should
suggest the possibility of malignant lymphoma (83).

CT can reveal bone destruction and soft tissue
involvement, often associated with osseous changes
(171,188) (Figs. 5-31 and 5-32). It also can detect bony
sequestra, which are estimated to occur in 11% of
primary lymphomas of bone (192,193) (Fig. 5-33).

MRI may also be helpful in demonstrating the
involvement of the bone marrow (167,169,203,207).
On T1-weighted images, diffuse infiltration presents as
an area of low signal intensity (211). On T2-weighted
images, the affected areas are hyperintense compared
with muscle but isointense compared with fat (178,
179,192,194,196). On short time inversion recovery
(STIR) images, with suppression of the normally bright
marrow fat, the foci of lymphomatous infiltration ex-
hibit a high signal intensity (175, 210). After adminis-
tration of gadolinium, T1-weighted images show areas
of enhancement within the lesion (185a).

Lymphoma

age: 45-75
M:F = 3:2 

common sites

less common sites

Figure 5-27 Malignant lymphoma: skeletal sites of
predilection, peak age range, and male-to-female ratio.
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A, B C
Figure 5-28 Malignant lymphoma. A: Anteroposterior radiograph of the left elbow of a 42-year-old man shows a large
osteolytic lesion in the distal humerus (arrows). B: Anteroposterior radiograph of the right femur of a 7-year-old girl who
presented with pain in the upper thigh and a fever reveals a destructive lesion of the diaphysis extending to the growth plate.
There is also a subtle lamellated periosteal reaction. C: Anteroposterior radiograph of the left shoulder in a 30-year-old man
shows a permeative pattern of bone destruction in the proximal humerus accompanied by a lamellated periosteal reaction.

Figure 5-29 Malignant lymphoma. Oblique radiograph of
the left distal forearm and wrist in a 63-year-old woman
shows almost imperceptible lesion in the distal radius
(arrows). Note that there is no periosteal reaction present.
(Reprinted with permission from Greenfield GB, Arrington JA.
Imaging of bone tumors: a multimodality approach. Philadel-
phia: JB Lippincott, 1995:404.)
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Figure 5-30 Malignant lymphoma. Anteroposterior radiograph of the thoracic spine of a 32-year-old man shows sclerosis of
T7 vertebra (“ivory vertebra”). Note bulging of the paraspinal line (arrows).

Figure 5-31 Malignant lymphoma: computed tomography (CT). A: Anteroposterior radiograph of the lumbar spine of a
45-year-old man shows a destructive lesion of the L3 vertebra (arrows). The extent of the tumor cannot be evaluated. B: CT
section shows the full extent of the lesion in the bone and a large soft tissue mass.

A B
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Figure 5-32 Malignant lymphoma: scintigraphy and computed tomography (CT). A: Anteroposterior radiograph of the
right hip of a 36-year-old man shows a very subtle osteolytic lesion of the acetabulum (arrow). B: Radionuclide bone scan
shows increased uptake of the tracer in the region of the right hip (arrow). C, D: Two CT sections demonstrate the involve-
ment of the anterior column and roof of the acetabulum.

A

C

B

D
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Figure 5-33 Malignant lymphoma: computed tomography (CT). A: A lateral myelogram in an 18-year-old woman, who
presented with low back pain for several months with the clinical impression of herniated intervertebral disk, shows that the
disk is normal, but the body of L5 vertebra exhibits a mottled appearance (arrow) and its posterior border is indistinct. B: CT
section demonstrates a large osteolytic lesion extending from the anterior to the posterior margins of the vertebral body. Note
small sequestra within the lesion frequently seen in lymphomas.

A B

Histopathology

Malignant lymphoma of bone appears grossly similar to
lymphomas elsewhere in the body (e.g., in lymph
nodes). Both lesions are soft and fleshy. Areas of necro-
sis are occasionally observed (198).

From the histologic standpoint, the appearance of
lymphoma is also diverse (191). The lesion consists of ag-
gregates of malignant lymphoid cells that fill the marrow
spaces and induce resorption of cancellous bone trabec-
ulae or reactive sclerosis. In primary non-Hodgkin lym-
phoma, diffuse growth pattern is invariably observed,
typically exhibiting a mixture of small lymphocytic cells
and a larger histiocytic cell component, whereas second-
ary lymphomas present with a mixture of paratrabecular,
nodular, interstitial, and diffuse infiltration patterns
(156). The cells in primary non-Hodgkin lymphoma are
usually rounded, ovoid, and pleomorphic (Fig. 5-34A).
The cytoplasm is basophilic and exhibits well-defined
outlines (166) (Fig. 5-34B). Unlike the case in Ewing
sarcoma, the nuclei are rather large, contain relatively
scanty chromatin, and are sometimes indented
(cleaved) or horseshoe-shaped, with prominent nucleoli
(Fig. 5-35). Cytoplasmic glycogen is usually lacking and
reticulin fibers are usually present, forming a more or
less uniformly distributed net around the tumor cells
(138) (Fig. 5-36). A fibroblastic component is often
prominent in intraosseous lymphomas and is sometimes

associated with spindling of the neoplastic lymphoid
cells (97). Depending on the type of lymphoma, the in-
filtrate may be monomorphic or polymorphic (Fig. 5-
37). However, even in the polymorphic variant, the cells
are characterized by malignant rather than inflam-
matory properties. T-cell lymphomas, in particular, tend
to exhibit the widest admixture of cell types, and also
tend to be infiltrated by eosinophils (156). The histo-
logic differential diagnosis includes Ewing sarcoma/
PNET, metastatic neuroblastoma, and other small round
cell tumors involving bone. Although the patient’s age
and the overall morphologic features are usually suffi-
cient to categorize the tumor, the most important single
procedure to distinguish lymphoma from all other ma-
jor round cell tumors, as already mentioned, is the im-
munoreaction for CD45 or CD20 (see Fig. 5-34C) and
CD3 (B-cell and T-cell markers) because lymphoid cells
are the only cells that show positivity (for additional in-
formation see section on differential diagnosis).

When a lymphoma of bone is suspected, all special
studies usually done in lymphoma affecting lymph nodes
should be performed.

Hodgkin Lymphoma

Hodgkin lymphoma, or Hodgkin disease, is a malig-
nant tumor of the lymph nodes, constituting approxi-
mately 30% of all malignant lymphomas. Males are
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A B

C

Figure 5-34 Histopathology of malignant lymphoma. A: In
diffuse large B-cell lymphoma observe pleomorphic round
cells with well-defined cytoplasmic outline and enlarged nu-
clei with one to three visible nucleoli (hematoxylin and eosin,
original magnification �400). B: With Giemsa staining, the
basophilic darkly staining cytoplasm of the tumor cells and
nuclear details are better delineated. Cleaved nuclei, nuclear
polymorphism, and prominent nucleoli distinguish this tumor
from Ewing sarcoma (Giemsa, original magnification �630).
C: The tumor cells react with the B-cell marker CD20 (biotin-
streptavidin peroxidase, original magnification �400).

A B
Figure 5-35 Histopathology of malignant lymphoma. A: Densely arranged pleomorphic cells of medium size with roundish
nuclei are present, some with a clear cytoplasm. The cells are larger and more pleomorphic than those in Ewing sarcoma
(Giemsa, original magnification �50). B: At high magnification the mixed cell population and the cleaved nuclei with promi-
nent nucleoli mark the difference from Ewing sarcoma (hematoxylin and eosin, original magnification �500). (From Bullough
PG. Atlas of orthopedic pathology, 2nd ed. New York: Gower, 1992:17.15.)
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more commonly affected than females and whites
more often than blacks (170). Most cases of Hodgkin
lymphoma occur in patients aged 20 to 60 years, with-
out an outstanding peak age (127). Secondary bone in-
volvement is detected radiologically in 5% to 21% of
patients (157,160,176). Primary Hodgkin lymphoma of
bone is extremely rare (164,173) and usually involves
the spine, humerus, and femur (97,195). Thus far,
seven cases of multifocal primary osseous Hodgkin lym-
phoma have been described (172).

Symptoms include pain, often with an onset before
the lesion becomes visible by radiography. Occasionally a
swelling over the affected bone can be noted (163). In
the majority of cases with secondary osseous involve-
ment, the spine and other bones with abundant red
bone marrow, such as ribs, pelvic bones, and femur, are
affected. The lesion is frequently sclerotic (e.g., ivory ver-
tebra) (Fig. 5-38) or mixed (lytic with sclerotic patches).
A purely lytic geographic pattern is uncommon.

It is difficult to make a specific diagnosis of Hodgkin
lymphoma of bone, largely because the histologic ap-
pearance may not be as classic as in cases involving
the lymph nodes (183). In the latter, according to the
current classification based on biological and clinical
data and proposed by the WHO, two entities can be
separated: nodular lymphocyte-predominant Hodgkin
lymphoma (comprising 5%) and classical Hodgkin lym-
phoma (comprising about 95%) with its four subtypes—
nodular sclerosis, mixed cellularity, lymphocyte-rich,
and lymphocyte-depleted (204). These subtypes differ
in their sites, clinical features, and morphologic appear-
ance but not in their immunophenotype. The prognos-
tic significance of this histologic classification has lost its
value with the advent of modern multimodal treatment
modalities. Today, the stage and the presence of sys-
temic symptoms are much more important (205). The
tumor cell (Hodgkin cell) is derived from a large mature
B cell with a large nucleus that possesses a conspicuous

A B
Figure 5-36 Histopathology of malignant lymphoma. A: With reticulin fiber staining, a fine black-appearing net surround-
ing individual cells is visible (Novotny, original magnification �50). B: At high magnification, abundant reticulin fibers form a
dense network surrounding individual cells, or small groups of cells (Gomori silver stain, original magnification �100).

A B
Figure 5-37 Histopathology of Burkitt lymphoma. A: Small round cells are arranged in clusters separated by delicate
reticulin fibers (PAS, original magnification �50). B: Large macrophages with clear cytoplasm containing cellular debris are in-
termingled with lymphoma cells, creating a “starry sky” appearance characteristic of this tumor (Giemsa, original magnifica-
tion �400).
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nucleolus. The histologic picture of Hodgkin lymphoma
in the bone usually corresponds to the mixed-cell pat-
tern, including lymphocytes, neutrophilic granulocytes,
histiocytes, and plasma cells, in addition to the tumor
cells (Fig. 5-39). Therefore, the differential diagnosis

usually includes chronic osteomyelitis. It is noteworthy
that patients who present with Hodgkin lymphoma in
bone almost always have involvement of the lymph
nodes, especially the retroperitoneal nodes.

Histologically, Hodgkin lymphoma is distinguished
from other lymphomas by the presence of mononu-
clear Hodgkin cells and multinuclear Reed-Sternberg
cells. The latter are distinctive large cells with sharply
delineated abundant cytoplasm and a mirror-image
double nucleus rich in chromatin, with a large, promi-
nent central eosinophilic nucleolus (161) (Fig. 5-40A,
B). These large nucleoli, almost the size of a small lym-
phocyte, give the cell a conspicuous and almost specific
“owl’s eyes” appearance. Although pathognomonic
Reed-Sternberg cells may be difficult to find, the im-
munochemical marker CD30 is useful for distinguish-
ing them (205) (Fig. 5-40C).

Differential Diagnosis

Radiology

The radiologic differential diagnosis must include other
primary bone tumors. If the patient is an infant or a
child (up to 10 years of age), metastatic neuroblastoma
should be considered. Between the ages of 5 and 25
years, particularly if the lesion is osteolytic or has a moth-
eaten or permeative pattern of bone destruction with
lamellated or onion-skin periosteal reaction, Ewing sar-
coma may be difficult to exclude (127). In more sclerotic
lesions, particularly if the “sunburst” pattern of pe-
riosteal reaction is present, osteosarcoma is a serious con-
sideration. If a sclerotic lesion extends into the articular
end of bone, Paget disease should be considered (Fig. 5-
41). In patients older than the age of 40 or 50 years,
metastatic carcinoma and plasmacytoma are differential pos-
sibilities. At any age, osteomyelitis should be a diagnostic
consideration. In all of these differential possibilities, be-
cause the radiographic appearance of the lesion may be

Figure 5-38 Hodgkin lymphoma. Anteroposterior radi-
ograph of the lower thoracic spine of a 35-year-old man
shows sclerotic T10 vertebra (“ivory vertebra”). (From Bul-
lough PG. Atlas of orthopedic pathology, 2nd ed. New York:
Gower, 1992:17.16.)

Figure 5-39 Histopathology of Hodgkin lymphoma.
Fibrous stroma with mixed cellular infiltrate of small
round cells and large histiocytes is characteristic for
this tumor (hematoxylin and eosin, original magnifica-
tion �400). (From Bullough PG. Atlas of orthopedic
pathology, 2nd ed. New York: Gower, 1992:17.16.)
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Figure 5-40 Histopathology of Hodgkin lymphoma. A: Pleo-
morphic round cells are seen together with scattered Reed-
Sternberg cells (hematoxylin and eosin, original magnification
�400). B: High-power photomicrograph demonstrates a binu-
cleate Reed-Sternberg cell with prominent eosinophilic nucleoli
(hematoxylin and eosin, original magnification �1,000). C: Im-
munocytochemically, both Hodgkin and Reed-Sternberg cells
are positive for CD30 (biotin-streptavidin peroxidase, original
magnification �400). (A and B from Bullough PG. Atlas of
orthopedic pathology, 2nd ed. New York: Gower; 1992:17.16.)

A B

C

Figure 5-41 Malignant lymphoma resembling Paget disease. Anteroposterior (A) and lateral (B) radiographs of the right
knee of a 47-year-old woman show a mixed sclerotic and osteolytic lesion extending into the articular end of the tibia, associ-
ated with a pathologic fracture, originally diagnosed as Paget disease. Biopsy revealed a histiocytic lymphoma.

A B
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very similar, clinical and laboratory information must be
taken into consideration.

Pathology

The main considerations are similarly appearing Ewing
sarcoma, metastatic neuroblastoma, and metastatic carcinoma.
Rarely, osteomyelitis with abundant lymphocytic cells is a
differential possibility. The use of antibodies against
CD45 and other lymphocytic antigens will almost invari-
ably reveal the lymphoid character of lymphoma tumor
cells (127,185).

Most lymphomas exhibit a variety of cytologic features
within the lesion, making the histologic appearance that
of a polymorphous growth. This is helpful in differentiat-
ing malignant lymphoma from Ewing sarcoma, which
exhibits a growth of isomorphic small cells. The cells in
lymphomas usually are less round than those in Ewing
sarcoma, and they tend to have larger regular or even
cleaved nuclei (see Fig. 5-35).

Another differential diagnostic consideration in a le-
sion suspected to be lymphoma of bone is a leukemic
infiltrate of bone. However, all patients with chronic
lymphocytic leukemia have peripheral blood abnor-
malities, and if the bones are affected the diagnosis
should not be difficult. The same is true of patients
with chronic myeloid (granulocytic) leukemia. Chronic
and acute myeloic leukemia may present as a primary
bone neoplasm, termed myeloic (granulocytic) sarcoma or
chloroma. The clinical and radiologic features of this
condition may be similar to those of lymphoma. Biopsy
specimens will exhibit sheets of large blast-like cells, al-
though it is very difficult to make a specific diagnosis of
granulocytic sarcoma from routine sections of bone.
When this diagnosis is suspected, it is necessary to do
immunohistochemical studies such as the reaction for
lysozyme and myeloperoxidase, which are considered
the most helpful study because the blast cells will be
positive. The acid chloracetate-esterase reaction is also
helpful. Granulocytic sarcoma, however, may be posi-
tive for CD99 similar to Ewing sarcoma and some non-
Hodgkin lymphomas.

The histologic differential diagnosis of malignant
lymphoma also includes benign conditions such as
chronic osteomyelitis and other types of small cell malignan-
cies such as metastatic carcinoma and Ewing sarcoma.
Chronic osteomyelitis is usually characterized by a mix-
ture of inflammatory cells and no evidence of cytologic
atypia. There is also a proliferation of capillaries in the
background, as well as fibrosis. It may be difficult to
distinguish a large cell lymphoma from metastatic
carcinoma or amelanotic melanoma. In these instances,
special reactions using CD45, S-100, and cytokeratin
antibodies may be helpful in making the distinction. Pos-
itivity of the undifferentiated cells for CD45 is strong evi-
dence for a malignant lymphoma, whereas positivity for
anti-keratin and S-100 protein suggests respectively an
epithelial origin of the tumor or melanoma.

Sometimes it is difficult to distinguish a lymphoma
from a true sarcoma of bone. Lymphomas of bone may
possess spindle cells that occasionally have a storiform
pattern, suggesting the diagnosis of malignant fibrous

histiocytoma. Malignant fibrous histiocytomas usually create
large areas of bone destruction. If the lesion appears to
be only permeative, i.e., it fills the marrow spaces and
leaves behind normal bony trabeculae, the diagnosis of
malignant lymphoma with spindling can be suspected.
The immunoperoxidase reaction may be helpful in this
instance because the spindle cells in malignant lym-
phoma react positively with CD45, whereas the spindle
cells of malignant fibrous histiocytoma are negative.
However, it should be noted that acidic decalcification of
bone biopsy specimens may interfere with IHC, because
certain antigenic determinants are denatured by brisk
acid decalcification.

Occasionally, the eosinophilic component and the
histiocytes may be such prominent features of Hodgkin
lymphoma as to suggest the diagnosis of LCH (38).
In this situation, the age of the patient is crucial: in
a middle-aged or elderly patient, the diagnosis of
Hodgkin lymphoma is much more likely and should be
strongly considered (182). Additionally, cells in LHC are
positive for CD1a and S-100 protein, and negative for
CD30, whereas Hodgkin lymphoma exhibits the reverse
pattern.

The radiologic and pathologic differential diagnosis
of malignant lymphoma is depicted in Figure 5-42.

Multiple Myeloma (Plasmacytoma)

Myeloma, a tumor originating in the bone marrow (also
known as multiple myeloma, plasma cell myeloma, or
plasmacytoma), is the most common primary malignant
tumor of bone and accounts for 27% of biopsied bone
tumors (208). Most of these tumors are diagnosed by
bone marrow biopsy. Myeloma is often associated with
the presence of abnormal proteins in the blood and
urine, and occasionally with the presence of amyloid in
the tumor tissue or other organs (138,249).

Myeloma is frequently preceded by a precursor le-
sion, so-called monoclonal gammopathy of unknown
significance (MGUS), that can be detected in about 1%
of all adults older than 50 years. Each year, about 1% of
MGUS cases will progress to myeloma. Myeloma cells
do not initially reveal a high proliferation rate. DNA
synthesis is observed in less than 1% of tumor cells
(148). Solitary myeloma (or plasmacytoma) is a clinical
variant (227) considered to represent an early stage of
multiple myeloma (256), with stages of transition exist-
ing between the localized and the disseminated types
(218,235,257).

During the course of the disease, myeloma cells ac-
quire an increasing number of structural and numerical
chromosomal aberrations that are believed to be con-
nected to pathogenesis (238). CGH studies revealed
gains of 1q, 3q, 9q, 11q, and 15q. Losses of chromosome
13 or at 13q14 are observed in about 60% of cases, lead-
ing to the hypothesis that a special tumor suppressor
gene, which appears to be different from the RB
(retinoblastoma) gene (248), might be involved in
myeloma pathogenesis. Deletions of TP53 at 17p13 are
reported in 25% of cases and are believed to be related
to poor outcomes (238).
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In MGUS and early-stage multiple myeloma, chromo-
somal translocations occur involving the VDJ genes
(Variable gene segment, Diversity gene segment, Joining
gene segment; these genes encode the variable region
of the immunoglobulin heavy chain, which is responsi-
ble for immunoglobulin diversity) and oncogenes, put-
ting the latter in close proximity to an immunoglobulin
transcriptional activator. This may lead to dysregulation
or overexpression of oncogenes. Additional transloca-
tions involving MYC and RAS have also been observed
(221).

Myeloma in bone is characterized by the presence
of local alterations in the bone marrow microenviron-
ment. Myeloma cells directly and indirectly increase
osteoclast formation and activation (via stimulation of
bone marrow stromal cells and bone marrow endothe-
lial cells) by producing or mediating the release of
potent osteoclast activators such as RANKL (receptor
activator of nuclear factor kappa B, which is also in-
volved in osteoclastogenesis). Furthermore, myeloma
cells decrease osteoblastic production of osteoprote-
gerin (OPG), which acts as a neutralizing soluble
receptor for RANKL, thereby inhibiting osteoclast ac-
tivity and consequent bone loss. In addition, myeloma
cells bind OPG via syndecan (CD 138, a transmem-
brane glycoprotein that acts as a receptor for type I
collagen, which is used as a marker for myeloma
cells in IHC), and internalize and degrade it. They
also interfere with the function and differentiation

of osteoblasts and induce apoptosis of osteoblasts
(229,241).

Clinical Presentation

Myeloma usually occurs in patients older than 40 years
and is most commonly seen between the fifth and sev-
enth decades, with a median patient age at diagnosis of
64 years. Occurrence in the younger age group is excep-
tional (222,224,242,243,252) and is usually represented
by cases of solitary myeloma (or plasmacytoma) (246).
The incidence is 6.6 per 100,000 for males and 5.9
per 100,000 for females in western Europe (234). Ac-
cording to the Surveillance, Epidemiology and End Re-
sults (SEER) program, the incidence rates in the United
States are 6.9 per 100,000 and 4.5 per 100,000, respec-
tively, for males and females. In African Americans, the
prevalence and incidence of MGUS and myeloma are
about twofold higher than in white subjects (228,268). A
clinical staging system based on the serum concentra-
tions of immunoglobulin, calcium, and paraprotein; ex-
cretion of urinary Bence-Jones protein; and the number
of skeletal lesions seen on radiography has been pro-
posed by Durie and Salmon (231). However, this system
has recently been re-evaluated, leading to a prognostic
index that is based on the serum levels of beta-2-
microglobulin and albumin (237,240). Myeloma arises
primarily in bones that contain red marrow and there-
fore the axial skeleton is most commonly affected. How-
ever, no bone is exempt from involvement (Fig. 5-43).

Figure 5-42 Radiologic and patho-
logic differential diagnosis of malig-
nant lymphoma of bone.
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Skeletal involvement distal to the elbow and knee occurs
in only 10% of cases (276). Pain, mild and transient,
worse during the day, and enhanced by weight bearing
and activity, may be the initial complaint and is present
in about 75% of patients (230). Therefore, multiple
myeloma may masquerade as sciatica or intercostal neu-
ralgia in the stages before the diagnosis is established.
Malaise, fatigue, weight loss, fever, and bone pain are
other commonly encountered symptoms. Low-back pain
or sciatic pain may sometimes be accompanied by neuro-
logic symptoms (213). Rarely, a pathologic fracture is the
first sign of disease. Other common clinical features
of multiple myeloma are related to a refractory, nor-
mocytic, normochromic anemia, resulting from bone
marrow replacement by myeloma cells, to hypercalcemia
resulting from widespread bone destruction, to renal
dysfunction caused by renal tubule obstruction and
damage by abnormal circulating proteins, and to de-
creased resistance to infection resulting from a defi-
ciency of normal antibody production. Because the
malignant cells represent a monoclonal proliferation
of plasma cells, the tumor produces the specific im-
munoglobulin type associated with that particular neo-
plastic plasma cell. Characteristically, the ratio of serum
albumin to globulins is reversed because of the high con-
centration of monoclonal immunoglobulin produced
by the myeloma cells [most often IgG (65%), or IgA
(20%), less frequently IgD (2%), and rarely IgM or IgE].
Because the monoclonal immunoglobulin is of the
same molecular weight and charge, during serum elec-
trophoresis it moves to a single spot, and a concentrated
narrow band, the so-called M component, appears as a
peak when densitometry is performed on the elec-
trophoretic strip. Immunoelectrophoresis of the serum
predominantly shows a monoclonal heavy chain (83%)
and a monoclonal light chain (8%) (250). Although the
total immunoglobulin level is elevated because of the
monoclonal protein, the normal serum immunoglobu-
lin concentrations are markedly depressed, resulting in
impaired humoral immunity. If light chains are pro-
duced in excess, these pass into the renal tubules and
are dimerized to form Bence-Jones protein in the urine
(220). MGUS is characterized by an M-protein level in
serum below 30 g/L, less than 10% clonal plasma cells in
the bone marrow, no evidence of other B-cell disorders,
and no organ impairment, especially no detectable bone
lesions (245).

Although myeloma, being a neoplasm of mature B
cells, is primarily originating in bone, many other or-
gans (including lymph nodes) may be affected (244).

Complications encountered with myeloma include
pathologic fractures (of long bones, ribs, sternum,
and vertebrae), amyloidosis (in about 15% of patients),
increased incidence of infection, anemia, and a hyper-
viscosity syndrome. Most patients with solitary myeloma
develop the systemic form of myeloma within 5 to 20
years (90).

Imaging

On radiography, multiple myeloma may present in a
variety of patterns (Fig. 5-44). Most commonly it pre-

Figure 5-43 Myeloma: skeletal sites of predilection, peak
age range, and male-to-female ratio.
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sents either as a lesion with a geographic type of bone
destruction or as multiple small foci of bone destruc-
tion (Fig. 5-45). In the skull, characteristic roundish,
punched-out areas of bone destruction, usually uni-
form in size, are observed (Fig. 5-46).

In the spine, multiple myeloma may present simply
as osteoporosis, with no definitely identifiable lesions.
A more common presentation, however, is the pres-
ence of multiple lytic lesions scattered throughout the
vertebral column. Multiple compression fractures of
the vertebral bodies may be seen in both forms.

In the ribs, lace-like areas of bone destruction and
small osteolytic (punched-out) lesions accompanied
by soft tissue masses are occasionally observed (260).
In the flat and long bones, areas of medullary bone
destruction are noted and, if these abut the cortex,
endosteal scalloping of the inner cortical margin (so-

called rat bites) is seen (see Fig. 5-45B). Characteristi-
cally, there is no evidence of sclerosis and no pe-
riosteal reaction. Osteosclerotic lesions, even when
mixed with lytic lesions, are rare in myeloma, and less
than 1% of myelomas exhibit pure sclerotic lesions
(sclerosing myelomatosis) (226,275).

Although scintigraphy in multiple myeloma is usually
normal (217), increased uptake is occasionally demon-
strated, presumably secondary to hyperemia, to in-
creased turnover in adjacent bone, and perhaps even to
some osteoblastic activity (261). On some occasions, ar-
eas of decreased uptake (cold foci) are detected, pre-
sumably caused by a replacement of normal bone by
myeloma tissue, which does not take up the tracer (277).

CT is better than radiography for revealing the in-
traosseous extent of the tumor, cortical destruction, and
extraosseous involvement (Fig. 5-47). Some vertebral

Figure 5-44 Myeloma: variants in the radio-
graphic presentation.
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lesions that are not visible on radiographs can also be
demonstrated (254,271).

MRI is more sensitive than radiography and CT for
detection of skeletal abnormalities in multiple myeloma
(219,236,259,273) (Fig. 5-48). In particular, MRI is effec-
tive in demonstrating spinal lesions (253,272,274). The
MRI changes may be either diffuse or focal. On T1-
weighted images the lesions are visible as hypointense
areas (usually of intermediate signal intensity), as
contrasted with surrounding bone (Fig. 5-48B). On T2-
weighted and STIR images, the lesions display homoge-
neously high signal intensity (214) (Fig. 5-48C). The
lesions show enhancement on turbo-fast low-angle
shot (FLASH) images (263). On contrast-enhanced T1-
weighted SE images, persistence of paramagnetic con-
trast agent is seen (263) (Fig. 5-48D). Because the fatty
tissue replacement that occurs within the vertebrae in
older patients can mask the lesions, fat-suppressed MR
images are of value for detecting myeloma (233,267).

Recently, Major et al. (255) reported an interesting
MRI appearance of plasmacytoma affecting the vertebral
body. In all 10 patients they examined, an expansive
lesion exhibited low signal intensity on T1-weighted
images, whereas on axial T2-weighted sections high
signal was present involving the entire vertebral body.
Within these bright areas were curvilinear structures
with low signal intensity, resembling sulci of the brain.

A B
Figure 5-45 Multiple myeloma. A: Lateral radiograph of the distal femur of a 65-year-old woman shows multiple osteolytic
lesions. B: Anteroposterior radiograph of the left elbow in the same patient shows multiple osteolytic lesions and endosteal
scalloping of the cortex typical of diffuse myelomatosis.

Figure 5-46 Multiple myeloma. Involvement of the skull is
a prominent feature of multiple myeloma of this 60-year-old
woman. Note characteristic “punched-out,” lytic lesions,
most of which are uniform in size and lack sclerotic borders.
Occasionally, this pattern may be seen in metastatic disease.
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Figure 5-47 Multiple myeloma: three-dimensional (3-D)
computed tomography (CT). A: Anteroposterior radiograph
of the right hip of a 56-year-old woman shows osteolytic
poorly marginated lesion in the intertrochanteric region of
the femur. B: 3-D CT shows intramedullary extent of the tu-
mor and endosteal scalloping of the cortex.

Figure 5-48 Multiple myeloma: magnetic resonance imaging (MRI). A: Anteroposterior radiograph of the right proximal
femur of a 53-year-old man shows osteolytic lesion in the subtrochanteric region. B: Coronal T1-weighted MRI shows the tu-
mor to be of intermediate signal, isointense with the skeletal muscles.

A B
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C D
Figure 5-48 Continued C: Coronal T2-weighted MRI shows the tumor to be of homogeneous high signal intensity. D: After
intravenous administration of gadolinium there is a slight enhancement of myeloma.

The authors termed this phenomenon the “mini brain”
appearance, suggesting that it may be a pathognomonic
feature of plasmacytoma in this location.

It should be emphasized that the variable appearance
of multiple myeloma on MRI is caused by a combination
of factors. Although myeloma may involve the marrow
diffusely, the involvement is not necessarily homoge-
neous. The appearance of the bone marrow depends
both on the extent of the disease and on the degree of
fatty replacement, which varies considerably, and is
greater in the older age group (253).

At present, whole body 18F-labeled 2-fluoro-2-de-
oxyglucose (18F-FDG) positron emission tomography
(PET) is included in the workup of myeloma and MGUS
because bone marrow alterations can be detected by this
method before they are visible on MRI (232).

An interesting variant of sclerosing myeloma is the
so-called POEMS syndrome, first described in 1968
(270) but gaining wide acceptance only more recently
(225,239,247,265,269). It consists of polyneuropathy
(P); organomegaly (O), particularly of the liver and the
spleen; endocrine disturbances (E), including amenor-
rhea, gynecomastia, impotence, diabetes mellitus, and

hypothyroidism; monoclonal gammopathy (M), usually
due to lambda light chains; and skin changes (S), such
as hyperpigmentation and hirsutism. Additional associ-
ated abnormalities include papilledema, peripheral
edema, ascites, and clubbing of the fingers (212). The
exact pathogenesis of POEMS syndrome remains unset-
tled. It is still debatable whether the sclerotic changes
are related to plasma cells that fail to secrete osteoclast-
activating factor or perhaps are related to the secretion
of an osteoblast-stimulating factor (216). Relatively few
plasma cells are present in the marrow of patients with
POEMS syndrome, and some investigators consider this
entity a plasma cell dyscrasia rather than a true neo-
plasm (265). These patients do not have an increased
incidence of amyloidosis and rarely have Bence-Jones
proteinuria (225).

Certain radiologic findings concerning the lesions in
POEMS syndrome have been emphasized by Resnick et
al. (265,266). These include irregular, spiculated, os-
seous proliferation involving multiple tendinous and lig-
amentous attachments (enthesopathy), especially of the
posterior elements of the thoracic and lumbar spine,
and lucent areas of bone destruction with a surrounding
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rim of sclerosis. Some authors describe sclerotic foci
within the vertebral body ranging from very dense bone,
resembling ivory vertebrae, to fine sclerotic lesions with
irregular peripheral spiculations. Some of these sclerotic
foci may even resemble bone islands. Positive bone scans
in patients with POEMS syndrome appear to be excep-
tional. When positive, the accumulation of the radionu-
clide in the osseous foci is probably due to a sclerotic
bone reaction and to the cortical expansion combined
with a periosteal reaction that occurs in some cases
(223,239).

Probably the rarest presentation of multiple myeloma
is that of an extraskeletal lesion in form of a soft tissue
mass (258).

Histopathology

The gross appearance of myeloma is that of either
a fleshy white lesion, very similar to the appearance
of lymphoma, or a grayish-pink fleshy mass. How-
ever, the gross appearance alone is not diagnostic of
myeloma.

The histologic appearance of myeloma is character-
istic. The diagnosis is based on the presence of ex-
tended sheets of a population of atypical plasmacytoid
cells that fill the trabecular bone marrow spaces and
replace the normal fatty and hematopoietic marrow.
The cytologic findings may vary. A high degree of
differentiation is characterized by almost normal-
appearing plasma cells (Fig. 5-49A). Their round nuclei

A B

C D
Figure 5-49 Histopathology of multiple myeloma. A: In a higher degree of differentiation (grade 2), tumor cells exhibit
plasma cell–like features with eccentric nuclei and enlarged eosinophilic cytoplasm with juxtanuclear halo. Few cells exhibit a
“spoke-wheel” chromatin pattern; most tumor cells contain clearer and larger, slightly pleomorphic nuclei with eosinophilic nu-
cleoli (hematoxylin and eosin, original magnification �400). B: At high power basophilic cytoplasm and perinuclear halos are
best demonstrated in Giemsa-stained preparations. Observe nuclear pleomorphism, peripherally condensed chromatin, and
prominent nucleoli (Giemsa, original magnification �630). C: By immunohistochemistry (IHC), tumor cells show a monoclonal
expression of lambda light chains (biotin-streptavidin peroxidase, original magnification �400). D: The collagen type I binding
protein syndecan-1 (CD138) is typically present on myeloma cells (biotin-streptavidin peroxidase, original magnification �400).
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possess a dense, coarse chromatin that has a typical 
cartwheel-like distribution. The prominent nucleolus is
excentrically located in a strongly basophilic cytoplasm
(Fig. 5-49B) that corresponds to the densely arranged
rough endoplasmic reticulum as revealed by electron
microscopy and displays a perinuclear lighter halo that
represents the well-developed Golgi apparatus. In addi-
tion, a wide variety of cytoplasmic inclusion bodies of
crystallite form may be found in the cells. Increasing
dedifferentiation is accompanied by an increasing pleo-
morphism of the cells and the nuclei, with loss of the
regimented arrangement of the cell organelles. Fur-
thermore, there are increasing numbers of bi- and tri-
nucleated cells (Fig. 5-50). Dedifferentiation is usually
classified into three grades that are correlated with de-
creasing survival time for the patient (138,244). It may
be difficult to differentiate a grade 3 myeloma from a
lymphoma or from an undifferentiated carcinoma.
Myeloma cells may occasionally be arranged in groups
or nests surrounded by thin fibrovascular septa, imitat-
ing a neuroendocrine tumor. Moreover, pseudovascu-
lar spaces and stromal proliferations of blood vessels
may be present, also resembling a vascular tumor.
Myelomas consisting of signet-ring cells, clear cells, on-
cocytic cells, or spindle cells have been described but
are exceedingly rare (215).

Although conventional myeloma is not associated
with osteosclerosis, rare cases of myeloma are associ-
ated with this feature, known as sclerosing myeloma.
These patients classically present with peripheral neu-
ropathy. They also may have organomegaly, endocrine
disturbances, monoclonal gammopathy, and skin le-
sions (POEMS syndrome; see previous discussion).
They tend to be younger than patients with classical
myeloma, and the disease progression is more indo-
lent. The myeloma associated with peripheral neu-
ropathy may be either localized or a part of multiple

myeloma. The peripheral neuropathy may be arrested
and may even improve with treatment of the underly-
ing myeloma. Of all myelomas, 10% to 15% will ex-
hibit the presence of amyloid within the tumor, in the
form of eosinophilic hyaline masses or amyloid depo-
sition within vascular walls. The amyloid may invoke
a foreign body type of giant cell reaction. The pres-
ence of abundant amyloid may also obscure the
underlying neoplasm (262). When amyloid is found
in a bone biopsy specimen the pathologist should sus-
pect a diagnosis of myeloma unless the patient has
been receiving chronic hemodialysis because such pa-
tients may also deposit so-called amyloid pseudotu-
mors in the skeleton.

IHC almost always reveals a monotypic cytoplasmic
expression of kappa or lambda light chains. CD138
and/or syndecan 1 is also positive (see Fig. 5-49C,D).
CD45 and CD20 are usually negative, discriminating
plasmacytoma from plasmacytic lymphoma (238).

Differential Diagnosis

Radiology

When many osteolytic lesions in several bones are
observed, the only alternative diagnosis is metastatic
disease. This is particularly true if the patient is older
than 40 or 50 years. In younger patients, brown tumors
of hyperparathyroidism (Fig. 5-51) and Gaucher disease
(Fig. 5-52) should be considered. Severe osteoporosis
may sometimes mimic the diffuse type of multiple
myeloma. A valuable differential clue is the lack of en-
dosteal scalloping in this condition, unlike multiple
myeloma, in which scalloping is invariably present (see
Fig. 5-45B). When the spine is involved, which occurs
rather commonly, multiple myeloma must be differen-
tiated from metastatic carcinoma. In this respect, the ver-
tebral-pedicle sign identified by Murray and Jacobson
(260) may be helpful. These investigators contended
that in the early stages of myeloma the pedicle, which
does not contain as much red marrow as the vertebral
body, is not initially involved, whereas in metastatic
carcinoma the pedicle is affected to the same extent
as the vertebral body, even in the early stages (Fig 
5-53). In the late stages of multiple myeloma, how-
ever, the pedicle and the vertebral body are both
affected. A more reliable distinction between these two
processes is achieved with radionuclide bone scan-
ning. Although the bone scan is invariably abnormal in
cases of metastatic carcinoma, myeloma seldom pro-
duces an increased uptake of the radiopharmaceutical
agent.

A solitary myeloma may create even more diagnos-
tic problems. Because it is a purely radiolucent lesion,
it may mimic other purely destructive processes such
as giant cell tumor, brown tumor of hyperparathyroidism,
fibrosarcoma, malignant fibrous histiocytoma, and a solitary
metastatic focus from a carcinoma of the kidney, lung,
thyroid, or the gastrointestinal tract. Moreover, only
a small percentage of solitary myelomas are associ-
ated with production of detectable monoclonal im-
munoglobulins.

Figure 5-50 Histopathology of multiple myeloma. In grade
3 tumor, between the normal-appearing plasma cells (fewer
than the number illustrated in Fig. 5-49A) are pleomorphic
cells with clearer nuclei. Numerous giant cells with two and
more nuclei are also present (Giemsa, original magnification
�100).
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Figure 5-51 Hyperparathyroidism. Anteroposterior radi-
ograph of the lower legs of a 36-year-old woman with
primary hyperparathyroidism shows multiple lytic lesions
(“brown tumors”) in both tibiae, resembling multiple
myeloma.

Figure 5-52 Gaucher disease. Destructive changes seen
here in the right humerus of a 52-year-old woman with the
adult form of the disease may assume a honeycomb appear-
ance simulating multiple myeloma.

Sclerosing myeloma with diffuse bone abnormalities
should be differentiated from sclerotic metastasis, mastocy-
tosis, myelofibrosis, and renal osteodystrophy. Focal sclerotic
changes observed in myeloma should be differentiated
from tuberous sclerosis and some sclerosing dysplasias (e.g.,
van Buchem disease; osteopoikilosis). Some myelomas
with calcified amyloid depositions may be mistaken for
chondrosarcoma (264). It must be pointed out that amy-
loidosis occurs in approximately 10% to 15% of cases of
myeloma (251) and that calcifications are associated
with both primary and secondary amyloidosis (262).

Pathology

The important differential diagnosis of myeloma in-
cludes a tumor and reactive forms of plasma cell pro-
liferation, such as plasmacytoid lymphoma, monoclonal
gammopathy of unknown significance (but only up to
10% monoclonal plasmocytes in the bone marrow),
plasma cell–rich osteomyelitis, and rheumatoid arthritis (up

to 10% polyclonal plasmocytes in bone marrow). The
immunohistochemical demonstration of the mono-
clonal immunoglobulin produced by the myeloma cells
allows a clear-cut distinction between the tumor and
the reactive form. The same is true for the differentia-
tion of chronic plasma cell–rich osteomyelitis. In addi-
tion, the presence of other types of inflammatory cells
and the formation of granulation tissue with proliferat-
ing capillaries in the latter condition provide aids to di-
agnosis. As mentioned previously, distinguishing cases
of undifferentiated myeloma or undifferentiated
metastatic carcinoma from a lymphoma may be diffi-
cult, but the demonstration of the specific im-
munoglobulin in the former and of keratin markers in
the latter will aid in making the diagnosis.

The radiologic and pathologic differential diagnosis
of solitary plasmacytoma is depicted in Figure 5-54, and
the differential diagnosis of multiple myeloma is shown
in Figure 5-55.
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Figure 5-53 Multiple myeloma versus metas-
tases. Anteroposterior (A) and lateral (B) radi-
ographs of the spine of a 70-year-old man with
multiple myeloma involving both the spine and
appendicular skeleton show a compression frac-
ture of the body of T8 vertebra (arrows); several
other vertebrae show only osteoporosis. The
pedicles are preserved in contrast to metastatic
disease of the spine (which usually also affects
the pedicles), as seen on this anteroposterior
radiograph of the cervical spine (C) in a 65-
year-old man with colon carcinoma and multi-
ple lytic metastases. Note the involvement of
the right pedicle of C7 vertebra (arrows).

A B

C
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Figure 5-54 Radiologic and pathologic
differential diagnosis of solitary plas-
macytoma.

Figure 5-55 Radiologic and patho-
logic differential diagnosis of multiple
myeloma.
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Vascular lesions of bone constitute a spectrum of patho-
logic entities. These range from congenital vascular mal-
formations, i.e., errors of morphogenesis with nonprolif-
erative capacity, which grow in parallel with the patient,
such as angiomatosis, to benign neoplasms that may be
present at birth, and highly malignant tumors that
metastasize widely and have low survival rates (e.g.,
angiosarcoma) (28,101).

Recently, immunohistochemistry (IHC) studies have
been conducted in attempts to discriminate between
malformations and true tumors, the former being neg-
ative for WT1 [a transcription factor initially isolated
from a hereditary Wilms tumor encoded by the so-
called Wilms tumor 1 (WT1) gene (62)] and GLUT1
[an erythrocyte-type glucose transporter protein not

present in normal vasculature and vascular malforma-
tions but found at sites of blood–tissue barriers and in
vascular tumors (63,80)]. In addition, lymphatic lesions
have been successfully identified by another mono-
clonal antibody, D2-40, that reacts with a formalin-
resistant epitope on lymphatic endothelium (36,56).
Boye et al. (12) were able to demonstrate clonality of
cells isolated from proliferating (cellular) heman-
giomas as well as alterations of their in vitro behavior,
leading to the hypothesis that somatic mutations may
be involved in their pathogenesis. Clonality of juvenile
hemangiomas was also proved by Walter et al. (105) in
12 of 14 investigated cases. These authors also found
somatic mutations in genes coding for the receptors
(VEGFR2 and VEGFR3) of the vascular endothelial
growth factors (VEGFs), which play an important role
in angiogenesis and vascular formation (19).

Benign vascular tumors are of either endothelial or
pericytic origin. The first group includes hemangiomas
(2). Cystic angiomatosis, lymphangiomas, and lymphan-
giomatosis, although malformations, are also included
here for reasons of differential diagnosis. The second
group includes glomus tumor and its variants, gloman-
gioma and glomangiomyoma. The malignant and
locally aggressive varieties are quite uncommon and are
mostly of endothelial (hemangioendothelioma  and
angiosarcoma) origin. The existence of hemangioperi-
cytoma as a distinct tumor entity is currently a matter of
debate (137).

CHAPTER

s 6
Vascular Lesions
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Benign Lesions

Intraosseous Hemangioma

Hemangioma is a benign lesion composed of newly
formed blood vessels, often discovered incidentally on
radiographs performed for other reasons. It composes
approximately 2% of all benign and 0.8% of benign and
malignant lesions of the skeletal system (77). On the ba-
sis of their site of origin, hemangiomas in general are
classified as intraosseous, intracortical, periosteal, in-
traarticular (synovial), intramuscular, subcutaneous, or
cutaneous. Depending on size of the vessels predominat-
ing within the lesion, hemangioma is subclassified into
capillary or cavernous types (25). Capillary heman-
giomas are composed of small vessels that consist merely
of a flat endothelium, surrounded only by a basal mem-
brane. In bone they most commonly occur in the verte-
bral body (86). Cavernous hemangiomas are composed
of dilated, blood-filled spaces lined by the same flat en-
dothelium with a basal membrane. Osseous cavernous
hemangiomas most commonly involve the calvaria (29).

The biological classification of vascular anomalies
has recently gained renewed attention (72). Based on a
system introduced by Mulliken and Glowacki (78), and
redefined by Enjorlas and Mulliken in 1997 (28), this
classification takes into consideration cellular turnover
and histology, as well as natural history and physical
findings. It clearly separates hemangiomas of infancy,
with their early proliferative and later involutional
stages, from vascular malformations, which are charac-
terized as arterial, venous, capillary, lymphatic, or com-
bined (24,72,78). The terms “venous hemangioma” (a
lesion composed of thick-walled vessels that possess a
muscle layer and frequently contains phleboliths) and
“arteriovenous hemangioma” (characterized by abnor-
mal communications between arteries and veins) are
no longer in use. These lesions occur exceedingly
rarely in bone, involve almost exclusively the soft tissues
and at present time are considered as vascular malfor-
mations (28).

Clinical Presentation

The incidence of intraosseous hemangiomas increases
with age, and most patients present after their fourth
decade. The majority of patients are asymptomatic and
women are affected twice as often as men. The most
common sites are vertebral bodies (particularly in the
thoracic segment) and the skull. Hemangiomas of the
long bones (e.g., femur, humerus) and short tubular
bones are less often encountered (26,57,71) (Fig. 6-1).
Calvarial hemangiomas most commonly affect the
frontal and parietal regions, and account for 20% of all
intraosseous hemangiomas (74). These lesions arise in
the diploic space and cause expansion that often in-
volves the outer table to a great extent (79). Vertebral
hemangiomas are very common and are observed in
11% of autopsied cases (50). They account for 28% of
all skeletal hemangiomas (74). In this location the le-
sion typically involves the vertebral body, although it
may extend into the lamina and, rarely, into the spin-
ous process. Multiple vertebrae are sometimes affected.

common sites

less common sites

Hemangioma

age: 40-60
F:M = 2:1

Figure 6-1 Hemangioma: skeletal sites of predilection,
peak age range, and male-to-female ratio.
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Figure 6-2 Intraosseous hemangioma. Dorsovolar radi-
ograph of the right hand of an 11-year-old girl with he-
mangioma involving the middle finger shows the lace-like
pattern and honeycombing characteristic of this lesion.

The majority of vertebral hemangiomas are asympto-
matic and are discovered incidentally. The pathologic
fractures are rare (35). Symptoms occur when the af-
fected vertebra expands in the direction of the spinal
cord and causes compression (34,70,86). This neuro-
logic complication is most commonly associated with
lesions in the midthoracic spine (43,59,75). Another
mechanism considered responsible for compression of
the cord, although less frequently, is a fracture of the
involved vertebral body and the formation of a soft tis-
sue mass or hematoma (5,9).

Imaging

On radiography, an osseous hemangioma in a long or
short tubular bone is characterized by coarse striations
or by multifocal lytic areas (60,93) (Fig. 6-2). Periosteal
and cortical hemangiomas occur most commonly in
the anterior tibial diaphysis. These lesions present as
lytic, cortical erosions, occasionally accompanied by a
periosteal reaction. In the vertebral body, hemangioma
is characterized either by vertical striations or by multi-
loculated lytic foci (108). These appearances are
referred to as a corduroy cloth pattern (Fig. 6-3A) or
honeycomb pattern (Fig. 6-3B), respectively, and are
considered virtually pathognomonic for this lesion
(60). A calvarial hemangioma commonly appears as a
lytic lesion that exhibits a radiating configuration of

Figure 6-3 Vertebral hemangioma. A: Anteroposterior to-
mography demonstrates vertical striations of hemangioma
of L1 vertebra (arrows), referred to as a “corduroy cloth”
pattern. B: Lateral radiograph of the lumbar spine demon-
strates a “honeycomb” pattern of hemangioma of L2 verte-
bra (arrowhead).

A

B
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thickened trabeculae, frequently arranged in a spoke-
wheel or web-like pattern (79).

On computed tomography (CT) scan, vertebral
hemangioma characteristically exhibits a pattern of
multiple dots (often referred to as the “polka-dot”
appearance), representing a cross-section of reinforced
trabeculae (Fig. 6-4).

On magnetic resonance imaging (MRI), T1- and T2-
weighted images usually reveal areas of a high-intensity
signal that correspond to the vascular components,
adipocytes, and interstitial edema (7,48,89,102) (Fig. 
6-5). Areas of trabecular thickening exhibit a low signal
intensity regardless of the pulse sequence used (79).
Both CT and MRI obtained after intravenous adminis-
tration of contrast material demonstrate a lesion en-
hancement (16,79,97,110).

On scintigraphy, the appearance of osseous heman-
giomas ranges from photopenia (37,68) to a moderate
increase in the uptake of radiopharmaceutical tracer
(54,76,83). A recent study of single photon emission
computed tomography (SPECT) imaging of vertebral
hemangiomas and their correlation with MRI showed
that in most cases hemangiomas exhibited normal
uptake on planar images. SPECT images were also nor-
mal, particularly if the lesions were less than 3 cm in di-
ameter. This study also showed a disparity between
SPECT images and MRI: there was no correlation be-
tween MRI signal intensity changes and patterns of
uptake on bone imaging (47). Arteriography of the
hemangioma is rarely indicated (64).

Histopathology

On histologic examination, most hemangiomas consist
of simple channels formed by an endothelium-lined
basal membrane, morphologically identical with nor-
mal capillaries (Fig. 6-6). The lining endothelial cells
are small, flat, uniform, and inconspicuous (50). Mi-
totic figures are rarely seen (21). Some or all of the
vascular channels may be enlarged and may have a
sinusoidal appearance, in which case the lesion is

Figure 6-4 Vertebral hemangioma: computed tomogra-
phy (CT). CT section of a T10 vertebra demonstrates coarse
dots that indicate reinforced vertical trabeculae of the can-
cellous bone, characteristic of hemangioma.

A B
Figure 6-5 Vertebral hemangioma: magnetic resonance imaging (MRI). Sagittal T1-weighted (SE, TR 517, TE 12) (A) and
T2-weighted (SE, TR 2000, TE 80) (B) MR images show high signal intensity of hemangioma of L4 vertebra.
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referred to as cavernous type (Fig. 6-7), which inciden-
tally is the most common, particularly in the calvaria
(31). These lesions are composed of multiple large,
thin-walled, dilated, blood-filled vascular spaces lined
by endothelial cells (50). Endothelial cells of heman-
giomas are consistently positive for CD31, CD34, and
factor VIII–related antigen. It has recently been shown
that the Fli-1 protein, a transcription factor involved
not only in cell proliferation and tumorigenesis, e.g.,
in Ewing sarcoma/primitive neuroectodermal tumor
(PNET) and lymphoma but also in formation of en-
dothelial cells, including lymphatic endothelium, is
expressed in the nucleus of normal endothelia and in
endothelium-derived benign and malignant tumors
(32,33). The hemangiomatous tissue often spreads
between the preexisting bone trabeculae without dis-
torting the original bone pattern (77).

The designation epithelioid hemangioma is used for
vascular lesions that, unlike epithelioid hemangioen-
dothelioma, are often arranged in a lobular fashion
(66,98,99,107). According to O’Connell et al. (81,162),
more than 50% of neoplastic vessels should be lined by
epithelioid endothelial cells to establish the diagnosis.
Well-formed vessels with open lumina contain enlarged
eosinophilic endothelial cells, sometimes protruding
into the lumen, with vesicular nuclei and occasionally
with prominent nucleoli. However, overt nuclear atypia
is absent. Typical mitoses can be detected, and cytoplas-
mic vacuoles may be seen. The stroma often contains
an inflammatory infiltrate consisting of lymphocytes,
eosinophils, and extravasated erythrocytes, but myxoid
change or hyalinization is not present. However, the ex-
istence of an epithelioid hemangioma in bone similar
to its soft tissue counterpart [which is also designated as
angiolymphoid hyperplasia with eosinophilia or histio-
cytic hemangioma and which is regarded by some au-
thors as being reactive (106)] has been questioned by
others (25,30).

Differential Diagnosis

Radiology

Solitary hemangioma in a small tubular bone, such as a
metacarpal or metatarsal, may exhibit an expansive ap-
pearance, thus mimicking an aneurysmal bone cyst (20).
In a long tubular bone, particularly when the lesion is
predominantly radiolucent, a focus of fibrous dysplasia
may be the consideration.

In a vertebra, the differential possibilities include
Paget disease, myeloma (plasmacytoma), and metastasis, and
in a younger patient hemangioma may mimic a Langer-
hans cell histiocytosis. In patients with a significant degree
of osteopenia, the vertebrae sometimes exhibit vertical
linear streaks, similar to the appearance of vertebral he-
mangioma (Fig. 6-8). In Paget disease, the vertebral
body, unlike in hemangioma, is frequently enlarged,

Figure 6-6 Histopathology of capillary intraosseous he-
mangioma. Blood vessels of capillary character and partly of
cavernous type lie between small bone trabeculae and border
normal cancellous bone of the vertebrae containing hemato-
poietic marrow (below) (hematoxylin and eosin, original mag-
nification �25).

A B
Figure 6-7 Histopathology of cavernous intraosseous hemangioma. A: Cortical bone (top) and cancellous bone (bottom)
stained red enclosing large, mostly empty vascular spaces (van Gieson, original magnification �6). B: At higher magnification
large vascular spaces filled with blood cells lie in the marrow spaces of cancellous bone. Surfaces of the trabeculae are lined
with osteoblasts (hematoxylin and eosin, original magnification �25).
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Figure 6-8 Osteopenia. Fine vertical striations in the verte-
bral bodies secondary to osteopenia mimic hemangioma.

Figure 6-9 Paget disease. Vertebral body of L2 is enlarged,
and the vertebral endplates are thickened, creating a
“picture frame” appearance.

particularly dorsally, and the vertebral endplates are ei-
ther indistinct or markedly sclerotic (“picture frame”
appearance) (Fig. 6-9). If vertical striations are present,
they are not so neatly arranged as in hemangioma (77).
Myeloma and metastasis may exhibit lytic changes of the
vertebral body, but there is no evidence of vertical stria-
tion. Conversely, hemangioma may present as a purely
lytic lesion (Fig. 6-10). Langerhans cell histiocytosis usually
presents as a collapsed vertebra (vertebra plana) (see
Fig. 5-4), whereas hemangiomas of the vertebra exhibit
pathologic fractures only in exceptional cases.

Pathology

On microscopic examination, intraosseous heman-
gioma cannot be distinguished from skeletal angiomatosis
(58). Differentiation is therefore based on the extensive
nature of the latter. Moreover, the presence of GLUT1
and/or WT1 immunoreactivity militates against a vascu-
lar malformation. The differential diagnosis from epithe-
lioid hemangioma, epithelioid hemangioendothelioma, and
angiosarcoma should not be too difficult because flat,
normal-appearing endothelial cells usually line the vas-
cular spaces of hemangioma (162).

Epithelioid hemangioma must be differentiated
from epithelioid hemangioendothelioma because of the

different treatment modalities required (curettage or
local excision vs. wide resection, eventually followed by
chemotherapy). Epithelioid hemangioma consists of
well-formed vessels, grows in a lobulated fashion, and
contains inflammatory cells, including eosinophilic
granulocytes and a nonhyalinized stroma. Epithelioid
hemangioendothelioma presents with a peculiar myx-
oid- to chondroid-appearing stroma and an infiltrative
growth pattern of moderate atypical cells growing in
strands or nests rather than forming vascular channels.

The radiologic and pathologic differential diagnosis
of intraosseous hemangioma is depicted in Figure 6-11.

Synovial Hemangioma

Synovial hemangioma is a rare benign lesion of the syn-
ovium that most commonly affects the knee articula-
tion. This entity is discussed in Chapter 9.

Cystic Angiomatosis

Angiomatosis is defined as a diffuse involvement of
bones by hemangiomatous lesions (14,29,40,41,46,
61,73,82), although some investigators also include cases
of lymphangiomatosis (29,31,86). According to Enjolras
and Mulliken (28), this lesion is a vascular malforma-
tion that, owing to its basic structural components, can
be subclassified as either capillary, lymphatic, venous,
arterial (rarely), or combined. In addition, further sepa-
ration into slow-flow or fast-flow types appears to be clini-
cally useful (44). The radiographic presentation of
angiomatosis is that of lytic lesions, often with a honey-
comb or lattice work (“hole-within-hole”) appearance
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Figure 6-10 Vertebral hemangioma. Lateral tomography
shows a purely lytic hemangioma of the posterior part of
vertebral body T6 (arrows). This presentation may be mis-
taken for metastasis or myeloma.

Figure 6-11 Radiologic and pathologic differential diagnosis of intraosseous hemangioma. 369
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(13). When bone is extensively involved, the term cystic
angiomatosis is applied (65,85). Some other terms used
for this condition include diffuse skeletal heman-
giomatosis (75,104), cystic lymphangiectasia (49), and
hamartous hemolymphangiomatosis (91). This is a rare
bone disorder characterized by diffuse cystic lesions of
bone, frequently (60% to 70% of cases) associated with
visceral involvement (52). Schajowicz (90) postulated
that diffuse hemangiomatosis should be distinguished
from cystic angiomatosis because of their different radio-
logic and macroscopic aspects. On histologic examina-
tion, cystic angiomatosis is characterized by cavernous
angiomatous spaces, indistinguishable from benign he-
mangioma of bone.

Another condition that must be distinguished is so-
called Gorham disease of bone (18,39), also known by
the names massive osteolysis (100), disappearing bone
disease, and phantom bone disease (18,38). This condi-
tion is characterized by progressive, localized bone re-
sorption (53), probably caused by multiple or diffuse
cavernous hemangiomas or lymphangiomas of bone or
by a combination of both (90). The radiographic pres-
entation of Gorham disease consists of radiolucent ar-
eas in the cancellous bone or concentric destruction of
the cortex, giving rise to a sucked-candy appearance
(31). Eventually, the entire medullary cavity and the
cortex are destroyed (4,103,111). On histologic exami-
nation, a marked increase is observed in intraosseous
capillaries, which form an anastomosing network of en-
dothelium-lined channels that are usually filled with
erythrocytes or serum (90). Although some investiga-
tors claim that there is no evidence of osteoclasts in ar-
eas of bone resorption (38), recent studies suggest that
osteoclastic activity plays a role in pathogenesis of
Gorham disease (94).

Clinical Presentation

Patients with cystic angiomatosis usually present in the
first three decades (79). There is 2:1 male-to-female pre-
dominance. The bones affected are most often those of
the axial skeleton, as well as the femur, humerus, tibia,
radius, and fibula (20,29,82) (Fig. 6-12). The bone-
related symptoms are usually secondary to pathologic
fractures through the cystic lesions. Most of the symp-
toms, however, are related to visceral involvement.

Imaging

On radiography, the osseous lesions are usually oste-
olytic (Fig. 6-13), occasionally with a honeycomb
appearance (Fig. 6-14). They are well defined and sur-
rounded by a rim of sclerosis, and they vary in size
(15,67) (Fig. 6-15). Although medullary involvement
predominates, cortical invasion, osseous expansion,
and periosteal reaction can occur (20). Rarely, sclerotic
lesions may be present, and in these instances the con-
dition may mimic osteoblastic metastases (51). On MRI
the lesions usually show an intermediate signal inten-
sity on T1-weighted images, and T2-weighted images
with fat saturation show a mixture of high, intermedi-
ate, and low signal intensities (8).

common sites

less common sites

Cystic Angiomatosis

age: 8-30
F:M = 1:2

Figure 6-12 Cystic angiomatosis: skeletal sites of pre-
dilection, peak age range, and male-to-female ratio.
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Figure 6-13 Cystic angiomatosis. Several osteolytic lesions
affect the shafts of the radius and ulna in this 25-year-old
man.

Histopathology

Whether cystic angiomatosis is truly of blood vessel ori-
gin or of lymphatic derivation, or even represents a
mixture of the two, is difficult to decide in a given case
without IHC (50). On gross examination, the lesions of
cystic angiomatosis resemble simple bone cysts (20).
They consist of large cavities lined by a dull yellowish-
gray membrane. Multiple communicating cysts, sepa-
rated by thickened trabeculae of mature lamellar bone
but without osteoblastic rimming (107), may also be
present, producing a honeycomb appearance (87). In
some cases osteoid and immature woven bone forma-
tion with rimming of active osteoblasts was reported

(51). Histologically, the lesions are indistinguishable
from those observed in capillary or cavernous heman-
giomas (20). They contain multiple dilated, thin-walled
vascular channels lined by flat endothelial cells (107).

Differential Diagnosis

Radiology

The predominant differential diagnosis must include
polyostotic fibrous dysplasia, enchondromatosis, Langerhans
cell histiocytosis, brown tumors of hyperparathyroidism, and
pseudotumors of hemophilia (95). In older patients, al-
though the diagnosis of metastatic disease (42) and
multiple myeloma must be considered, these conditions
usually can be easily distinguished on the basis of both
radiologic and clinical examinations. The osteoscle-
rotic variant of cystic angiomatosis must be differen-
tiated from osteoblastic metastases (1,17,51), sclerosing
variant of myeloma (104), lymphoma, and mastocytosis (6).
Careful interpretation of the radiographs may reveal
the presence of mixed sclerotic and lytic lesions in cys-
tic angiomatosis, a feature that is helpful in excluding
some of the mentioned entities.

Pathology

Microscopically, the differential diagnosis of cystic an-
giomatosis should include massive osteolysis (Gorham dis-
ease). Because both lesions are pathologically almost
identical, the diagnosis is based on clinical findings (31).

The radiologic and pathologic differential diagnosis
of cystic angiomatosis is depicted in Figure 6-16.

Lymphangioma and Lymphangiomatosis

Lymphangioma is a rare benign bone disorder, first de-
scribed in 1947 by Bickel and Broders (10). The lesion
is composed of sequestered, noncommunicating lym-
phoid tissue lined by lymphatic endothelium (29). The
cause of this lesion is believed to be a congenital
obstruction of lymphatic drainage. Lymphangiomas,
similar to hemangiomas, are classified and subclassi-
fied, according to the size of the vessels, as capillary,
cavernous, cystic, or mixed (22). The cystic variety is
most common.

Clinical Presentation

There is no sex predilection and no hereditary ten-
dency (69). The vast majority of these disorders are soft
tissue lesions, with osseous involvement being rare
(27,55). The most common sites of involvement are the
diaphyses or metaphyses of the tibia and the humerus,
as well as ilium, skull, mandible, and vertebrae (45,96).
These lesions are usually discovered at birth (50% to
65% of cases) or at least within the first 2 years of life
(90%) (11,79). The lesion may be solitary or multifocal
(88). When the lesions are multiple, the term lymphan-
giomatosis is applied (96,109).

Imaging

On radiography, these lesions are indistinguishable from
hemangiomas and hemangiomatosis (see previous
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Figure 6-14 Cystic angiomatosis. A 28-year-
old man with honeycomb pattern seen in the
right ilium and both pubic bones.

Figure 6-15 Cystic angiomatosis. Several confluent lesions
with peripheral sclerosis and cortical thickening are present
in the right femur of a 20-year-old man.

discussion), exhibiting a multiple or multilocular expan-
sive osteolytic appearance (3,23). In some cases the mar-
gin may have a “soap-bubble” appearance, whereas in
others it may be quite poorly defined, with a moth-eaten
pattern of bone destruction (92) (Fig. 6-17).

A CT scan can be useful in demonstrating the
relative sparing of the medullary cavity in preference to
the cortex (45,69). MRI demonstrates bone lacunae
displaying a hypointense signal on T1-weighted and a
hyperintense signal on T2-weighted images, which indi-
cates the presence of a liquid-filled lesion. There is no
enhancement after gadolinium injection (69). Lym-
phography is very effective for demonstration of abnor-
mal and dilated lymphatic channels filling the cystic
bone lesions (84).

Histopathology

The histopathology of lymphangioma is essentially the
same as that of hemangioma. The most common is the
cystic capillary form. Endothelia in lymphangioma are
positive for D2-40 by IHC.

Differential Diagnosis

Radiology

Based on the radiographic appearance, the differential
diagnosis must include lymphoma, plasmacytoma, and fi-
brosarcoma when the lesion is solitary, and metastatic
neuroblastoma, hemangiomatosis, Langerhans cell histiocyto-
sis, polyostotic fibrous dysplasia, congenital fibromatosis, and
Gaucher disease when there is polyostotic involvement.

Pathology

Because the wall of a lymphatic vessel is structurally
identical in histology to that of a blood capillary (see
previous discussion), most investigators base their dif-
ferential diagnosis on the presence or absence of ery-
throcytes in the lumen. Nevertheless, it is possible that
an erythrocyte may be found in a lumen of a lymphatic
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Figure 6-16 Radiologic and pathologic
differential diagnosis of cystic an-
giomatosis.

Figure 6-17 Skeletal lymphangiomatosis.
A 2-year-old boy presented with multiple
bone lesions, particularly affecting the pelvis
and proximal femora. Note honeycomb and
moth-eaten pattern of bone destruction. In
addition to skeletal involvement, lymphan-
giomas were also present in the soft tissues.
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vessel because of artificial translocation during the his-
tologic preparation of the tissue. Therefore, this find-
ing does not constitute an absolute proof of whether
the vessel is lymphatic or not. By using IHC it is usually
possible to discriminate between hemangiomas (posi-
tive for CD34, CD31, and FVIII, negative for D2-40)
and lymphangiomas (positive only for D2-40). Hence,
the differential diagnosis is the same as for heman-
gioma (see previous discussion).

Glomus Tumor, Glomangioma, and
Glomangiomyoma

Glomus tumor and its variants, glomangioma and
glomangiomyoma, are extremely rare benign lesions 
of bone composed of rounded uniform cells often
arranged in a brick-work–like manner. They are inti-
mately associated with vascular structures (29). Of the
three, the glomus tumor is most common, whereas the
other two are very rare. The occurrence of a glomus tu-
mor primarily arising in the bone (only about 100 pub-
lished cases), rather than originating in the adjacent
soft tissues and eroding bone secondarily, is extremely
rare (50). At one time this tumor was considered to de-
rive from the previously mentioned neuromyoarterial
glomus, a neurovascular structure. At present, however,
it is believed that the tumor arises from modified
smooth muscle cells. Outside of bone, glomus tumors
with cellular atypia (so-called symplastic glomus tu-
mors) and malignant glomus tumors have been de-
scribed, both of which are exceedingly rare (116).

Recently, glomulin, a gene located on chromosome
1p21-22 and possibly involved in differentiation of vas-
cular smooth muscle cells, has been shown to be
mutated in familial glomuvenous malformations (glo-
mangiomas) (113,114). Genetic alterations in sporadic
glomus tumors have not been published to date (115).

Clinical Presentation

The vast majority of intraosseous glomus tumors occur
at the fingertips (117), arising in the distal phalanges
(112). Very rarely they affect the coccyx. Patients 
are adults in the third to fifth decade, with a female
predilection. The main clinical symptoms include local-
ized pain and exquisite point tenderness (120). Expo-
sure to cold or minimal trauma may induce severe
paroxysmal attacks of pain (86).

Imaging

On radiography, glomus tumor presents as a small, lytic
bony defect with sharply marginated edges, usually lo-
cated at the dorsal aspect of the distal phalanx. If the le-
sion arises primarily in the soft tissue and erodes bone
secondarily, an adjacent soft tissue mass is present (79).
On CT examination, a nonspecific subungual mass is
demonstrated, with an attenuation value similar to that
of other soft tissue lesions. On MR T1-weighted images
the lesion exhibits either isointense or hyperintense sig-
nal, and strong enhancement after injection of gadolin-
ium (121). On T2-weighted images, glomus tumor
exhibits a homogeneous high signal intensity (79,119).

Histopathology

Histologically, the lesion is composed of lobules, strands,
and broad sheets of rounded, uniform glomus cells, of-
ten arranged in the above-mentioned brick-work–like
manner, with indistinct capillaries in the walls of the sur-
rounding large blood vessels (26,29). Because each cell
is encircled by a basal lamina, cell margins are clearly de-
lineated by reticulin stains, toluidine blue, or periodic
aid–Schiff (PAS) preparations. In glomangioma, the
larger blood vessels are more conspicuous, with the tu-
mor cells arranged in smaller areas within their walls. In
glomangiomyoma, spindle cells resembling smooth mus-
cle cells are found in variable numbers (31). By ICH,
glomus tumor and its variants express smooth muscle
actin and collagen type IV but usually no desmin or
CD34 (106).

Differential Diagnosis

Radiology

On radiography the lesion closely resembles an enchon-
droma (118). Other lesions that should be included in
the differential diagnosis are epidermal inclusion cyst,
metastasis (particularly from a bronchogenic carci-
noma), aneurysmal bone cyst, sarcoidosis, and tuberous scle-
rosis (112).

Pathology

The differentiation of this tumor from other entities is
usually easy because of its conspicuous clinical behav-
ior. Histologically, a metastasis from a small cell epithe-
lial or mesenchymal tumor must be taken into
account, but can be ruled out by appropriate IHC
investigations (negativity for cytokeratins, desmin and
myogenin, CD45 and CD99). The very regular
arrangement of the glomus tumor cells and their con-
nection with the walls of larger vessels are helpful in
making the distinction.

The radiologic and pathologic differential diagnosis
of glomus tumor is shown in Figure 6-18.

Malignant Tumors

The existing nomenclature for malignant vascular tu-
mors is not uniform and therefore can be confusing
(184). Different terms, including hemangiosarcoma -
(angiosarcoma), hemangioendothelioma, and heman-
gioendothelial sarcoma, have been used as synonyms.
Moreover, the tumors have been classified into different
grades, from grade I hemangioendothelioma (well-dif-
ferentiated) to grade III hemangiosarcoma (poorly dif-
ferentiated) (90). In contrast to the classification of their
soft tissue counterparts (180,183), all aggressive and ma-
lignant vascular lesions in bone have recently been
grouped by the World Health Organization (WHO)
under the heading of angiosarcoma (164). However,
because histologic and clinical differences exist, heman-
gioendothelioma and angiosarcoma of bone are dis-
cussed separately (30,162).
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Epithelioid Hemangioendothelioma

Epithelioid hemangioendothelioma is regarded as a
neoplasm with an unpredictable clinical course inter-
mediate between that of hemangioma and conventional
angiosarcoma (90,141,142,145,155,166,170,177,178). Tu-
mor involving the soft tissues, bones, or other sites (liver,
lung) share an identical histomorphology. However, an-
giocentricity or intravascular spread, as seen in soft tis-
sues or in liver and lung, is not described in bone
(106,162). Cytogenetic analysis of two tumors occurring
in the soft tissues revealed a nonrandom translocation
t(1;3)(p36;q25) involving chromosomes 1 and 3 (157).
In bone, more than 50% of patients develop multiple le-
sions, either synchronously or metachronously, making
the discrimination from metastatic lesions difficult if not
impossible (148). Characteristic of this tumor is the
formation of irregular nests or anastomosing cords of
enlarged and vacuolated endothelial cells that are
embedded in a myxoid substrate (25). In bone, other
subtypes, such as kaposiform or retiform heman-
gioendotheliomas, are described only as single cases
(123,153). Hemangioendotheliomas constitute less than
1% of all the primary malignant tumors of bone (179).

Clinical Presentation

Epithelioid hemangioendothelioma can occur at any
age within a range of 10 to 75 years (122). The lesion
may be solitary or multicentric (127,129). There is a
slightly more common predilection for males in the
second and third decades (79). Patients affected by
multifocal disease are, on average, 10 years younger
than those with a solitary lesion. Osseous epithelioid
hemangioendotheliomas most commonly affect the
calvaria, spine, and bones of the lower extremities.
They may occur in any part of a bone, and it is not un-
usual to see multiple lesions in contiguous anatomic
sites (e.g., in several carpal or tarsal bones).

Epithelioid hemangioendothelioma usually causes
dull local pain and tenderness (169); some swelling
may also be observed, and hemorrhagic joint effusion
sometimes occurs (90). A vertebral location for this tu-
mor is characterized by radiculopathy. Symptoms are
quite variable in their duration, ranging from a few
weeks to many years (average 5 months) (144). A soft
tissue mass or a pathologic fracture is only rarely the
presenting symptom (143).

Imaging

On radiography, epithelioid hemangioendothelioma
exhibits an osteolytic appearance; it may be well cir-
cumscribed or may have a wide zone of transition (Fig.
6-19A). There may be variable degrees of peripheral
sclerosis, sharply demarcating the lesion. Frequently a
soap-bubble appearance with expansion of bone is
observed, with occasional extension into the soft tissues
(31). However, unless there is an associated pathologic
fracture, a soft tissue mass is usually not present.
Scintigraphy shows an increased uptake of the radio-
pharmaceutical tracer (125,147,149). On MRI the
tumor shows a mixed signal on T1-weighted images
with moderate increase in the signal intensity on T2
weighting (165,172) (Fig. 6-19B, C).

Histopathology

On histologic examination, epithelioid hemangioen-
dothelioma reveals endothelial cells with abundant
faintly eosinophilic or amphophilic cytoplasm (136, 174)
(Fig. 6-20A). Individual cells may exhibit intracytoplas-
mic lumina of variable size, whose diameters often ap-
proximate that of an entrapped erythrocyte (Fig. 6-20B).
Larger lumina appear to be formed as the result of
fusion of their smaller intracytoplasmic counterparts. A
residual strand of attenuated cytoplasm frequently
bridges the opening. Although mitotic figures may be
absent, one or two figures per 10 high-power fields are

Figure 6-18 Radiologic and pathologic
differential diagnosis of glomus tumor.
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Figure 6-19 Epithelioid hemangioen-
dothelioma: magnetic resonance im-
aging (MRI). A: Anteroposterior radi-
ograph of the proximal tibia shows a
radiolucent destructive lesion affecting
mainly the medial aspect of the bone.
The cortex is destroyed. B: Coronal 
T1-weighted MRI shows a low-signal-
intensity tumor replacing bone marrow.
Small foci of high signal represent hem-
orrhagic areas. C: Coronal T2-weighted
MRI demonstrates an increase in the sig-
nal intensity of the tumor, which exhibits
heterogeneous appearance. (Reprinted
with permission from Greenfield GB, Ar-
rington JA. Imaging of bone tumors.
Philadelphia: JB Lippincott, 1995:161.)
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usually seen. The tumor cells are arranged in nests and
cords. Primitive vascular channels are occasionally
formed but are not a prominent feature. Small foci of
hemorrhage or necrosis may be observed (182). The
stroma typically varies from fibrous to myxoid, and may
appear more hyalinized, thus resembling a hyaline
cartilage–like matrix (31). That the cells composing
these tumors are differentiated is evident from their fre-
quent positive immunohistochemical staining for Factor
VIII and for Fli-1, CD34, and CD31 (Fig. 6-20C, D).

Weiss et al. emphasized four major patterns, often
characterized by transitional zones. These include (a)
plump, polygonal, or elongated cells possessing large
vacuoles that resemble signet ring cells; (b) aggregates
of the above cells arranged into elongated cords or
clusters; (c) formation of vascular lumina, which may

be interconnected and may also contain erythrocytes;
and (d) solid or spindle cell areas that sometimes con-
tain nests of cells (134,182).

In bone, atypical histologic features such as mitotic
rate, degree of atypia, presence of necrosis, and spin-
dling of tumor cells, considered as prognostic indica-
tors in soft tissue lesions (180), are not of value in
predicting the clinical course (148).

Differential Diagnosis

Radiology

On radiologic studies it is very difficult to differentiate
epithelioid hemangioendothelioma from other vascu-
lar lesions, both benign and malignant. A solitary
osteolytic lesion may mimic a metastasis, fibrosarcoma,

A B

C D
Figure 6-20 Histopathology of epithelioid hemangioendothelioma. A: A pale-staining myxoid stroma is filled with single
or cord-like proliferating plump endothelial cells that exhibit lack of obvious pleomorphism or significant mitotic activity
(hematoxylin and eosin, original magnification �200). B: Eosinophilic tumor cells contain intracytoplasmic vacuoles (hema-
toxylin and eosin, original magnification �400). C: Observe intracytoplasmic vacuoles and membranous CD34 immunoreac-
tion on cell surface (biotin-streptavidin peroxidase, original magnification �400). D: Also positive to a varying degree are
other endothelial markers such as FVIII-related antigen (biotin-streptavidin peroxidase, original magnification �200).
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malignant fibrous histiocytoma (MFH), plasmacytoma, or
lymphoma. Lesions with a sclerotic border may resem-
ble a Brodie abscess, intraosseous ganglion, enchondroma,
or chondroblastoma, and those extending to the articu-
lar end of bone can be mistaken for a giant cell tumor. A
multicentric presentation should be differentiated
from other polyostotic conditions, such as brown tumors
of hyperparathyroidism, pseudotumors of hemophilia,
metastatic disease, and multiple myeloma. When lytic
lesions are seen predominantly in the cortex, metastatic
disease is a strong consideration (42,140). Because the
radiologic presentation of hemangioendothelioma is
usually nonspecific, clinical information may be help-
ful in narrowing the differential diagnosis.

Pathology

The differential diagnosis of epithelioid heman-
gioendothelioma includes metastatic adenocarcinoma,
adamantinoma of the long bones, angiosarcoma (“malignant
hemangioendothelioma”), myxoid chondrosarcoma, telan-
giectatic osteosarcoma, and melanoma. The differentiation
between hemangioendothelioma and angiosarcoma is in
many cases arbitrary. A clear distinction is not possible
because areas with the characteristics of the first tumor
may merge into areas with the characteristics of the lat-
ter (see later). However, tumor cells are more uniform
and less atypical in epithelioid hemangioendothelioma
than in angiosarcoma, and vascular channels tapered
by overt atypical cells are much more prominent in the
latter. Intraluminal budding and increased mitotic
rates are also in favor of angiosarcoma. To exclude
metastatic carcinoma or melanoma, IHC studies are help-
ful, revealing positivity for endothelial markers such as
CD31, CD34, Fli-1, or factor VIII. However, cytokeratins
may also be positive in epithelioid hemangioendothe-
liomas and epithelioid angiosarcomas, and CD31 has
been reported positive in some carcinomas; therefore,
a panel of antibodies must be applied (106,132,168).
Unlike vascular tumors, melanomas are positive for
melan A and S-100 [however, weak staining in some tu-
mor cells in single cases of angiosarcoma has been
reported (156)], but are negative for Fli-1 and CD31,
whereas CD34 may also be positive in single mela-
nomas (32,128,185).

Telangiectatic osteosarcoma may have areas that
strongly resemble hemangioendothelioma. However,
the presence of osteoid formation in the former is diag-
nostic.

Myxoid chondrosarcoma may exhibit the nodular
arrangement and epithelioid appearance of the tumor
cells (126,138). However, the myxoid background and
the positive staining for S-100 protein are not features
of hemangioendothelioma.

Adamantinoma exhibits a characteristic biphasic pat-
tern consisting of epithelial strands intimately admixed
with a fibrous stroma. In this tumor, however, the ep-
ithelial component is usually scant and is often difficult
to discern, in contrast to hemangioendothelioma, in
which the rather large epithelioid cells are conspicuous
in size and number. Moreover, epithelial cells in
adamantinoma do not react with CD34 or CD31.

Angiosarcoma

Angiosarcoma of bone represents the most malignant
end of the spectrum of vascular tumors. This is an ag-
gressive malignancy, characterized by frequent local re-
currence and distant metastases (79,130,133).

Clinical Presentation

Angiosarcomas most commonly involve the skin (33%)
and soft tissues (24%), with bone being involved in
only 6% of cases (135). These lesions occur during the
second to the seventh decade, although the peak is dur-
ing the third to fifth decade (20). Males are affected
twice as frequently as females. The most common os-
seous locations are the long bones (approximately 60%
of cases), particularly the tibia (23%), femur (18%),
and humerus (13%), as well as pelvis (7%) (79,86).
The two most common symptoms are local pain and
swelling. Metastases to the lungs and other parenchy-
mal organs are found in about 66% of cases (130).

Angiosarcomas associated with chronic lymphedema
particularly in the extremities are known as Stewart-
Treves syndrome (160,173).

Imaging

On radiologic studies it is impossible to distinguish
among hemangioendothelioma, hemangiopericytoma,
and angiosarcoma. Angiosarcomas have radiographic
features similar to those of hemangioendotheliomas.
However, they are usually solitary lesions and almost
invariably there is a wide transitional zone between
tumor and uninvolved bone. Soft tissue masses are
common. Angiosarcomas are predominantly lytic, and
sometimes they exhibit a honeycomb or hole-within-
hole pattern, similar to the appearance of hemangioma.
More aggressive features include osseous expansion,
cortical permeation, and an associated soft tissue mass
(79) (Fig. 6-21). Multifocal involvement is common.
Skeletal scintigraphy is invariably positive, revealing in-
creased tracer uptake (125). The CT and MRI appear-
ances of these lesions are decidedly nonspecific (20).

Histopathology

Histologically, angiosarcomas correspond to their soft
tissue counterparts. They are composed of poorly
formed blood vessels that exhibit complicated infold-
ing and irregular anastomoses. The endothelial cells
lining these blood vessels display features of frank
malignancy, with the presence of often plump intralu-
minal cells resembling hobnails, frequent and atypical
mitoses, and nuclear hyperchromatism (Fig. 6-22).
Solid areas of the tumor may contain spindle cells and
epithelioid cells. Spontaneous necrosis is often present,
as well as sometimes extensive hemorrhage (164,183).
According to Stout (174), two fundamental histologic
criteria are necessary for diagnosing an angiosarcoma:
(a) formation of greater number of atypical endothe-
lial cells than would be necessary to line vessels with a
simple endothelial membrane and (b) formation of
vascular tubes and channels that exhibit a framework
of reticulin fibers and that usually anastomose.
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Figure 6-21 Angiosarcoma. An osteolytic lesion with a wide
zone of transition is present in the proximal humerus of a 42-
year-old man. Note a pathologic fracture through the tumor.
A soft tissue mass is not well demonstrated on this study.

Figure 6-22 Histopathology of angiosarcoma. A: Clusters of very large polygonal cells with large pleomorphic and hyper-
chromatic nuclei border blood-filled vascular spaces. The solid areas of the tumor resemble large cell metastatic cancer (hema-
toxylin and eosin, original magnification �50). B: In another field of view the vascular spaces are larger and more visible. The
vascular character of the tumor is obvious (hematoxylin and eosin, original magnification �50). C: Reticulin fiber stain shows
that the tumor cells lie corona-like within the rims of reticulin fibers (black). Note newly formed cortex made up of trabecular
woven bone (Novotny, original magnification �25). D: At higher magnification the interconnected network of vascular
spaces each bound by a rim of reticulin fibers (black) is seen, surrounding a seam of large tumor cells (Novotny, original mag-
nification �50) (continued).
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Some angiosarcomas present as epithelioid tumors,
consisting predominantly or almost exclusively of en-
larged eosinophilic epithelioid cells with prominent
nucleoli. These clearly atypical cells line irregularly
formed vascular channels and exhibit increased mitotic
activity. Intraluminal papillary projections and diffuse
infiltrating sheets of tumor cells may also be present
(133) (Fig. 6-22E). Because antibodies to factor VIII
yield inconsistent and sometimes negative results, re-
flecting poor tumor differentiation, additional en-
dothelial markers (CD34 and CD31) must therefore be
applied (Fig. 6-22F). Furthermore, angiosarcomas re-
act with antibodies against the transcription factors
WT1 and Fli-1 and against D2-40, directed toward the
lymphatic endothelium (32,36,56,176a).

Differential Diagnosis

Radiology

Because the radiologic characteristics of angiosarcoma
are not specific, several possibilities should be consid-
ered in the differential diagnosis, including metastasis,
plasmacytoma, lymphoma, fibrosarcoma, and MFH. As always
in such situations, the radiologist should rely on clinical
information.

Pathology

As in other vascular tumors, differential diagnosis must
include hemangioendothelioma and hemangiopericytoma.
The myxoid- to cartilage-like matrix of epithelioid he-
mangioendothelioma is rarely found in angiosarcoma,
which almost always presents a higher grade of nuclear
atypia and pleomorphism. Because it is usually difficult
to determine the tumor’s vascular pattern, staining for
reticulin fibers should always be utilized to identify the
basal membrane in the vessel wall (77). In angiosar-
coma, the tumor cells lie within the basal membrane
whereas in hemangiopericytoma they lie outside. Some

poorly differentiated but extremely vascular sarcomas
may strongly resemble angiosarcoma. Telangiectatic os-
teosarcoma and metastases from renal cell carcinoma may
contain areas that strongly resemble a vascular tumor.
In such cases, studies with a panel of vascular markers
(CD34, CD31, Fli-1) may be helpful for demonstration
of the endothelial nature of tumor cells in the solid
regions of angiosarcoma (32,77). Especially in epithe-
lioid angiosarcomas, immunoreactivity for cytokeratins
may be present, giving the erroneous impression of a
metastatic carcinoma if only antibodies to cytokeratins
are applied (133).

Hemangiopericytoma

With the emerging concept of solitary fibrous tumor, the
existence of hemangiopericytoma as a single tumor en-
tity has been seriously questioned, at least in the soft
tissues (137). Hemangiopericytoma is regarded as a his-
tologic pattern that is also present in a variety of other
well-defined sarcomas and even in carcinomas (161).
However, even with this approach some tumors are still
classified as hemangiopericytomas because they cannot
be identified as solitary fibrous tumor or other entities
even with application of ancillary techniques (139). Fur-
thermore, according to Miettinen et al. (159), genetic
differences between solitary fibrous tumor and heman-
giopericytoma appear to be revealed by comparative ge-
nomic hybridization (CGH) studies, which showed chro-
mosomal gains and losses in solitary fibrous tumors but
not in hemangiopericytomas (159). In addition, bal-
anced translocations have been observed in heman-
giopericytomas, and a trisomy 21 has been noted in an
extrapleural solitary fibrous tumor (131,154).

Initially, hemangiopericytoma was believed to arise
from the Zimmerman cells that are located around ves-
sels (171,175). However, electron microscopic and IHC
studies have demonstrated no convincing evidence for

Figure 6.22 Continued E: Large epithelioid-appearing tumor cells line vascular spaces and protrude into the lumen (hema-
toxylin and eosin, original magnification �630). F: Tumor cells lining vascular spaces and infiltrating the surrounding stroma
are positive for CD31. Note luminar shedding of tumor cells (biotin-streptavidin peroxidase, original magnification �200).

FE

5480_Greenspan_Ch06p363-386.qxd  7/20/06  7:34 AM  Page 380



CHAPTER 6 Vascular Lesions — 381

this assumption (106). This is a tumor of intermediate
aggressiveness that has both benign and malignant po-
tential (79,163).

Clinical Presentation

Hemangiopericytoma has been reported in patients
ranging from 15 to 48 years of age (135,181). The tumor
commonly affects the lower extremities (35%), particu-
larly the soft tissues of the thigh and pelvis. Primary os-
seous lesions are rare, accounting for less than 1% of vas-
cular tumors (150). Symptoms consist primarily of pain
or swelling, or a combination of both, with a duration of
1 month to 1 year (31,152). Occasionally there is associ-
ated hypophosphatemic osteomalacia (151).

Imaging

The radiographic features of hemangiopericytoma are
nonspecific. Approximately 70% of these tumors are
purely lytic (Fig. 6-23), whereas various degrees of sclero-
sis are present in about 30% of cases (186). When sclero-
sis predominates, bone trabeculae become prominent,
giving the lesion a honeycomb appearance similar to that
of a hemangioma (20). Although the cortex may be ex-
panded, a periosteal reaction is rare. Wold et al. (186) re-
ported a correlation between the histologic malignancy
and the radiographic aggressiveness of this tumor, al-
though they found it very difficult, if not impossible, to
distinguish benign from malignant lesions on the basis of
radiographic appearance alone. Thus far, CT and MRI
have also failed to facilitate this distinction (20,124),
although Juan et al. (146) reported recently a “spoke-
wheel” appearance of hemangiopericytoma on MR im-
ages that may suggest this diagnosis. Angiography does
not provide additional useful information (187,188).

Histopathology

Histologically, hemangiopericytomas are composed of
vascular channels lined at their inner side by normal en-
dothelial cells not belonging to the tumor and sur-
rounded by round to oval cells individually enclosed by a
basket of reticulum fibrils (Fig. 6-24A). The perivascular
pattern of these tumors can be best recognized in retic-
ulin preparations (167). Silver reticulin staining of the
basal membrane of the vessel reveals that the tumor cells
lie outside this membrane (101) (Fig. 6-24B). The prolif-
eration of tumor cells outside the vascular spaces distin-
guishes hemangiopericytoma from endothelial lesions
in which the cells line the inner surface of the basal
membrane of the vascular spaces (176). The tumor may
be of low-grade malignancy or of a high grade, with
anaplasia and multiple mitoses (144). Tumor cells are
positive for CD34 and vimentin, and negative for CD31
and (with rare exceptions) for actins and desmin (158).

Differential Diagnosis

Radiology

Like hemangioendothelioma, hemangiopericytoma is
also difficult to distinguish from other vascular lesions. 
If the lesions exhibit osteolytic features, the same differ-

ential diagnoses apply as for hemangioendothelioma.
An expansive solitary lesion may mimic aneurysmal bone
cysts, and lesions that extend to the articular end of bone
should be differentiated from giant cell tumor. Sclerotic
lesions may mimic sclerosing hemangiomas and even
osteoblastic metastases.

Pathology

Hemangiopericytoma can be microscopically confused
with a monophasic type of synovial sarcoma, when the
latter exhibits a prominent hemangiopericytomatous

Figure 6-23 Hemangiopericytoma. Anteroposterior radi-
ograph of the left humerus in a 30-year-old man shows an
osteolytic lesion with wide zone of transition. (From Bul-
lough PG. Atlas of orthopedic pathology, 2nd ed. New York:
Gower, 1992:17.10.)
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histologic growth pattern (31). However, the typical
features of biphasic synovial sarcoma include glandular
and pseudoglandular patterns, and the lesion actually
arises in soft tissues with only secondary involvement of
bone, both of which features are helpful in the differ-
entiation (144). Moreover, synovial sarcomas (biphasic
and monophasic) are immunohistochemically positive
for epithelial membrane antigen (EMA), CD99, and
BCL2.

Hemangiopericytoma may also mimic glomus tumor,
but its cells are less differentiated and exhibit scant

Figure 6-24 Histopathology of hemangiopericytoma. A: Solid tumor tissue containing interconnected small blood vessel
lumina are surrounded by polygonal cells of medium size. The blood vessels show a seam of flat endothelium different from
the other cells (hematoxylin and eosin, original magnification �50). B: With reticulin fiber staining, the numerous capillary lu-
mina containing a seam of normal endothelia and being surrounded by a sharp narrow band corresponding to the basal
membrane become distinct. The tumor cells lie outside the basal membrane (Novotny, original magnification �25).

cytoplasm and a poorly delineated border. In contrast
to hemangiopericytoma, glomus tumors are positive for
muscle markers (actins, desmin).

Intraosseous myofibroma and myofibromatosis must also
be ruled out. These lesions occur particularly in chil-
dren and have a nodular appearance. Histologically, a
central highly vascularized component with plump
spindle cells can be observed, which is accompanied by
peripheral bundles of spindle-shaped myofibroblasts.
Myofibromas are positive for actin and negative for
desmin (106).

Figure 6-25 Radiologic and patho-
logic differential diagnosis of epithe-
lioid hemangioendothelioma, heman-
giopericytoma, and angiosarcoma.
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It should be pointed out that small foci of tissue
closely resembling hemangiopericytoma can be found in
a variety of tumors, including osteosarcoma, fibrosarcoma,
and mesenchymal chondrosarcoma. Therefore, meticulous
examination of the entire specimen is crucial.

The radiologic and pathologic differential diag-
noses of epithelioid hemangioendothelioma, heman-
giopericytoma, and angiosarcoma are depicted in
Figure 6-25.
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Benign Lesions

Giant Cell Tumor

Giant cell tumor (GCT) is a locally aggressive neoplasm
characterized by richly vascularized tissue containing
proliferating mononuclear stromal cells and many os-
teoclast-like, multinucleated giant cells randomly but
evenly distributed throughout (23,58,74,82). GCT rep-
resents approximately 5% (94) to 8.6% (82) of all pri-
mary bone tumors and about 22.7% of benign bone
tumors (94) and is the sixth most common primary os-
seous neoplasm (30).

The mononuclear component of GCT consists of two
types of cells, fibroblast-like and histiocyte/monocytic-

like stromal cells (4,78,139). Roessner et al. (78) also
demonstrated that only fibroblast-like stromal cells were
able to incorporate [3H]-thymidine, thus representing
the proliferating neoplastic cell pool. Recently, Wulling
et al. (100,101) provided evidence from immuno-
histochemistry (IHC), tissue culture experiments, and
molecular biology studies that the proliferating neoplas-
tic stromal cells in GCT are derived from mesenchy-
mal stem cells. In vitro, these stromal cells of GCT can
still differentiate into osteoblasts, chondroblasts, and
adipocytes. In addition, Atkins et al. demonstrated that
these stromal cells, similar to osteoblasts, express factors
necessary for osteoclast formation and differentiation
(osteoclast differentiation factor/ODF or receptor activa-
tor of nuclear factor kappa B l igand/RANKL), leading
to the hypothesis that GCT is a mesenchymal stem
cell–derived tumor with the ability to attract monocytic
precursors (the second mononuclear component in
GCT) and to induce their transformation to osteoclastic
giant cells (6,100). In cytogenetic studies, telomeric as-
sociations (end-to-end fusions of apparently intact chro-
mosomes) involving chromosomes 11p, 13p, 14p, 15p,
19q, 20q, and 21p have been identified as the most com-
monly occurring chromosomal aberration (16,74).

Other structural chromosomal abnormalities have
also been detected in single cases (57). In an analysis of
12 cases including primary, recurrent, metastatic, and
malignant GCTs, Rao et al. (73) observed loss of het-
erozygosticy (LOH) of 1p, 3p, 5q, 9q, 10q, and 19q,
whereas LOH of 17p and 9p occurred only in pul-
monary metastases of GCTs (73). However, the possible
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roles of these findings in the evolution of GCT are not
clearly understood.

In a study of c-myc expression (a transcription factor
involved in cell proliferation and in cell growth and
differentiation) in GCTs, Gamberi et al. (32) demon-
strated a strong correlation between c-myc overexpres-
sion at the mRNA and protein levels and the occurrence
of lung metastases.

Clinical Presentation

GCT occurs almost exclusively after skeletal maturity,
when the growth plates are obliterated, and patients
are usually between the ages of 20 and 40 years, with a
female preponderance (2:1). At least 60% of cases
arise in long bones and almost all extend to the articu-
lar end (29). Those unusual cases with presentation in
the metaphysis are seen in skeletally immature patients
(46,71). The most common skeletal sites are the distal
femur, the proximal tibia, the distal radius, the proxi-
mal humerus, and the sacrum (23). Rarely, the tumor
arises in other sites, such as the bones of hands and
feet, the vertebral bodies, the ribs (14,18,42,89,94),
the scapula (3), the ischium (83), and the skull (48)
(Fig. 7-1). Very uncommonly, GCT may be multifocal
(69,85,96), with a reported frequency of 0.04% to 1%
(22,58,91,94). The majority of multifocal GCTs are as-
sociated with Paget disease of bone (31,41,72), and
most have a predilection for the skull, face (43), and il-
ium (82). Multifocal GCTs in patients who do not ex-
hibit Paget disease usually occur in the bones of the
hand (7,8,21) and characteristically affect a slightly
younger age group (27,98).

The symptoms most commonly reported include pain
of increasing intensity, with local swelling and tender-
ness of the affected area. Limitation of motion of the ad-
jacent joint is also present in many patients (82). Only in
exceptional cases is a pathologic fracture the first sign of
a GCT. Although a histologic grading system exists, the
clinical behavior of GCT cannot be accurately predicted
on the basis of histologic, clinical, or radiologic features
(11,12,15,28). Recurrences after surgical curettage and
bone grafting are common [reported recurrence rates
range from 12% to 50% (40)].

Imaging

The characteristic radiographic features of GCT are
those of a purely osteolytic lesion with a geographic type
of bone destruction (50). The lesion is radiolucent, fre-
quently expansive, and eccentrically located, without
marginal sclerosis but usually with well-defined borders
(Figs. 7-2 and 7-3). Internal trabeculations or pseudotra-
beculations are occasionally present (82) (Fig. 7-4),
most likely representing a nonuniform growth of the tu-
mor (62). There is usually no periosteal reaction. At-
tempts have been made to assess the aggressiveness of
GCT on the basis of radiologic criteria. According to
some investigators (60), nonaggressive tumors exhibit a
prominent trabeculation and no cortical expansion or
soft tissue mass. Conversely, aggressive tumors exhibit a
lack of trabeculation, and expansion or destruction of
the cortex and soft tissue mass are present (Fig. 7-5).

Giant Cell Tumor

age: 20-40
F:M = 2:1

common sites

less common sites

Figure 7-1 Giant cell tumor: skeletal sites of predilection,
peak age range, and male-to-female ratio.
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A B
Figure 7-2 Giant cell tumor. A: Anteroposterior radiograph of the right knee of a 30-year-old woman shows an osteolytic lesion
eccentrically located in the proximal tibia and extending into the articular end of the bone. B: Radiolucent lesion in a 27-year-old
woman affects almost the entire proximal end of the humerus. Note a pathologic fracture at the distal extent of the tumor.

A B
Figure 7-3 Giant cell tumor. Anteroposterior (A) and lateral (B) radiographs of the right knee of a 32-year-old man show a
purely osteolytic lesion in the distal end of the femur. Note its eccentric location, the absence of reactive sclerosis, and the
extension of the tumor into the articular end of the bone (continued). 
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Figure 7-3 Continued C: In another patient, an eccentric
osteolytic lesion extends into the articular end of the distal
radius.

A B
Figure 7-4 Giant cell tumor. A: Anteroposterior radiograph of the right hip of a 27-year-old woman shows a radiolucent
lesion with internal trabeculations in the femoral head. B: Anteroposterior radiograph of the left wrist of a 36-year-old woman
shows a trabeculated lesion in the distal radius.

C
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Conventional tomography, particularly trispiral or
hypocycloidal, reveals the osseous margins of the lesion
and the status of the cortex more clearly than radi-
ographs. Arthrotomography is effective for the evalua-
tion of tumor invasion through the subchondral plate

and articular cartilage (39). When a soft tissue mass is
present, computed tomography (CT) or magnetic reso-
nance imaging (MRI) examination may be particularly
helpful (24,56,75,90). CT may outline the tumor extent
and better delineate areas of cortical destruction (Fig.
7-6). The attenuation coefficient of unenhanced GCT
averaged 44 Hounsfield units, similar to measurements
of other noncalcified bone lesions (39). However, en-
hancement after infusion of a contrast agent is striking
according to Hudson et al. (39). Conversely, deSantos
and Murray (25) did not observe a significant contrast
enhancement.

On MRI, like most bone tumors, GCT exhibits a low
to intermediate signal intensity on T1-weighted images
and a high signal on T2-weighted sequences (Fig. 7-7).
The intramedullary portion of tumor is best seen on T1
weighting, whereas its extraosseous component is more
clearly observed on T2-weighted images (13,38) (Fig. 
7-8). After intravenous injection of gadolinium, hetero-
geneous enhancement of the tumor is observed (Fig. 
7-9). Some reports in the literature indicate that certain
instances of GCT containing large amounts of hemo-
siderin may show different MRI characteristics (2). Aoki
et al. (1) found in these instances a markedly decreased
signal on both T1- and T2-weighted sequences and, in
one case, the extraosseous tumor extension appeared as
a signal void area on MR imaging. MRI is also effective in
demonstrating subchondral breakthrough and exten-
sion of tumor into the adjacent joint (38). Fluid levels
in the tumor have been reported (45,75) and are consid-
ered by some investigators to be secondary to an
aneurysmal bone cyst (ABC) component (39,45).

Radionuclide bone scan rarely provides additional
information because the degree of tracer uptake does
not correlate with the histologic grade of the tumor
(39,53,68,95). However, scintigraphy may help in detec-
tion of multiple foci if a multicentric GCT is clinically

Figure 7-5 Giant cell tumor. Dorsovolar radiograph of the
left wrist of a 56-year-old woman shows an osteolytic lesion
in the distal radius that has destroyed the cortex and that
extends into the soft tissues.

A B
Figure 7-6 Giant cell tumor: computed tomography (CT). A: Anteroposterior radiograph of the left knee of a 33-year-old
woman shows an osteolytic lesion in the medial femoral condyle (arrows). There is no definite evidence of cortical break-
through. B: Axial CT section through the tumor demonstrates destruction of the cortex and the presence of a soft tissue mass.
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A B

C

Figure 7-7 Giant cell tumor: magnetic resonance
imaging (MRI). A: Dorsovolar radiograph of the
right wrist of a 36-year-old woman shows an oste-
olytic lesion in the distal radius. B: Coronal T1-
weighted (SE, TR 500, TE 20) MR image shows the
tumor to be of low signal intensity. C: On coronal
T2-weighted (SE, TR 2000, TE 80) MRI the lesion
becomes bright, displaying low-signal septations.
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Figure 7-8 Giant cell tumor: magnetic reso-
nance imaging (MRI). Anteroposterior (A) and
lateral (B) radiographs of the left knee of a 45-
year-old woman show a radiolucent lesion in the
proximal tibia, but its full intraosseous extent can
not be properly assessed. Coronal (C) and sagit-
tal (D) T1-weighted (SE, TR 600, TE 20) MR
images accurately outline the tumor, which dis-
plays intermediate signal intensity. E: Axial T2-
weighted (SE, TR 2000, TE 80) image reveals that
the lesion (arrows), now displaying heteroge-
neous high signal, has penetrated the cortex and
extends laterally into the soft tissues (arrowhead).

A B

C

D

E
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A B

C D
Figure 7-9 Giant cell tumor: magnetic resonance imaging (MRI). Coronal (A) and sagittal (B) T1-weighted MR images
show a low-signal-intensity lesion in the medial femoral condyle of a 37-year-old woman. The tumor extends to the articular
end of bone. On coronal (C) and axial (D) T2-weighted MR images the tumor exhibits heterogeneous signal.
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suspected. In a study by Hudson et al. (39), these inves-
tigators found in 49% of cases an abnormal uptake pat-
tern resembling a doughnut: intense uptake around the
periphery with relatively little activity in the central por-
tion of the tumor. They contended that this appearance
was due to uptake of the bone-seeking radiopharmaceu-
tical agents predominantly by reactive new bone or by

hyperemic bone around the tumor, with the tumor
tissue retaining little tracer. Occasionally, an increased
tracer activity can be detected across the adjacent joint
(49). This phenomenon may be due to increased blood
flow and to increased bone turnover secondary to dis-
use osteoporosis (86).

Although 5% to 10% of GCTs undergo malignant
degeneration (or are malignant from their inception)
(10,36,54), malignant GCT is unaccompanied by addi-
tional or specific radiologic characteristics and there-
fore cannot be diagnosed radiographically.

The radiographic presentation of GCT complicating
Paget disease is usually that of an expansive lytic lesion,
frequently accompanied by a soft tissue mass (53,65,81).

Histopathology

The histologic features of GCT include a dual popula-
tion of fibrocytic or monocytic mononuclear stromal
cells and of giant cells that are usually uniformly distrib-
uted throughout the tumor (Fig. 7-10). Morphologi-
cally, the giant cells somewhat resemble osteoclasts
and, like all resorptive giant cells, exhibit marked acid
phosphatase activity (5). However, they are much larger
than normal osteoclasts and are not apposed to bone
surfaces and therefore do not possess a ruffled border
(88). The cells are round, oval, or fusiform and vary
considerably in shape owing to their capacity for ame-
boid motility. In general, they exhibit large nuclei with
little chromatin and very few inconspicuous nucleoli
(74,82). The number of nuclei may vary widely but is
usually 20 or more. Giant cells never exhibit mitotic ac-
tivity. Areas of hemorrhage, and occasional groups of
foam cells and of hemosiderin-laden macrophages, are
frequently present (30).

In typical areas, the tumor matrix contains only
sparse amounts of collagen. On histologic study, silver
staining reveals a network of reticulin fibers that sur-
rounds the individual cells but does not penetrate the

Figure 7-9 Continued E: Axial T1-weighted fat-suppressed
MRI obtained after intravenous administration of gadolinium
shows significant enhancement of the lesion.

E

A B
Figure 7-10 Histopathology of a giant cell tumor. A: Densely arranged tumor tissue consists of mononuclear cells inter-
mixed with numerous uniformly distributed large giant cells containing up to 50 or more nuclei, much larger than those ob-
served in other tumors (hematoxylin and eosin, original magnification �100). B: At higher magnification the characteristic
appearance of giant cells is better appreciated (hematoxylin and eosin, original magnification �200).
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giant cells (82). The tumor is rich in newly formed cap-
illaries, with walls composed of only a single endothe-
lial layer. Occasionally the vascular channels appear to
be directly lined with tumor cells (82). This may be re-
lated to the production of proteases [urokinase-type
plasminogen activator (u-PA) and matrix metallopro-
teinases (MMPs), which are capable of degrading pro-
teins of the extracellular matrix] by the cells in GCT
that are involved in vascular invasion (33,84,93,102).
Elevated u-PA expression appears to be associated with
increased tumor aggressiveness (33). Bone or osteoid
formation can be seen especially at sites of previous
pathologic fracture or curettage and, occasionally, sur-
rounding a focus of recurrent tumor in the soft tissue.
Vascular invasion has been observed in the tumor pe-
riphery and even in the surrounding soft tissues. How-
ever, no studies have demonstrated a correlation with
clinical behavior or prognosis. Mitoses are always pres-
ent and do not indicate malignancy in GCT. However,
atypical mitoses are not usually found and, if present,
should raise the suspicion of malignancy.

A fibroxanthomatous pattern is sometimes observed
in GCT with only a few scattered giant cells. The pres-
ence of these lipoid-bearing foam cells, particularly in
the vicinity of necrotic foci and with association of fi-
brous tissue, may indicate spontaneous regression and
healing of the tumor (43) or, as others have suggested,
a less aggressive type of tumor (82). When this pattern
predominates, the GCT may be misdiagnosed as be-
nign fibrous histiocytoma. Some authorities, however,
consider the latter lesion to represent merely the end
stage of a burned-out GCT (55).

Attempts to correlate the histologic appearance of
the tumor with its biological behavior have proven un-
reliable and have now been abandoned (35). Histo-
logic classification of GCT into three grades, corre-
sponding to the number and size of giant cells and the
degree of pleomorphism of the mononuclear cells
(grade III being frankly malignant histologically), has
been attempted in the past (44). In this historical classi-
fication, grade I tumor is characterized by a dense layer
of huge giant cells with up to 100 or more nuclei, al-
most covering the tumor tissue proper of mononuclear
cells. Grade II tumor exhibits a considerable reduction
in the size and number of giant cells, and the mononu-
clear cells may be pleomorphic to some degree. In
grade III tumors, the giant cells are further reduced in
number and there is an increase in pleomorphic
mononuclear cells. All three grades may be character-
ized by extended fields with spindle cells and practi-
cally no giant cells. At present, most investigators agree
that grading of GCT is without practical value because
prediction of the evolution of a GCT based on its histo-
logic features is impossible (26,82,94), and histologic
grading has not been shown to correlate with local re-
currence rate or the incidence of pulmonary metas-
tases (19,35,52,74).

Malignant Giant Cell Tumor

Although GCT is usually benign, malignant tumors
have been reported (17,64,77). However, one must be

very cautious in making the diagnosis of malignant
GCT. Several reported cases of “primary” malignant
GCT later proved to be sarcomas rich in multinucle-
ated giant cells of the osteoclast type, such as telang-
iectatic osteosarcomas, giant cell–rich osteosarcomas,
fibrosarcomas, or malignant fibrohistiocytomas (82).
Dahlin and Unni believe that primary malignant GCT
is extremely unusual and that most of these cases actu-
ally represent another type of malignancy arising
within GCT (94). Nevertheless, malignant transforma-
tion may occur spontaneously, after surgery (103), or
after radiation therapy. McGrath (59) divided malig-
nant GCT into three types: (a) primary, in which the
tumor was malignant from the onset (de novo); (b)
evolutionary, in which there was malignant transfor-
mation of originally benign GCT spontaneously or af-
ter multiple surgical resections for recurrent lesions,
or after a long latency period; and (c) secondary, de-
veloping as a result of malignant transformation of an
initially benign tumor after radiation therapy (59). In
the latter group, the majority of sarcomas that occur
are fibrosarcomas, malignant fibrous histiocytomas, or
osteosarcomas (82). Exceedingly rare cases represent
the so-called dedifferentiated GCT, in which there is
the concomitant presence of a typical GCT of bone
juxtaposed to a sarcoma [such as a malignant fibrous
histiocytoma (61)]. Under the heading “Malignancy
in giant cell tumor” the World Health Organization
(WHO) only discriminates between primary malig-
nancy, i.e., sarcomas arising in a GCT, or secondary
malignancy, i.e., sarcomas arising at the site of a previ-
ously documented GCT (17). The diagnosis of malig-
nant GCT requires either a frankly sarcomatous
change in the lesion or a sarcoma arising in the previ-
ous site of a treated GCT (94). The histologic diagno-
sis of malignant GCT is established only when the
stromal cells are frankly sarcomatous, as indicated
by pleomorphism, atypia, and high mitotic activity
(80,103). In addition, areas of typical benign GCT
should be present in the tumor at the time of diagno-
sis (primary malignant GCT), or in tissues taken previ-
ously from the same lesion (secondary malignant
GCT) (41,94). Histologic grading of GCT in an at-
tempt to predict local recurrence and clinical progno-
sis has generally met with little success. Moreover,
there are reports of completely benign-appearing
GCT that were followed by distant metastases to the
lung, having the histologic characteristics of classic
GCT (47,52,66,76,92,94,99).

Differential Diagnosis

Radiology

Various lesions may be mistaken for GCT and, con-
versely, GCT can mimic other lesions that affect the
articular end of a bone (87). Primary ABC rarely af-
fects the articular end of a bone and occurs in a
younger age group. However, after obliteration of the
growth plate at skeletal maturity, this lesion may ex-
tend into the subarticular region of a long bone, be-
coming indistinguishable from a GCT. Occasionally, if
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a fluid-fluid level is demonstrated either on CT or
MRI examination, this feature is more consistent with
ABC (75). However, it should be noted that ABC may
sometimes coexist with other lesions, among them the
GCT. The so-called solid ABC, also referred to as a
giant cell reparative granuloma (GCRG) when affecting
the articular end of bone, may have the same radio-
logic characteristics as a conventional GCT (9,67,70).
Benign fibrous histiocytoma, because of its frequent loca-
tion at the end of a long bone, may appear identical
to a GCT. However, as mentioned earlier, some investi-
gators consider benign fibrous histiocytoma to be an
end stage of a “burned-out” GCT (55). Brown tumor of
hyperparathyroidism is yet another lesion that radiologi-
cally can mimic GCT. However, the former lesion is
usually accompanied by other skeletal manifestations
of hyperparathyroidism, such as osteopenia, cortical
or subperiosteal resorption, resorptive changes at the
distal phalangeal tufts, or loss of the lamina dura of
the teeth (53). Occasionally, an unusually large in-
traosseous ganglion may be mistaken for GCT, although
the former lesion invariably exhibits a sclerotic border
(Fig. 7-11). Some malignant lesions, such as chon-
drosarcoma, may extend into the articular end of the

bone and, particularly without radiographically identi-
fied calcifications, may closely mimic GCT. Myeloma
and a lytic metastasis occupying subchondral segments
of bone can usually be distinguished from GCT with-
out much difficulty (the older age group in which the
latter malignancies usually occur is a helpful hint), al-
though at times the radiographic differences between
the lesions may not be so obvious (Fig. 7-12A,B). Fi-
nally, on rare occasions, fibrosarcoma, malignant fibrous
histiocytoma, and fibroblastic osteosarcoma, because of
their purely lytic radiographic presentation, may ex-
hibit some similarities to GCT.

Figure 7-11 Intraosseous ganglion. Large lytic eccentric le-
sion extending into the articular end of the distal tibia of a 40-
year-old man was originally thought to represent a giant cell
tumor. The biopsy revealed an intraosseous ganglion. Note a
distinct sclerotic border, rarely present in giant cell tumors.

A

B
Figure 7-12 Metastasis. A, B: Osteolytic metastasis from a
renal cell carcinoma into the articular end of the tibia in this
42-year-old woman has an appearance of a giant cell tumor.
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Multicentric GCT should be differentiated from oste-
olytic metastases, myeloma, brown tumor of hyperparathy-
roidism, and multicentric GCRG (20,34,37,51,70).

Pathology

Diagnosis of GCT, with its typical histology and cytol-
ogy of giant cells, usually does not create a problem.
The characteristic radiologic picture of an expansile,
eccentric lytic lesion in the articular end of a long tu-
bular bone adds to the security of the histologic diag-
nosis. For a tumor formerly considered as grade II or
III, diagnosis has been and is still difficult. In such
cases several lesions must be considered in the differ-
ential diagnosis. In the epiphysis, chondroblastoma has
in the past been considered as a cartilage-containing
GCT. However, it can now be easily differentiated from
GCT by the presence of cleaved or indented nuclei
of the mononuclear cells, “chicken-wire”-like calcifica-
tions, and cartilage islands that are only exceedingly
rarely observed in GCT. Another giant cell–containing
epiphyseal lesion, benign fibrous histiocytoma, which
some authors consider to be a burned-out GCT (55),
may create diagnostic difficulties because GCT may
contain areas of storiform and cellular fibrous tissue
intermingled with a few giant cells in a pattern exactly
like that of benign fibrous histiocytoma. However, the
latter tumor does not exhibit broad sheets of polygo-
nal mononuclear cells with heavy interspersal of giant
cells, which is a pattern diagnostic of GCT. It is possi-
ble for certain epiphyseal lesions to be arbitrarily diag-
nosed as GCT or as benign fibrous histiocytoma (30).
Matsuno (55) reclassified three of five epiphyseal le-
sions with the latter diagnosis as being GCT. Clear cell
chondrosarcoma is fairly easy to distinguish from GCT
because it contains clusters of large clear cells (see
Chapter 3).

If the giant cell–containing lesion is located in the
metaphysis and the growth plate is still open, there
are several possibilities in the differential diagnosis.

Nonossifying fibroma and, with a lower probability, fibrous
cortical defect can be considered, but because of their
giant cells arranged in small groups and exhibiting a
resorption activity, and the more or less marked cart-
wheel-like pattern of the spindle-cell stroma, the histio-
cytic character of these lesions becomes obvious. Both
lesions may be characterized by groups of foam cells.
Microscopic fields within GCT may contain spindle
cells, fibrosis, and clumps of foamy macrophages that
cannot be histologically distinguished from nonossify-
ing fibroma (30). In most cases these changes are only
focal and the typical GCT pattern predominates. ABC
can be differentiated because of its more or less large
spaces bordered by flat undifferentiated cells and con-
taining blood, as well as the presence of smaller and
not evenly distributed giant cells, whereas in a true
GCT the giant cells are larger and contain more nuclei
(Fig. 7-13). However, it should be kept in mind that
GCT, like many other tumors, may be associated with
secondary ABC formation, so that constituents of both
lesions may be found. Differentiation is particularly
difficult in so-called solid ABC, also known as GCRG
(9,63,97). This tumor contains giant cells, often in
large numbers, and has a solid component that resem-
bles the spindle-cell variant of GCT. Its smaller size and
the clustered arrangement of the giant cells may assist
in the differential diagnosis. The tissue of GCT usually
contains less fibrosis and is largely composed of sheets
of characteristic mononuclear cells (30). GCRG, on the
other hand, is more fibrotic, and hemorrhage and he-
mosiderin deposition are more prominent. Both le-
sions may exhibit foci of reactive bone formation, but
this is more commonly seen in GCRG (30). Chon-
dromyxoid fibroma is usually not a diagnostic problem be-
cause large areas of the tumor possess typical myxoid
characteristics. Brown tumor of hyperparathyroidism con-
tains numerous giant cells, but these are smaller than
in GCT and, instead of being uniformly distributed, are
usually arranged in groups (Fig. 7-14).

A B
Figure 7-13 Giant cell tumor vs. aneurysmal bone cyst. A: True giant cell tumor is characterized by spindle-cell tissue con-
taining numerous giant cells which are usually larger and contain more nuclei than in aneurysmal bone cyst (hematoxylin and
eosin, original magnification �50). B: In a solid area of an aneurysmal bone cyst the giant cells are smaller and are not evenly
distributed, but instead arranged in groups. In addition, the presence of osteoid (bottom right) and vascular spaces (top)
makes the distinction obvious (hematoxylin and eosin, original magnification �100).
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The differential diagnosis must also consider giant
cell–containing malignant tumors. A particular prob-
lem is that of osteosarcoma with prominent giant cells (so-
called giant cell–rich osteosarcoma), which emphasizes the
fact that GCT is frequently a diagnosis of exclusion. The
histologic examination of some osteosarcomas reveals
that they consist predominantly of large sheets of giant
cells, many or most of which are histologically bland.
Production of osteoid may be minimal, detectable only
by high-power microscopy as fine strands that surround
a population of pleomorphic, mononuclear stromal
cells. These cells may be undetectable at low power.
However, on higher power examination the tissue con-
sists of scattered hyperchromatic cells exhibiting many
atypical mitotic figures. When radiographic studies sug-
gest the presence of matrix production, a permeative
growth pattern, a lesion not extending to the articular
cartilage, or a lesion in a bone with an active growth-
plate, giant cell–rich osteosarcoma should be suspected
and a very careful histologic examination is warranted
(30). By the same token, the giant cell–rich variant
of malignant fibrous histiocytoma should be included in
the differential diagnosis, particularly when irregular
arrangement of the usually smaller giant cells and pleo-
morphism and hyperchromasia of their nuclei are pres-
ent. Telangiectatic osteosarcoma may be difficult to exclude
unless special consideration is given to the conspicuous
pleomorphism of the tumor tissue and the high num-
ber of blood-filled spaces. In all three of these malig-
nant tumors, the usual location in the metaphysis may
be of help in differentiation from GCT, which is usually
located in the articular end of bone.

GCT may occasionally be confused with metastatic
carcinoma containing giant cells. These lesions may con-
tain large numbers of giant cells, indistinguishable
from those of GCT. The thyroid, breast, and pancreas

(79) are the most common primary sites for these giant
cell–rich metastatic lesions. IHC should demonstrate
the epithelial quality of the mononuclear carcinoma
cells and, in the case of thyroid carcinoma, may show
evidence of thyroglobulin production.

As can be seen from this discussion, tumors and tu-
mor-like lesions containing considerable numbers of gi-
ant cells are quite common (Table 7-1). Each of these
must be taken into account and must be differentiated
from true GCT when a giant cell–containing lesion is
under investigation. As shown in Table 7-1, the giant
cells are considered to have different functions. How-
ever, with the exception of tumor giant cells, which are
formed by and belong to the tumor tissue proper, all
are derived from the monohistiocytic branch of
hematogenic stem cells and are very close relatives,
with corresponding enzymatic pathways involved in
their resorptive activity.

The radiologic and pathologic differential diagnosis
of GCT is depicted in Figure 7-15.

Simple Bone Cyst

The simple bone cyst (SBC), also called unicameral
bone cyst, is a tumor-like lesion of unknown cause, at-
tributed to a local disturbance of bone growth
(110,114,122,145). Although the pathogenesis is still
unknown (130,131), the lesion appears to be reactive
or developmental rather than to represent a true neo-
plasm (30). SBC consists of a solitary cavity lined by a
membrane of variable thickness and filled with a clear
yellow fluid (105). It represents approximately 3% of
all primary bone lesions (111).

Until now, only two SBCs have been examined cyto-
genetically, revealing complex clonal rearrangements
involving chromosomes 4, 6, 8, 16, 21, and 12 in one

A B
Figure 7-14 Brown tumor of hyperparathyroidism. A: The loose connective tissue with a group of osteoclasts (upper right
corner) is bordered by immature bone trabeculae made up of woven bone and lined by dense seams of osteoblasts (bottom)
(hematoxylin and eosin, original magnification �100). B: At high magnification there is an obvious difference between these
giant osteoclasts seen in hyperparathyroidism and giant cells of a giant cell tumor (compare with Fig. 7-10) (hematoxylin and
eosin, original magnification �200).
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Table 7-1 Giant Cell Tumor and Lesions Containing Different
Forms of Giant Cells (GC)

Tumor or Tumor-like Lesion Type of Giant Cells

Giant cell tumor of bone Osteoclast-like gigantic GC
Osteoid osteoma Osteoclast GC
Osteoblastoma Osteoclast GC
Aneurysmal bone cyst Osteoclast and resorptive GC
Giant cell reparative granuloma Osteoclast and resorptive GC
Simple bone cyst Osteoclast and resorptive GC
Chondrolastoma "Chondroclast" GC
Chondromyxoid fibroma "Chondroclast" GC
Clear cell chondrosarcoma Osteoclast GC
Giant cell–rich osteosarcoma Tumor and osteoclast GC
Telangiectatic osteosarcoma Tumor GC
Nonossifying fibroma Resorptive GC

(fibrous cortical defect)
Malignant fibrous histiocytoma Tumor GC

(giant cell–rich variant)
Brown tumor of hyperparathyroidism Osteoclast GC
Langerhans cell histiocytosis Histiocytic GC
Paget disease Osteoclast GC

Figure 7-15 Radiologic and pathologic differential diagnosis of giant cell tumor.
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case, and a translocation, (16;20)(p11.2;q13), in the
second case (138,143). In case one, examination of the
fourth recurrence by polymerase chain reaction (PCR)
revealed a TP53 mutation (144).

Clinical Presentation

The SBC is more common in males (3:1) and is usually
detected during the first 2 decades of life (116). About
65% of these cysts occur in teenagers and an additional
20% in the first decade of life (30,135). The vast major-
ity of SBCs are located in the proximal diaphysis of the
humerus and the femur, especially when they occur in
patients younger than 17 years (122,134). The symp-
toms include pain, swelling, or stiffness at the nearest
joint (109). A pathologic fracture is often the first sign
of the lesion (115,120). In fact, this is the most common
complication of SBC and occurs in about 66% of cases.
In older patients, the incidence of involvement of atypi-
cal sites, such as the calcaneus, talus, and ilium, rises sig-
nificantly (117,135) (Fig. 7-16). In these sites the lesion
is usually asymptomatic and is discovered by accident.

Imaging

Radiographically, the appearance of an SBC is that of a
centrally located, well-circumscribed, radiolucent le-
sion with sclerotic margins. The lesion is located within
the metaphysis or diaphysis of a long bone, abutting or
being remote from the cartilaginous growth plate (Fig.
7-17). Epiphyseal extension is unusual (112,118).

The cortex is frequently thinned and cortical expan-
sion may be present, but, unlike the ABC, the width of
the SBC does not exceed the width of the neighboring
growth plate (116). A periosteal reaction is absent un-
less there has been a pathologic fracture, and this fea-
ture distinguishes it from ABC, in which there is almost
invariably some degree of periosteal response. Diagno-
sis is best based on conventional radiographs; conven-
tional tomography and CT are used only exceptionally
in equivocal cases.

Occasionally (in 20% of cases in the experience of
Struhl et al.), one can identify a characteristic “fallen
fragment” sign (128,141). This represents a piece of
fractured cortex that is displaced into the interior of
the lesion, indicating that the lesion is either hollow or
is filled with fluid, as most SBCs are (Fig. 7-18). A vari-
ant of this phenomenon is the “trap door” sign (116)
[also called a “forme fruste” of the fallen fragment by
Reynolds (137)], in which the fragment remains at-
tached to the periosteum but folds inward at the frac-
ture site and floats in the fluid. It is important to obtain
multiple views of the cyst to accurately identify this sign
because a pathologic fracture through a solid lesion
can also produce fragments that appear intramedullary
on one view but are in fact adjacent to the outer cortex
or are located in the soft tissue. Radiographs taken in
both the erect and the recumbent position (133), or
the observation of a movement of the fallen fragment
under fluoroscopy, may demonstrate the free move-
ment of the fragments within the cyst. These signs
permit differentiation of SBC from radiographically
similar radiolucent lesions containing solid fibrous or

Simple Bone Cyst

age: 1-20
M > F

age: > 20
M:F = 1:1

common sites

Figure 7-16 Simple bone cyst: skeletal sites of predilec-
tion, peak age range, and male-to-female ratio. The left
half of the skeleton shows sites of occurrence seen in an
older patient population.
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A B
Figure 7-17 Simple bone cyst. A: Anteroposterior radiograph of the right shoulder in a 6-year-old boy shows the typical
appearance of this lesion. Its location in the metaphysis and the proximal diaphysis of the humerus is also characteristic. The
radiolucent lesion is centrally located and shows pseudosepta. Note the slight thinning of the cortex and lack of periosteal re-
action. B: Anteroposterior radiograph of the left hip of an 11-year-old girl shows characteristic features of a simple bone cyst.
Note the central location, narrow zone of transition, geographic type of bone destruction, pseudotrabeculation, and lack of
periosteal reaction.

cartilaginous tissue, such as ABC, fibrous dysplasia,
nonossifying fibroma, and enchondroma.

CT may be helpful when the appearance of an SBC is
atypical or when the lesion is located in the pelvis. This
modality may also assist in the identification of a fallen
fragment sign (141). Attenuation values of 15 to 20
Hounsfield units have been reported in the center of
fluid-filled cysts (108,117). Skeletal scintigraphy may
demonstrate an increased peripheral uptake around the
cyst and a decreased central activity, although this ap-
pearance is not specific for the SBC (120). Some cysts
may be scintigraphically normal. MRI of a cyst shows the
signal characteristics of fluid: a low to intermediate sig-
nal on T1-weighted images and a bright, homogeneous
signal on T2 weighting (116) (Figs. 7-19 and 7-20).

Histopathology

Histologically, SBC is a diagnosis of exclusion. A vigor-
ous surgical curettage, if the lesion is not simply in-
jected, yields almost no solid tissue, but the walls of the
cavity may show remnants of fibrous tissue or, occasion-
ally, a flattened single-cell lining (Fig. 7-21). Granula-
tion tissue, containing hemosiderin deposits and small

lymphocyte infiltrates, is often present, along with scat-
tered osteoclasts (30). Chemical examination of the
fluid usually identifies an elevated alkaline phosphatase
level (139). Furthermore, a cloudy-appearing, cell-free
material is often found in the loose connective tissue
surrounding the cysts (121). With stains for collagen,
such as van Gieson stain, the material stains strongly
and reveals loose and irregularly arranged fibers. It
therefore cannot be fibrin, which it is considered by
some authors to represent on the basis of hematoxylin
and eosin (H&E) staining (Fig. 7-22).

Differential Diagnosis

Radiology

In a long bone, the main differential diagnosis is an
ABC. The primary differences are that SBC is a centric
solitary lesion, with minimal expansion, invariably lacks
periosteal reaction, and never extends into the soft
tissues. In contrast, an ABC is almost invariably an
eccentric lesion, with a significant blown-up appearance,
and is always accompanied by a solid periosteal reaction
(usually in the form of a buttress) (see Figs. 7-31 to 7-34).
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Figure 7-18 Simple bone cyst: “fallen fragment” sign. A: One of the most common complications of simple bone cyst is
pathologic fracture, as seen here in the proximal humeral diaphysis of a 6-year-old boy. The presence of the “fallen fragment”
sign (arrow) is characteristic for this lesion. B: Anteroposterior radiograph of the right ankle of a 5-year-old boy shows a radio-
lucent lesion in the distal diaphysis of the fibula. There is a pathologic fracture through the lesion and the associated periosteal
reaction. A radiodense cortical fragment in the center of the lesion (arrow) represents the “fallen fragment” sign, identifying
this lesion as a simple bone cyst.

Figure 7-19 Simple bone cyst: magnetic resonance imaging (MRI). A: Anteroposterior radiograph of the right shoulder of a
22-year-old man shows a radiolucent lesion with a narrow zone of transition in the proximal humeral shaft abutting the anatomic
neck. B: On coronal T1-weighted MRI the lesion exhibits homogeneous intermediate signal intensity (continued). 

A B
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Figure 7-19 Continued C: Sagittal T2-weighted MRI
demonstrates homogeneous high signal of the cyst.

C

Figure 7-20 Simple bone cyst: magnetic resonance imaging (MRI). A: Lateral radiograph of the foot of an 18-year-old
man shows a radiolucent lesion with slightly sclerotic border in the calcaneus.

A
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Figure 7-20 Continued B: Sagittal T1-weighted (SE, TR 850, TE 15) MRI demonstrates homogeneous intermediate signal
intensity within the lesion, rimmed by low-signal-intensity sclerotic margin. C: Sagittal STIR MR image shows that the lesion
now is of homogeneous high signal intensity. (From Greenfield GB, Arrington JA. Imaging of bone tumors. Philadelphia: JB
Lippincott, 1995:217, 218.)

B

C
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A B

C

Figure 7-21 Histopathology of simple bone cyst. A: Flat-
tened fibrous lining contains a few bone trabeculae (hema-
toxylin and eosin, original magnification �25). B: At higher
magnification within a fibrous lining several giant cells are
present (hematoxylin and eosin, original magnification �100).
C: High-magnification photomicrograph shows more clearly
the flat fibrous lining with scattered giant cells (hematoxylin
and eosin, original magnification �250).

Figure 7-22 Histopathology of simple bone cyst. The cyst
cavity (left) is bordered by an undifferentiated flat cell layer.
In the loose connective tissue of the cyst wall there are ex-
tended areas of a “cloudy,” loose, collagen-positive material
bordered by some giant cells. Because of its collagenous
characteristics the material cannot be fibrin (van Gieson,
original magnification �25).

Fibrous dysplasia may mimic SBC, but usually it lacks
trabeculation and exhibits a ground-glass, smoky ap-
pearance (see Fig. 4-35A). If a pathologic fracture oc-
curs and the fallen fragment sign can be demonstrated,
a diagnosis of a SBC is usually confirmed.

Nonossifying fibroma can usually be distinguished by
its eccentric location and its well-defined, usually thick,
sclerotic margin (see Fig. 7-44).

Brown tumor of hyperparathyroidism may at times ap-
pear similar to SBC, particularly if it is located in the
proximal humerus or proximal femur. In this situation,
one should look for other features of hyperparathy-
roidism, such as osteopenia and subcortical resorption.
Bone abscess likewise may occasionally mimic SBC, par-
ticularly when it is located in sites of SBC predilection
such as the proximal humerus or the proximal femur.
However, the presence of a periosteal reaction and the
frequent extension of the former lesion beyond the
boundaries of a growth plate are important features in-
dicating a bone abscess (Fig. 7-23).

Exceptionally rare, an intraosseous ganglion may re-
semble SBC (Fig. 7-24).

In the calcaneus, SBC is characteristically located at
the base of the calcaneal neck on the lateral aspect of
the bone, within a particular anatomic structure poor
in trabeculae called Ward triangle. Most of the cysts in
this location have a characteristic shape: the anterior
margin is usually straight and vertically oriented, and
the posterior border is typically curvilinear, paralleling
the trabeculae in the posterior portion of the bone
(104) (Fig. 7-25A, B). In this location, SBC must be dif-
ferentiated from a bone infarct, an ABC, and several
other benign bone tumors (106,136). Here are some
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triangle. In the latter location it probably develops
secondary to other lesions, such as bone infarct or an
intraosseous hemorrhage. Chondroblastoma of the calca-
neus is usually a subarticular lesion and is located in
the subtalar region. It may exhibit a sclerotic, lobulated
margin. Seven percent of chondroblastomas located
in the calcaneus present with punctate calcifications
(126). It is important to remember that Ward triangle
normally contains fatty marrow, and this feature has
been interpreted as an intraosseous lipoma by several
authors (113,124,129). These pseudotumors are usually

Figure 7-23 Brodie abscess. A bone abscess may mimic a
simple bone cyst, as seen here in the proximal humerus of a
12-year-old boy. The periosteal reaction in the absence of
pathologic fracture and the extension of the lesion into the
epiphysis favor the former diagnosis.

Figure 7-24 Intraosseous ganglion resembling a simple
bone cyst. An 18-year-old woman presented with left shoul-
der pain. Anteroposterior radiograph shows a radiolucent,
trabeculated lesion in the glenoid, resembling a simple bone
cyst. Excision biopsy revealed an intraosseous ganglion.

A B
Figure 7-25 Simple bone cyst. Lateral (A) and axial (B) views of the ankle in a 32-year-old man show a radiolucent lesion in
the calcaneus. Typically, bone cysts occurring at this site are located in the anterolateral aspect of the bone.

helpful hints. A bone infarct often exhibits central calcifi-
cations, which are never present in an SBC (Fig. 7-26).
ABC of the calcaneus is more expansive than SBC. The
margin may be either poorly defined or sharp and
thinly sclerotic (125) and is usually located toward the
plantar and posterior aspect of the bone (107,119),
although occasionally it may be found within Ward
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found by serendipity, as they are not symptomatic
(123,140,142) (Fig. 7-27).

Pathology

SBC is a diagnosis of exclusion, and pathologists must
rely on the radiologic examination. In a long tubular
bone the diagnosis is usually readily made. Most prob-
lems occur when the lesion is located in the calcaneus.
In this instance, a bone infarct must be included in the
differential diagnosis (127). The presence of character-
istic microscopic features of dead bone marrow is diag-
nostic for the latter (Fig. 7-28).

If the membrane of the SBC contains giant cells
of the osteoclastic type, ABC may be a consideration.
However, fairly characteristic of SBC is the finding of
focal deposits of an amorphous, fibrillar, cloudy

eosinophilic material that stains strongly for collagen
with special stains. This material resembles osteoid and
may undergo calcification or even ossification (132).

The radiologic and pathologic differential diagnosis
of SBC is depicted in Figure 7-29.

Aneurysmal Bone Cyst

The term aneurysmal bone cyst was first used by Jaffe
and Lichtenstein (122) to describe two examples of
blood-filled cysts in which tissue from the cyst wall con-
tained conspicuous spaces, areas of hemosiderin depo-
sition, giant cells, and occasional bone trabeculae. In a
subsequent publication, Jaffe (176) chose the desig-
nation aneurysmal bone cyst as a descriptive term for
this lesion to emphasize the blown-out appearance.

Figure 7-26 Bone infarct. Radiolucent
lesion in the region of Ward triangle ex-
hibits central calcification resembling sim-
ple bone cyst and intraosseous lipoma.

Figure 7-27 Pseudotumor. Radiolucent
“lesion” in the region of Ward triangle
exhibits no sharp margination, which is
unlike the simple bone cyst, and in addi-
tion shows some bone trabeculae travers-
ing the radiolucent area.
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Although the cause of this lesion is unknown (159),
alterations in local hemodynamics related to venous ob-
struction or arteriovenous fistula are believed to play an
important role (155,191). Some investigators believe
that the lesion is caused by a trauma (130,160,189,198).
Dahlin and McLeod (162) believe that it may be similar
to and related to reactive nonneoplastic processes, such
as GCRG or traumatic reactions observed in periosteum
and bone. ABC constitutes between 2.5% and 6% of the

primary lesions of bone with an incidence of 1.4 per mil-
lion individuals (26,175,180). The lesion may arise de
novo in bone, in which case no recognizable preexisting
lesion can be demonstrated in the tissue, or it may be as-
sociated with various benign (e.g., GCT, osteoblastoma,
chondroblastoma, chondromyxoid fibroma, fibrous dys-
plasia) and malignant (e.g., osteosarcoma, fibrosarcoma,
or chondrosarcoma) lesions (156,177,185,192). The
concept of ABC as a secondary phenomenon occurring
in a preexisting lesion has been proposed by several in-
vestigators (178,181,186,187). Some investigators, how-
ever, regard ABC as a reparative process, probably the re-
sult of trauma or a tumor-induced anomalous vascular
process (168,188). The typical ABC affects the medullary
portion of a long bone (183). ABCs localized to the cor-
tex (151) (see Fig. 7-36A) or in a subperiosteal location
are unusual (158,202). Malignant transformation of
ABC is extremely rare (179), and it is still a controversial
issue. However, recent studies and cytogenetic findings
permit the assumption that at least some ABCs are neo-
plastic in nature. A reciprocal translocation t(16;17)
(q22;p13) has been detected in classic ABCs, as well as in
solid extraosseous variants (163,169,197). Other chro-
mosomal alterations have also been described, often in-
volving chromosome 16 or 17 (149,152). Oliveira et al.
(194,195) demonstrated that the translocation t(16;17)
(q22;p13) initiates a fusion transcript in which the
promoter region of the osteoblast cadherin 11 gene
CDH11 (cloned from human osteosarcoma cell lines
and involved in neoplastic processes) fuses with the en-
tire sequence of the ubiquitin protease USP6 (which may

Figure 7-28 Histopathology of bone infarct. Necrotic rem-
nants of fatty marrow with “oil lakes” (center and left) are seen
in addition to bone trabeculae with empty osteocyte lacunae.
A cell-rich and fiber-rich reparative connective tissue is grow-
ing in (right) (van Gieson, original magnification �12).

Figure 7-29 Radiologic and
pathologic differential diag-
nosis of simple bone cyst.
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be involved in invasion), leading to upregulation of USP6
by the highly active CDH11 promoter. In a molecular cy-
togenetic study, Althof et al. (149) detected abnormali-
ties of the 17p13.2 break-point region by fluorescent in
situ hybridization (FISH) techniques, even in karyotypi-
cally normal ABCs, indicating that the t(16;17) (q22;p13)
translocation may be useful for differential diagnostic
exclusion of other tumors, e.g., telangiectatic osteosar-
coma. In a comparative analysis of 52 primary and 17
secondary ABCs (associated with GCT, chondroblas-
toma, osteoblastoma, or fibrous dysplasia), CDH11 and
USP6 rearrangements have not been detected in second-
ary ABCs, which may indicate that secondary ABCs are
biologically different (reactive) lesions (196).

Clinical Presentation

ABC is seen predominantly in childhood, and 76% of
cases occur in patients younger than 20 years (211).
There is a slight female preponderance (200,209).
The metaphysis of the long bones is the site of
predilection, although the diaphysis, the flat bones,
the short tubular bones (150), and even the spine may
be involved (176) (Fig. 7-30). The pelvis accounts for
about 50% of all flat bone lesions (212). When the
spine is affected, the lesion is usually situated in the
posterior elements (neural arch) (162,176,182), but
the vertebral body may also be affected (209). In this
location, ABC may occasionally cross the interverte-
bral disk to involve more than one vertebra (175).
Lesions in a spinal location often produce clinical
symptoms by compression of adjacent structures (the
spinal cord or nerve roots) or as a result of a patho-
logic fracture (190,191). The most common symptoms
in lesions located in the long tubular bones include
pain and local swelling (161,167,190).

Imaging

The radiographic hallmark of ABC is a multicystic, ec-
centric expansion (blow-out) of the bone, with a but-
tress or thin shell of periosteal response (Fig. 7-31; see
also Figs. 7-32 to 7-34). In the short tubular bones the
lesion may appear more central, destroying the entire
shaft of the bone (166,172). The lesion exhibits a geo-
graphic type of bone destruction with a narrow zone of
transition and often a sclerotic margin (165,205) (Fig.
7-32). Sometimes ridges or trabeculations are observed
within the lesion (Fig. 7-35). Rarely, internal calcifica-
tions may be present (204). A soft tissue extension is
produced by bulging of the periosteum. This periosteal
envelope may or may not be visible on radiography.
The outer shell of bone may be partially absent (172)
but, if seen, the diagnosis can frequently be ascer-
tained. In the vertebral column the posterior elements
are usually affected. Although radiographs are usually
sufficient to evaluate the lesion, other modalities, such
as radionuclide bone scan, CT, and MRI, can be of fur-
ther assistance (Fig. 7-36).

CT is superior to radiography in defining these le-
sions, particularly in areas in which bone anatomy is
complex (e.g., the pelvis). The cortical or periosteal
shell surrounding ABC and its soft tissue extension, as

Figure 7-30 Aneurysmal bone cyst: skeletal sites of
predilection, peak age range, and male-to-female ratio.
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Figure 7-31 Aneurysmal bone cyst. Anteroposterior (A) and lateral (B) radiographs of the right lower leg in an 8-year-old
girl show an expansive radiolucent lesion in the metaphysis of the distal tibia, extending into the diaphysis. Note its eccentric
location in the bone and the buttress of periosteal reaction at the proximal aspect of the lesion.

A B

Figure 7-32 Aneurysmal bone cyst. Anteroposterior (A) and lateral (B) radiographs of the left upper leg of a 17-year-old
girl show a radiolucent lesion in the proximal fibula exhibiting a narrow zone of transition, a sclerotic margin, and a well-
organized periosteal reaction.

A B
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Figure 7-33 Aneurysmal bone cyst (ABC). Anteroposterior
(A) and lateral (B) radiographs of the left proximal tibia of a
10-year-old girl show characteristic appearance of ABC, in-
cluding eccentric location, expansive character, and buttress
of solid periosteal reaction proximally and distally (arrows).

A

B

Figure 7-34 Aneurysmal bone cyst. A large, radiolucent
expansive lesion in the proximal fibula of an 11-year-old girl
reveals a buttress of periosteal reaction (arrows).

Figure 7-35 Aneurysmal bone cyst. Anteroposterior radio-
graph of the right shoulder of a 19-year-old woman shows
an expansive, trabeculated lesion in the right clavicle. Note
also a soft tissue extension.
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Figure 7-36 Aneurysmal bone cyst: scintigraphy and com-
puted tomography (CT). A: Anteroposterior radiograph of
the distal femur of an 8-year-old boy with a 6-month history
of pain in the lower right thigh shows a radiolucent expan-
sive lesion located eccentrically in the femur and buttressed
proximally and distally by a solid periosteal reaction. B: Ra-
dionuclide bone scan obtained after injection of 10 mCi (375
MBq) of technetium-99m-labeled methylene diphosphonate
(MDP) demonstrates increased uptake of radiopharmaceuti-
cal tracer by the lesion. C: CT section shows intracortical lo-
cation of the lesion, which balloons out from the lateral
aspect of the femur but is contained within an uninterrupted
shell of periosteal new bone.

A B

C

well as the sharp interface between the extraosseous
mass and the adjacent tissue planes, are well demon-
strated with this technique (172,203). CT may also show
ridges in the bony walls, described on radiographs as
trabeculation or septation (172), and corresponding to
the ridges found pathologically (Fig. 7-37). Attenuation
coefficient values (Hounsfield units) range from 20
to 78. Fluid-fluid levels can also be demonstrated
(119,171,173,174). These fluid levels are believed to
represent the sedimentation of red blood cells and
serum within the cystic cavities (153,210). To demon-
strate this phenomenon, the patient must remain mo-
tionless for at least 10 minutes before scanning, and
imaging must be performed in a plane perpendicular to
the fluid levels.

Skeletal scintigraphy may occasionally be helpful
because it reflects the vascular nature of the lesion
(173,178). Some investigators have described an in-

creased uptake in a ring-like pattern around the periph-
ery of an ABC (170,173,184,206). Although this phe-
nomenon is not specific for the lesion, because it can
also be observed in SBC, bone infarct, and other lesions
(208), the scintigraphic findings corroborate the radi-
ographic presentation. Hudson (173) found no correla-
tion between the histologic features of the lesion, the
amount and type of fluid contained within the cyst, and
the scintigraphic pattern or intensity of uptake in his ex-
perience with 25 patients with ABC who underwent
skeletal scintigraphy using technetium-99m methylene
diphosphonate (99mTc-MDP) and 99mTc-pyrophosphate.

MRI findings are rather characteristic and usually al-
low a specific diagnosis of ABC (214). These include a
well-defined lesion (Fig. 7-38), often with lobulated con-
tours (191) (Fig. 7-39), cystic cavities with fluid-fluid
levels of varying intensity (see Figs. 7-40E and 7-45B),
multiple internal septations, (see Fig. 7-40C, D), and an
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Figure 7-37 Aneurysmal bone cyst: computed tomography (CT). Lateral (A) and oblique (B) radiographs of the right
ankle of a 24-year-old woman show a radiolucent, trabeculated lesion in the talus. A coronal anterior CT section (C) and a
coronal CT section (D) at the level of the middle facet demonstrate the internal ridges to better advantage.
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Figure 7-38 Aneurysmal bone cyst (ABC): computed to-
mography (CT) and magnetic resonance imaging
(MRI). A: Anteroposterior radiograph of the right knee of a
9-year-old girl shows an eccentric radiolucent lesion in the
medial metaphysis of the tibia abutting the growth plate.
B: Axial CT section shows the pathologic fracture and ex-
tension of the lesion into the soft tissues (arrows), not well
demonstrated on conventional radiography. C: Coronal
T2-weighted MRI shows heterogeneous but predominantly
high signal of the ABC.
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Figure 7-39 Aneurysmal bone cyst: magnetic resonance
imaging (MRI). Sagittal T1-weighted (SE, TR 600, TE 16)
MRI (same patient as in Fig. 7-37) demonstrates a lobulated
low-signal-intensity lesion in the talus. Unlike on computed
tomography examination, the septa are not well delineated.

Figure 7-40 Aneurysmal bone cyst: magnetic res-
onance imaging (MRI). Anteroposterior (A) and
lateral (B) radiographs of the midshaft of the right
femur of a 15-year-old girl show an expansive lesion
arising eccentrically from the medial aspect of the
bone. Note a thin shell of periosteal bone covering
the lesion and a buttress of periosteal reaction at its
proximal and distal extent.

A B

intact rim of low-intensity signal surrounding the lesion
(153,193). This rim has been described as an indicator
of a benign process (213). Occasionally, small
diverticulum-like projections arising in the walls of
the cyst have been observed. The wide range of signal
intensities within the cyst on both T1- and T2-weighted
sequences is probably due to settling of degraded blood
products and reflects intracystic hemorrhages of differ-
ent ages (153) (Fig. 7-40).

Histopathology

Histologically, the lesion consists of multiple blood-
filled spaces alternating with more solid areas
(162,207) (Fig. 7-41). These spaces are lined by a single
layer of flat undifferentiated cells that react negatively
with all endothelial markers (147,148). The solid tissue
surrounding these spaces is composed of fibrous, richly
vascular connective tissue, the blood vessels exhibiting
a progression from small to large caliber (94). Mitotic
figures may be observed in the fibroblasts (146,190).
The fibrous lining contains many giant cells, usually in
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Figure 7-40 Continued C, D: Coronal T1-weighted (SE, TR 600, TE 20) MR images demonstrate heterogeneity of the lesion
and internal septations. E: Axial T2-weighted (SE, TR 2000, TE 90) MRI shows the lesion to exhibit a high signal intensity. A
fluid-fluid level, frequently seen in aneurysmal bone cyst, is well demonstrated (arrows).
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clusters (Fig. 7-42). Furthermore, lamellae of primitive
woven bone may be present in the lining of the cyst as
well as deeper in the connective tissue (Fig. 7-43).
Deposits of iron pigment are a common finding (190).

Differential Diagnosis

Radiology

The conditions that should always be included in the
differential diagnosis at any age are SBC and chon-
dromyxoid fibroma and, after skeletal maturity, when the
lesion extends into the articular end of bone, GCT
(182). The most critical points in differentiation of
ABC from SBC are that the former is an eccentric, ex-
pansive lesion, invariably associated with some degree
of periosteal reaction (usually a solid layer or solid but-
tress), whereas the latter is a centrally located lesion,

showing little if any expansion, and exhibiting pe-
riosteal reaction only when a pathologic fracture has
occurred. In thin bones, such as the ulna, fibula,
metacarpals, or metatarsals, the characteristic eccentric-
ity of ABC may be lost, and, conversely, SBC may
demonstrate expansive features. Because the former
contains solid tissue, whereas SBC is a hollow structure
filled with fluid, a fallen fragment sign (if present) is a
good differential feature, pointing to the latter diagno-
sis. Chondromyxoid fibroma may be indistinguishable from
ABC because both lesions are eccentric, are expansive,
and usually affect the metaphysis, exhibiting a reactive
sclerotic rim and the previously mentioned solid pe-
riosteal reaction (usually in the form of a buttress). CT
and MRI are sometimes effective in making this distinc-
tion if they identify fluid-fluid levels, a phenomenon
that points to the diagnosis of ABC because chon-
dromyxoid fibroma is a solid lesion. In the mature
skeleton, GCT may closely mimic ABC, although it usu-
ally is not associated with a periosteal reaction and
rarely exhibits a zone of reactive sclerosis.

GCRG (so-called solid ABC) may be indistinguishable
from the solid parts of the conventional ABC (37,157).
This lesion, however, unlike true ABC, usually involves
the short tubular bones of the hands and feet
(34,70,97,199). The cortex is thin but is characteristically
intact (164). Extension into the surrounding soft tissues
is distinctly uncommon, and the periosteal reaction is
usually absent (34).

Nonossifying fibroma, if it is predominantly radiolu-
cent and is associated with a cortical expansion (a rare
occurrence) (Fig. 7-44), may resemble ABC (see also
Fig. 4-13). However, the former lesion never exhibits a
periosteal reaction (unless a pathologic fracture has al-
ready occurred).

In smaller bones, such as the fibula, metacarpals, or
metatarsals, ABC due to expansive growth may destroy
the cortex, mimicking an aggressive tumor such as os-
teosarcoma. The less aggressive appearance of ABC in
the small tubular bone of the hand can be mistaken for
an enchondroma (Fig. 7-45).

Figure 7-41 Histopathology of aneurysmal bone cyst. A: Vascular spaces are bordered with solid tissue containing spindle
cells and giant cells (hematoxylin and eosin, original magnification �100). B: In another area blood-filled spaces are separated
by narrow septa containing spindle fibroblasts bordering the vascular spaces with flat undifferentiated cells but without any
blood vessel structures. Newly formed osteoid is also present (lower left) (hematoxylin and eosin, original magnification �50).

A B

Figure 7-42 Histopathology of aneurysmal bone cyst.
Solid areas with densely arranged capillaries contain fairly
large numbers of the giant cells osteoclast type, similar to
those of a giant cell tumor. Here, however, they are grouped
in clusters, are smaller, and are less numerous than in the lat-
ter lesion (hematoxylin and eosin, original magnification
�50).
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Figure 7-43 Histopathology of aneurysmal bone cyst. 
A: Blood cyst (bottom) lined by a seam of flat undifferenti-
ated cells and randomly scattered small giant cells. Noted
above is formation of considerable amounts of primitive
woven bone lined by osteoblasts (hematoxylin and eosin,
original magnification �40). B: Typical lamellar structure
(lower right) is surrounded by fresh blood. Fairly extended
trabeculae of primitive woven bone (red) are seen close to
the surface of the cyst (upper right) (van Gieson, original
magnification �12). C: Solid areas are made up of fibrous
tissue with large amounts of bone formation (red) and
some small cysts (upper right corner). Significant fresh bleed-
ing is present (van Gieson, original magnification �12).

A

B
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Figure 7-44 Nonossifying fibroma. In this 12-year-old boy
a radiolucent trabeculated lesion in the proximal diaphysis of
the right humerus abutting the growth plate was thought to
represent either a simple bone cyst (SBC) or an aneurysmal
bone cyst (ABC). Note, however, the lesion’s eccentric loca-
tion (bulging of the lateral cortex) that speaks against SBC,
and lack of periosteal reaction that militates against ABC. On
biopsy the lesion proved to be a nonossifying fibroma.

Pathology

In the pathologic differential diagnosis of ABC, an es-
sential point to be kept in mind is the fact that, with the
exception of SBC, all other entities to be differentiated
may in fact contain some elements of ABC (secondary
ABC engrafted on the other lesions) (Fig. 7-46). The
most critical issue, however, is to distinguish ABC from
telangiectatic osteosarcoma and from osteosarcoma with
engrafted secondary ABC. In both of these lesions the
presence of pleomorphism and of anaplastic cells is
diagnostic. In telangiectatic osteosarcoma it is crucial
to recognize pleomorphic tumor tissue immediately
bordering the blood-filled cavity. In osteosarcoma with
coexisting ABC, the benign connective tissue border-
ing the cavity of ABC must be distinguished from the
pleomorphic tumor tissue of osteosarcoma. Atypical
mitotic figures are often present in both types of
osteosarcoma, and the osteoid, unlike that in ABC, has
a more irregular, closely packed pattern (164).

So-called solid ABC should also be included in the dif-
ferential diagnosis. The term, coined by Sanerkin et al.
in 1983, is considered to represent a GCRG (67,162,201).
Histologically, this is a predominantly spindle-cell lesion
with a plump fibroblastic proliferation and occasional
mitotic figures (175). The lesion contains a characteris-
tic reticulated, lacy, chondroid-like material, similar to
that seen in conventional ABC but without the typical
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cyst-like cavities (178). Giant cells are numerous but are
smaller and are clustered rather than being in a ran-
domly even distribution, a characteristic feature of GCT
(37). Fibrous cell proliferation is often associated with
strands of irregular islands of osteoid or bone (154).
Although the exact nature of solid ABC and its relation-

ship to the solid areas of a true ABC are still not well un-
derstood (164), recent cytogenetic studies, revealing an
identical t(16;17)(q22,p13) translocation in the classical
and the solid variant of ABC, suggest a common origin
of both lesions (163).

Differentiation from SBC may be a major problem if
only small fragments of the wall are available for
histopathologic diagnosis. The presence of cloudy col-
lagenous material suggests SBC, whereas the presence of
multiple blood-filled spaces suggests ABC. A GCT can
usually be excluded by the lack of the characteristic find-
ings for this neoplasm, i.e., the dual population of cells:
mononuclear stromal cells and evenly distributed giant
cells with a much greater number of nuclei (see previous
discussion). One must remember, however, that there
are cases of ABC containing unusually large numbers of
giant cells with a greater number of nuclei (Fig. 7-47),
and in such a situation there may be a problem in the
histologic differentiation of these two entities.

The radiologic and pathologic differential diagnosis
of ABC is depicted in Figure 7-48.

Solid Variant of Aneurysmal Bone Cyst

In 1953, Jaffe (219) reported on a nonneoplastic
hemorrhagic process in bones, which he termed giant
cell reparative granuloma. Subsequently, Lorenzo and
Dorfman (221) reviewed the published literature up to

Figure 7-45 Aneurysmal bone cyst resembling enchondroma. A: Dorsovolar radiograph of the ring finger of a 6-year-old
boy shows a radiolucent lesion with scalloped borders in the middle phalanx, suggesting a diagnosis of enchondroma. B: Ax-
ial T2-weighted fat-suppressed MRI shows a fluid-fluid level (arrow), inconsistent with a diagnosis of a solid tumor. Excision
biopsy revealed the aneurysmal bone cyst.

A B

Figure 7-46 Osteoblastoma with secondary aneurysmal
bone cyst. In the center of the lesion of osteoblastoma large
blood-filled spaces are bordered by narrow septa of fibrous
tissue with some bone formation (hematoxylin and eosin,
original magnification �25).
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Figure 7-47 Histopathology of aneurysmal bone cyst re-
sembling a giant cell tumor. Solid part of the aneurysmal
bone cyst contains numerous giant cells of osteoclast type
similar to the presentation of a grade 2 giant cell tumor.
Distinction is based on group arrangement of the giant
cells and their smaller size, as well as on the presence of
blood-filled spaces (hematoxylin and eosin, original magni-
fication �50).

Figure 7-48 Radiologic and pathologic differential diagnosis of aneurysmal bone cyst.

1980 and added eight new cases, making reference to
the lesion’s similarity to ABC on the basis of morphol-
ogy and biological behavior. In 1983, Sanerkin et al.
(201) described a lesion they regarded as a “solid” vari-
ant of ABC in which the predominant histology was
that of the solid components of a conventional ABC.
The histopathologic appearance of this lesion was very
similar to that of the lesions described by Jaffe, and by
Lorenzo and Dorfman. At present, the terms “solid
aneurysmal bone cyst” and “giant cell reparative granu-
loma” are used interchangeably. However, although
only one case of GCRG has thus far been analyzed, cy-
togenetic findings [a t(x;4)(q22;q31.3) translocation in
GCRG and a t(16;17)(q22;p13) translocation in solid
ABC] do not support this view (163,216). Both lesions
are considered reactive and nonneoplastic, although
they can lead to a mistaken diagnosis of malignancy.

Clinical Presentation

GCRG occurs in children and adult patients, most
commonly in the second and third decades, with a
mean age of 18 years (218). In the reported cases,
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about 74% of patients were younger than 30 years at
presentation. There is a slight female preponderance
(1.4:1). Although these lesions are seen primarily
in craniofacial and short tubular bones of the hands
and feet (222), they may also occur in the long bones,
such as the femur, tibia, and ulna (215,218,223). Mul-
ticentric presentations have been reported (217). Al-
though the lesions are usually intramedullary, sub-
periosteal locations have been recorded (220). The
patients are usually symptomatic. Some reported his-
tory of previous trauma and painful swelling at the
site of the lesion comprise the most common com-
plaints. Some lesions can be asymptomatic. Recur-
rence after curettage was reported as 23.5% in the
Rizzoli Institute series (215) and 38.8% in the Mayo
Clinic series (222).

Imaging

The radiography of GCRG shows a variably sized
radiolucent lesion, predominantly expansive and fre-
quently multilocular with internal trabeculation. The
lesion’s location is usually eccentric, and it may or may
not extend into the articular end of bone (Fig. 7-49A).
The cortex is thin and is usually intact, although an
aggressive appearance with cortical destruction and
soft tissue extension has been described (215). Lim-
ited matrix mineralization may be present. Pathologic

fractures are rare, and periosteal reaction is unusual.
The appearance on CT is nonspecific, with attenuation
values similar to that of muscle (63). On MRI the le-
sion appears to be solid and exhibits a signal intensity
slightly higher than that of muscle on T1-weighted
images and a heterogeneous, predominantly high sig-
nal on T2 weighting (218) (Fig. 7-49 B, C). Cystic areas
within the lesion and fluid-fluid levels are sometimes
present.

Histopathology

The histologic features of GCRG include a mixture of
collagen, plump bland fibroblasts, and multinucleated
giant cells surrounding foci of hemorrhage. Commonly
observed are foci of osteoid production along hemor-
rhagic foci (Fig. 7-50).

Differential Diagnosis

Radiology

The main differential diagnosis should include con-
ventional ABC, GCT, and enchondroma. ABC should be
considered, particularly in children, when the lesion of
GCRG is eccentric and expansive. Lack of periosteal
reaction favors the latter diagnosis. In addition, MRI
demonstrates a solid lesion, unlike the conventional
ABC, with occasional foci of mineralization. GCT should

A B
Figure 7-49 Solid variant of aneurysmal bone cyst: magnetic resonance imaging (MRI). A: Oblique radiograph of the left
ankle of an 11-year-old girl shows a sharply marginated radiolucent lesion in the metadiaphysis of the tibia. B: On coronal T1-
weighted MRI the lesion exhibits intermediate heterogeneous signal. 
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be considered, particularly in skeletally mature patients,
when the lesion extends into the articular end of the
bone. The presence of a sclerotic margin will favor
GCRG. Conversely, the absence of mineralization of the
matrix will suggest a GCT. Aggressive features of the le-
sion will be more compatible with GCT because aggres-
sive radiologic features are rarely encountered in a

GCRG (215). In the small bones of the hand and feet,
particularly when the lesion is central in location, en-
chondroma should be strongly considered. The presence
of a periosteal reaction without pathologic fracture and
pseudotrabeculation would exclude this diagnosis. In a
subperiosteal location, GCRG should be differentiated
from periosteal chondroma (218).

Pathology

As with the radiologic differential diagnosis, the histo-
logic appearance of GCRG is similar to that of GCT and
ABC. GCT can easily be excluded if a dual population of
mononuclear stromal cells and of uniformly distributed
giant cells, characteristic for this tumor, are not present.
In addition, the tissue of GCT usually exhibits less fibro-
sis, and lacks osteoid formation and mineralization of
the matrix. Moreover, the giant cells of GCRG are
smaller and are not evenly distributed throughout the
lesion as in GCT but instead are arranged in groups
(see Fig. 7-50). Hemosiderin deposition is more promi-
nent in the former lesion. ABC shares many similar his-
tologic features with GCRG, particularly its solid part.
However, it contains a significant number of blood-
filled spaces, a finding that is not present in GCRG. The
other lesions to be considered in differential diagnosis
are brown tumor of hyperparathyroidism and low-grade cen-
tral osteosarcoma. The histologic appearance of the for-
mer condition is similar to that of GCRG. However,
laboratory data (serum calcium and phosphorous lev-
els) will invariably point to the correct diagnosis. Low-
grade central osteosarcoma will exhibit a greater amount of
collagen and bone formation than is seen in GCRG. If
nuclear atypia and atypical mitoses are present, and the
stromal cells invade the marrow spaces and trabeculae
of cancellous and cortical bone, the diagnosis of os-
teosarcoma is certain.

Figure 7-49 Continued C: On axial T2-weighted MRI the
lesion exhibits heterogeneous but predominantly high signal
intensity.

A B
Figure 7-50 Histopathology of solid variant of aneurysmal bone cyst (giant cell reparative granuloma). A: Multinucle-
ated giant cells are accompanied by inflammatory cells and hemosiderin-loaded macrophages in a spindle-cell stroma. Note
irregular bluish chondroosteoid (right, center) (hematoxylin and eosin, original magnification �100). B: At higher magnifica-
tion, observe irregularly distributed giant cells in close proximity to bluish chondroosteoid. Inflammatory cells and spindle-
shaped stromal cells are also present (hematoxylin and eosin, original magnification �200).
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The radiologic and pathologic differential diagnosis
of GCRG is shown in Figure 7-51.

Intraosseous Lipoma

Lipomas can be categorized according to their location
in the bone as intraosseous, cortical, or parosteal le-
sions (224,225,261). In the older (232,259,260,262) 
as well as in more recent (82) publications, in-
traosseous lipoma is considered to be an extremely rare
tumor, although normal fatty tissue is so abundant in
bone. Most cases of so-called intraosseous lipomas were
considered to represent a simple hyperplasia of fat tis-
sue rather than a true tumor (262). Particularly, so-
called vertebral lipomas, which have been found in
0.6% of a large series of autopsy material, are con-
sidered to represent merely foci of fatty marrow
(239,262). Also in the current literature, intraosseous
lipoma is considered to be extremely rare, with an inci-
dence of less than 1 in 1,000 primary bone tumors
(82,230). Fewer than 200 cases have been reported
(229,248,249,256,265).

To date, only one parosteal lipoma has been ana-
lyzed cytogenetically, revealing a t(3;12)(q28;q14)
translocation similar to those observed in subcuta-
neous lipomas, which often show rearrangements of
12q13–15 and chromosome 3 (227,251). These re-
arrangements involve two genes, the HMGIC gene at
12q15 (high-mobility group isoform c gene, a member
of the high-mobility group genes, representing an ar-
chitectural transcription factor), and the LPP gene at
3q27–28 (l ipoma preferred partner gene, believed to
be involved in cell adhesion), leading to a fusion tran-
script, HMGIC/LPP, that can be detected by reverse

transcriptase polymerase chain reaction (RT-PCR)
specifically in lipomas (253).

In recent years, there have been an increasing num-
ber of reports of intraosseous lipoma, particularly that
located in the intertrochanteric and subtrochanteric
regions of the femur and in the calcaneus (113,124,
127,228,249,255). The authors of these publications ap-
parently do not take into account the fact that in de-
scribing lesions in areas scanty of bone trabeculae but
rich in fatty tissue, most of the time they are dealing
with normal bone structures of the particular regions,
known as Ward triangle in the anatomical (235) and in
the radiologic literature (123,226,237,240,243,263).
The calcified lipomas and bone cysts that have been de-
scribed, particularly those located in the calcaneus, are
lesions secondary to an infarct (82) and have probably
developed because of the special anatomic arrange-
ment of the vascular supply in and around the calca-
neus (136,241); they do not represent true tumors.

Clinical Presentation

The tumor has no sex predilection and occurs in pa-
tients from 5 to 75 years old (106,249). It is usually an
asymptomatic lesion, found on radiographic examina-
tions performed for other reasons (250). Some inves-
tigators report a higher incidence of symptomatic
patients (257); however, even when a patient is symp-
tomatic, the symptoms are not necessarily related to
the lesion. In the largest series to date, of 61 in-
traosseous lipomas (249), the most common site was
the inter- and subtrochanteric region of the femur,
followed by the calcaneus, ilium, proximal tibia, and
sacrum (266). As is clear from the previous discussion,
because the intertrochanteric area and Ward triangle

GCT

ABC Enchondroma

GCT

ABC

PATHOLOGY

RADIOLOGY

Periosteal chondroma
(in periosteal location)

Low-grade central
osteosarcoma

Brown tumor of
hyperparathyroidism

SOLID VARIANT OF ABC
(GIANT CELL REPARATIVE GRANULOMA)

Figure 7-51 Radiologic and patho-
logic differential diagnosis of solid
variant of aneurysmal bone cyst
(giant cell reparative granuloma).
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in the calcaneus are inherent sites of a prominent
amount of fatty tissue, the presence of intraosseous
lipomas at these sites must be questioned.

Imaging

Intraosseous lipoma has a rather characteristic radi-
ographic appearance. It is invariably a nonaggressive
radiolucent lesion with sharply defined borders, associ-
ated with thinning and bulging of the cortex particu-
larly in thin bones such as the fibula or rib (231,232,
234,238) (Fig. 7-52). The central calcifications and ossi-
fications described in a very large number of cases
(236,244) invariably represent a sign of fat necrosis that
is seen in an infarct of the fatty marrow. CT may be
helpful in the diagnosis of these lesions because the
Hounsfield units are consistent with fat (254,257). MRI
shows on T1- and T2-weighted images that the lesion
has a signal similar to that of subcutaneous fat
(225,247) (Fig. 7-53). After administration of intra-
venous gadolinium there is no enhancement of the le-
sion (248). MRI is very effective in demonstrating the
exact intraosseous extension of the lesion.

Histopathology

Histologically, intraosseous lipomas are composed of
lobules of mature adipose tissue and are characterized
by the presence of mature lipocytes, which are slightly
larger than nonneoplastic fat cells, in a background
of fibroblasts with occasional foci of fat necrosis
(245,257). A capsule may occasionally encompass all or
part of the tumor mass (246) (see Fig. 7-52C), and in
most cases reported, atrophic bone trabeculae are
found throughout the lesion. In the nontumorous fatty
marrow contained in the previously mentioned seg-
ments in the femur and the calcaneus, infarcts may
arise for yet unknown reasons, although some investi-
gators believe that circulatory abnormalities are the last
link in the pathogenetic chain (258). The necrotic fat
cells may calcify, and then ossify, and secondary bone
cysts may form in the necrotic region (252). Usually,
the calcifications exhibit a birch-broom–like picture,
but dense aggregates of calcification can exhibit a
Liesegang ring–like configuration (234).

Differential Diagnosis

Radiology

Because the MRI appearance of intraosseous lipoma is
so characteristic, with this technique there is essen-
tially no possibility of making a mistake in rendering
this diagnosis (233). The same is true if the fatty mar-
row becomes necrotic such as in medullary bone infarct.
In the latter lesion, however, the necrotic tissue ex-
hibits a characteristic peripheral rim of fibrosis, sepa-
rating the lesion from the viable bone. Occasionally,
however, a secondary cyst may develop in the medullary
bone infarct (252) that may mimic an intraosseous
lipoma(Fig. 7-54). A case of an SBC has recently been
described in which an intraosseous cavity partly filled
with fat after involution of the cyst (264). The imaging

appearance of this fatty replacement within the in-
traosseous defect resembled that of an intraosseous
lipoma. So-called intraosseous lipomas of the calca-
neus usually represent bone infarction, SBC, ABC, or
pseudocyst in the fatty marrow of the normally radiolu-
cent Ward triangle (136).

Pathology

Like the radiologic appearance, the histopathology of
intraosseous lipoma is almost specific. The differential
diagnosis becomes complex if there is a necrosis of the
marrow presenting as a bone infarct, in which case the le-
sions characteristically exhibit necrotic marrow and
empty osteocyte lacunae.

Another differential possibility is intraosseous liposar-
coma. This extremely rare lesion is characterized by the
pleomorphic appearance of the neoplastic cells with
varying degrees of lipogenic differentiation. Signet ring
cells are usually present (224,242), with a large, single
globule of lipid filling the cytoplasm (234). Evidence of
malignancy is the finding of lipoblasts which show a
rather broad seam of cytoplasm with numerous fat
vacuoles and an indented, somewhat hyperchromatic,
nucleus.

The other entities that may be considered in the dif-
ferential diagnosis are either primary or secondary
ABC and SBC. If an ABC or an SBC develops in the area
of bone infarction (252), the primary necrosis of the
bone marrow may be covered by the secondary lesion.

The radiologic and pathologic differential diagnosis
of intraosseous lipoma is depicted in Figure 7-55.

Fibrocartilaginous Mesenchymoma

Fibrocartilaginous mesenchymoma is an extremely rare
tumor composed of two distinct tissues, one benign
and cartilaginous, resembling an active growth plate,
and the other resembling a low-grade fibrosarcoma
(269). Mirra et al. (272) classify this lesion as desmoid
tumor with enchondroma-like nodules. The number
of reported cases is probably less than 20, although
there may exist several unpublished cases (Remagen,
personal communication).

Clinical Presentation

Fibrocartilaginous mesenchymoma has been reported
in patients ranging from 9 to 23 years of age (mean age
13 years). Males are more frequently affected. The le-
sion is located usually in the epiphysis of a long bone,
such as the fibula or humerus. The symptoms usually
indicate a slow-growing tumor. They consist of slight
discomfort and tenderness at the site of the lesion, and
occasionally a palpable mass.

Imaging

On radiography, the lesion is radiolucent with scalloped
borders, extending to or abutting the growth plate. Af-
ter skeletal maturity the lesion may extend into the ar-
ticular end of bone (Fig. 7-56). Occasionally the cortex
is expanded and thinned. The cortex may be invaded,
and in these cases the lesion extends into the soft tissues
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A

C

B

Figure 7-52 Intraosseous lipoma. A: Anteroposterior radiograph of the left ankle shows a radiolucent lesion in the distal
fibula exhibiting expansive character, thinning of the cortex, and central calcifications. (Reprinted from Bullough PG. Atlas of
orthopedic pathology, 2nd ed. New York: Gower, 1992:16.20.) B: Lateral radiograph of the knee of another patient with in-
traosseous lipoma shows a radiolucent sharply defined lesion in the proximal tibia. C: Gross anatomic specimen of the tibia
shows the lesion surrounded by a thin fibrous capsule. D: Whole-mount section shows replacement of trabecular bone by
lipoma exhibiting central flocculent calcifications (upper right) (toluidine blue).

D
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A B

C D
Figure 7-53 Intraosseous lipoma: magnetic resonance imaging (MRI). A: Anteroposterior radiograph of the right ankle in
a 42-year-old man shows a radiolucent lesion in the distal tibia sharply delineated by a thin sclerotic margin (arrows). B: On
the lateral radiograph there is a suggestion of a faint calcific body in the center of a radiolucent lesion (arrowhead). C: Coronal
T1-weighted (SE, TR 685, TE 20) MRI demonstrates the lesion to be of a high signal intensity paralleling that of subcutaneous
fat. A small focus of low signal is present within the lesion (arrowhead). D: Axial T2-weighted (SE, TR 2000, TE 70) MRI shows
that the lesion becomes of lower intensity, again paralleling the signal of subcutaneous fat.
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Figure 7-54 Cyst formation in bone infarction. Anteropos-
terior radiograph of the left humerus in a 31-year-old woman
shows an expansive radiolucent lesion in the proximal shaft
with central calcifications typical for bone infarction and a
rim of reactive sclerosis. (Courtesy of Dr. Alex Norman, New
York, New York)

Figure 7-55 Radiologic and patho-
logic differential diagnosis of in-
traosseous lipoma.
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(Fig. 7-57). This can be effectively demonstrated with
CT and MRI. Although a periosteal reaction is usually
absent, when present it is sparse and of benign appear-
ance. The tumor may contain visible calcifications typi-
cal of cartilaginous matrix (see Fig. 7-57B).

Histopathology

By microscopy, the lesion is composed of a tissue made
up of intersecting bundles of spindle cells and collagen
fibers. The tissue is fairly cellular, the nuclei are plump,
and there is evidence of pleomorphism and hyperchro-
matism, with occasional mitotic figures (269). Superim-
posed on this background are well-defined islands of
obviously benign cartilage, varying in density from case
to case, from a cartilage island here and there to
densely packed, bowed bands of cartilage that resemble
the epiphyseal growth plate, with characteristic gradual
columnation, cellular hypertrophy, and endochondral
ossification (269) (Fig. 7-58). On H&E staining, this
gives the tumor a very typical “shrimp cocktail” appear-
ance, with the white cartilage (“shrimps”) lying in the
red spindle-cell tumor (“sauce”) (Fig. 7-59). In other
cases, the cartilage more closely resembles the islands of
an enchondroma. Furthermore, variable amounts of
detached trabeculae of woven bone similar to fibrous
dysplasia may be found (Fig. 7-60). Therefore, these cases
are considered to be an entity of their own, related to fi-
brous dysplasia and called “fibrocartilaginous dysplasia”
(267,271). However, we have observed at least one case
where fibrous dysplasia–like structures were combined
with the presence of epiphyseal plate–like cartilage, not
allowing that distinction (Remagen, unpublished ob-
servations, 1997). In its first description, the  tumor was
named fibrocartilaginous mesenchymoma with low-

grade malignancy (270). However, because metastases
have never been observed thus far, the group at the
Mayo Clinic later deleted that addition (268), calling it,
simply, fibrocartilaginous mesenchymoma.

Differential Diagnosis

Radiology

Because the lesion is metaphyseal and often arises in a
growing skeleton, benign lesions such as ABC and chon-
dromyxoid fibroma should be included in the differential
diagnosis. After obliteration of the growth plate, GCT
and chondrosarcoma must be considered. Other tumors
that may have a similar appearance include desmoplastic
fibroma, fibrosarcoma, malignant fibrous histiocytoma, and
osteosarcoma.

Pathology

The histologic differential diagnosis must include fi-
brosarcoma, chondrosarcoma, particularly mesenchymal
and dedifferentiated variants, fibrocartilaginous dysplasia
(fibrous dysplasia with cartilaginous metaplasia), and
desmoplastic fibroma (Fig. 7-61).

The presence of the benign cartilaginous compo-
nent allows differentiation from fibrosarcoma. This
is also true for chondrosarcoma and the listed vari-
ants. In fibrous dysplasia, the spindle-cell stroma has
a benign aspect and the cartilaginous component
resembles an enchondroma, in contrast to fibrocarti-
laginous mesenchymoma, in which the cartilaginous
component resembles the growth plate.

The radiologic and pathologic differential diagnosis
of fibrocartilaginous mesenchymoma is depicted in
Figure 7-62.

A B

Figure 7-56 Fibrocartilaginous
mesenchymoma. Anteroposterior
(A) and lateral (B) radiographs of
the right knee of a 23-year-old
man show a radiolucent trabecu-
lated lesion in the proximal tibia,
bulging the anterolateral cortex
and extending into the articular
end of the bone.
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Figure 7-57 Fibrocartilaginous mesenchymoma: computed tomography (CT) and magnetic resonance imaging (MRI).
A: Oblique radiograph of the left knee of a 14-year-old boy shows an osteolytic trabeculated lesion in the distal femur abut-
ting the growth plate. The lateral cortex is destroyed. B: CT section through the tumor shows destruction of the posterolateral
cortex and a large soft tissue mass containing calcifications. C: Coronal T1-weighted MRI shows heterogeneous signal of the
tumor that violated the growth plate and extended into the distal femoral epiphysis. D: Axial T1-weighted MRI shows de-
struction of the cortex and a large soft tissue mass of intermediate signal. Calcifications within the mass display a low signal in-
tensity. E: On axial T2-weighted MR image the tumor becomes of high signal intensity. Pseudoseptation of the mass and its
heterogeneous character are well demonstrated.

Figure 7-58 Histopathology of fibrocartilaginous mes-
enchymoma. Typical aspect of the tumor consists of two
components: cartilage structured similar to the growth
plate, and surrounding spindle-cell tissue exhibiting subtle
to moderate pleomorphism and some collagen formation
(van Gieson, original magnification �12).

Figure 7-59 Histopathology of fibrocartilaginous mes-
enchymoma. Numerous curved cartilage particles lie in
scanty spindle-cell tissue, giving the tumor a “shrimp cock-
tail” appearance (hematoxylin and eosin, original magnifica-
tion �0.2).

430

5480_Greenspan_Ch07p387-457.qxd  7/20/06  7:23 AM  Page 430



CHAPTER 7 Miscellaneous Tumors and Tumor-like Lesions — 431

Figure 7-60 Histopathology of fibrocartilaginous mes-
enchymoma. In the areas free of cartilage the tumor resem-
bles fibrous dysplasia because of formation of deformed
Chinese character–like immature bone trabeculae (van
Gieson, original magnification �12).

Figure 7-61 Histopathology of fibrocartilaginous mes-
enchymoma. In the areas free of cartilage and bone the
tumor clearly resembles a desmoplastic fibroma; however,
pleomorphism of the cells and nuclei is more pronounced
(hematoxylin and eosin, original magnification �10).

Figure 7-62 Radiologic and pathologic differential diagnosis of fibrocartilaginous mesenchymoma.
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Malignant Tumors

Adamantinoma of Long Bones

Adamantinoma is a rare malignant tumor, comprising
about 0.4% of all bone tumors. It is characterized by the
formation of apparently epithelial cells surrounded by a
spindle-cell fibrous tissue (82,290). The tumor owes its
name (given by Fischer in 1913) to its close morphologic
resemblance to ameloblastoma of the jaw, which
formerly was called adamantinoma (the name was later
changed because no adamantine enamel is produced
by the tumor cells) (283). The histogenesis of adaman-
tinoma has long been debated. A number of authors
have advocated an endothelial (291,299) or epithelial
(306,314) derivation. However, recent advances in elec-
tron microscopy and IHC have provided strong evidence
in support of an epithelial origin (290,293,312).

Clinical Presentation

Adamantinoma occurs with equal frequency in males
and females between the second and fifth decades and
has a predilection for the tibia in 90% of cases (275).
Rarely, it can involve the fibula (304), the humerus, or
the ulna (Fig. 7-63). The lesion is usually confined to
the middle or distal third of the tibia, but a simultane-
ous occurrence in tibia and fibula has occasionally
been reported (280,314). A history of trauma is ob-
tained in approximately two thirds of cases (312,314).
The most common presenting complaint is local-
ized swelling or enlargement of the affected bone
(302,303). Pain is mild at onset and becomes more se-
vere as the size of the lesion increases. Physical exami-
nation notes a firm, tender mass or swelling, usually
affixed to the underlying bone (305).

Imaging

The radiographic appearance of adamantinoma is that
of well-delineated, elongated osteolytic defects of vari-
ous sizes, separated by areas of sclerotic bone, occasion-
ally having a soap-bubble appearance (Fig. 7-64A). A
saw-toothed area of cortical destruction, when present,
is quite distinctive for this tumor (Fig. 7-64B). One
study noted that 80% of all lesions were greater than 5
cm in length (296). At times, the entire bone is in-
volved by multiple satellite lesions. Some long-standing
lesions may exhibit a more sclerotic, ground-glass ap-
pearance and therefore can be confused with fibrous
dysplasia (Fig. 7-65). Occasionally, adamantinoma man-
ifests as a single, large lytic lesion in the cortex, which
expands and destroys the cortex and produces a soft tis-
sue mass (116).

On MRI examination, a hypointense (compared to
the normal bone marrow) signal on T1-weighted images
and a hyperintense signal on T2-weighted images are
noted. After intravenous administration of gadolinium-
diethylenetriamine-penta-acetic (Gd-DTPA), some inves-
tigators reported no significant enhancement of the
lesion (319), whereas others (315) noted intense en-
hancement. The main purpose of MRI is not to diagnose
the tumor but to determine the extent of intraosseous
and extraosseous involvement (116).

Adamantinoma

age: 20-60
F = M

common sites

less common sites

Figure 7-63 Adamantinoma: skeletal sites of predilec-
tions, peak age range, and male-to-female ratio.
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A B
Figure 7-64 Adamantinoma. A: Lateral radiograph of the left leg in a 64-year-old woman shows a destructive lesion in the
midshaft of the tibia. The lesion is multiloculated and slightly expansive, with mixed osteolytic and sclerotic areas creating a
soap-bubble appearance. B: Lateral radiograph of the right leg of a 28-year-old woman shows multiple, confluent lytic lesions
involving almost the entire tibia. The articular ends are spared. The anterior cortex exhibits a predominantly saw-tooth type of
destruction.
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Scintigraphy invariably reveals an increased uptake
of the radiopharmaceutical tracer (298,312) (Fig. 7-66).

Histopathology

Histologically, the tumor is biphasic and consists of an
epithelial component intimately admixed in various
proportions with a fibrous component (Fig. 7-67A)
(309,317). The epithelial component, usually consist-
ing of islands of polyhedral cells in pavemented nests
or in gland-like spaces, exhibits peripheral nuclear pal-
isading and a looser, myxoid inner zone that resembles
the stellate reticulum of odontogenic tissue. The pal-
isading and columnar arrangement of the peripheral
cells, accompanied by stellate central cells, somewhat
resembles an ameloblastoma of the jaw (273) (Fig. 
7-67B). Epithelium-like cells may have a variety of pat-
terns (Fig. 7-67C,D). There are four classic forms,
found in a variety of combinations: tubular, spindle,
squamous, and basaloid, as well as a fifth form that is
termed an osteofibrous dysplasia (OFD)–like pattern
because of its similarity to OFD (281,286,290,310). The
latter may contain only small clusters or even single dis-
persed epithelial cells (316). The cells of adamantin-
oma are strongly marked by antibodies to keratin (Fig.
7-67E,F), an IHC property that helps to distinguish this

tumor from other similar lesions, such as OFD, fibrous
dysplasia, or nonossifying fibroma (293,316). In partic-
ular, the differentiation between OFD-like adamantin-
oma and OFD is often impossible without cytokeratin
IHC. Squamous metaplasia is sometimes present and, if
extensive, the lesion may be erroneously interpreted as
a metastasis of a squamous cell carcinoma. The fibrous
component consists of spindle cells, which usually ex-
hibit only slight atypia. The epithelial spaces and
stroma sometimes become highly vascularized, and the
lesion may resemble a vascular neoplasm. However, ul-
trastructural and IHC evidence points toward an ep-
ithelial nature of adamantinoma (282,297,306,307,
318). A coexpression of �–smooth muscle actin and cy-
tokeratins in epithelial tumor cells has been described
in some cases (293). The lesion may contain spicules of
bone and may exhibit cystic cavities that contain blood
or a straw-colored fluid (116).

A relationship of adamantinoma to OFD (Kempson-
Campanacci lesion) and fibrous dysplasia has been sug-
gested by some investigators because adamantinoma
may contain a fibroosseous component that, on patho-
logic examination, resembles both fibrous dysplasia
and OFD (281,286,292,294,310,311,313,317). Cytoge-
netic studies have provided evidence that similar clonal
aberrations (trisomies 7, 8, and 12) exist in OFD and
adamantinoma and are distinct from those described
in one case of fibrous dysplasia (277,289). Czerniak et
al. (281) suggested that classical adamantinoma may
regress by a reparative process with OFD-like features
leading to OFD-like or, as they termed it, differentiated
adamantinoma. However, other authors have regarded
OFD as a precursor lesion of adamantinoma on the ba-
sis of clinical course and of molecular and IHC analyses
(276,285,286,300,310). Kanamori et al. (295) demon-
strated that genetic aberrations in adamantinomas are
more complex than those in OFD, possibly indicating a
progression from OFD to adamantinoma. In addition,
Hazelbag et al. (288) suggested that epithelial cells in
adamantinoma may transform from osteofibrous tissue,
based on an analysis of extracellular matrix (ECM)
components. This view was supported by Maki and
Athanasou (300), who analyzed factors involved in the
mesenchymal–epithelial transition. Bovée et al. (276)
demonstrated proliferative capacity only in the epithe-
lial parts of classic and OFD-like adamantinomas but
not in the stromal component. Furthermore, TP53
aberrations and DNA aneuploidy were restricted to the
epithelial component of all investigated adamantino-
mas. These features are obviously responsible for the
malignant behavior of the tumor. Despite these find-
ings, it is still difficult to imagine how an epithelial neo-
plasm might arise as a primary in bone.

Differential Diagnosis
Radiology

The main differential diagnosis includes fibrous dys-
plasia, OFD, and osteomyelitis. Fibrous dysplasia is less
aggressive looking and, unlike adamantinoma that
predominantly involves the anterior cortex, the for-
mer is more centric in location. Moreover, osteolytic

Figure 7-65 Adamantinoma. A single, predominantly scle-
rotic lesion in the midshaft of the tibia of this 20-year-old man
was thought to represent fibrous dysplasia. A biopsy revealed
adamantinoma.
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Figure 7-66 Adamantinoma: scintigraphy. A: Anteroposterior radiograph of the left leg in a 46-year-old woman shows mul-
tiple radiolucent lesions in the midshaft of the tibia. The lateral cortex is slightly thickened. B: Lateral radiograph shows a
mixed sclerotic and osteolytic lesion predominantly affecting the anterior tibial cortex. Frontal (C) and lateral (D) radionu-
clide bone scans obtained after injection of 20 mCi (740 MBq) of 99mTc-labeled methylene diphosphonate (MDP) show
markedly increased uptake of radiopharmaceutical tracer in the lesion.

A B

C D
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A B

C D

FE
Figure 7-67 Histopathology of adamantinoma. A: Admixed within a spindle-cell fibrous stroma is an island of small epithe-
lial cells containing an extended area of squamous cell metaplasia (hematoxylin and eosin, original magnification �50). B: In
another field of view, observe ameloblastoma-like areas with peripheral palisading of epithelial tumor cells (hematoxylin and
eosin, original magnification �200). C: In another area observe the spindle-cell pattern (hematoxylin and eosin, original mag-
nification �200). D: At high power, tumor cells are densely packed and exhibit oval to spindle-shaped nuclei (hematoxylin
and eosin, original magnification �400). E: Epithelial tumor cells are positive for cytokeratins [peroxidase-antiperoxidase (PAP)
method, original magnification �200]. F: Densely packed spindle-shaped tumor cells are positive for cytokeratin 5 (PAP
method, original magnification �200).
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cortical defects are almost never encountered in fi-
brous dysplasia (301).

OFD is a lesion of infancy and childhood, whereas
adamantinoma [with a few exceptions (319)] is never
seen before skeletal maturity. The lesion of OFD is usu-
ally well defined, without the destructive features of
adamantinoma, although, albeit rarely, larger lesions
may destroy the cortical bone and invade the medullary
cavity (see Fig. 4-50).

Osteomyelitis of the tibia may at times be difficult to
distinguish from adamantinoma. The presence of a pe-
riosteal reaction and sequestra in the former may point
to the correct diagnosis (Fig. 7-68).

Nonossifying fibroma is a lobulated, well-demarcated
lesion with a sclerotic border, showing no evidence of
cortical invasion, whereas a fibrous cortical defect, when it
reaches the zone of metaphyseal diminution, may
mimic a small focus of adamantinoma.

Desmoplastic fibroma may present as an aggressive le-
sion. It frequently exhibits internal septation or trabec-
ulation, features not typical of adamantinoma.

Very small intracortical lesions may occasionally
mimic a Brodie abscess, osteoid osteoma, or even a stress
fracture (319).

Pathology

The most important point is to distinguish this lesion
from OFD (279). The latter lesion does not possess the
epithelial component within the fibro-osseous stroma
that is characteristic of adamantinoma. Immunohisto-
chemically, OFD, in contrast to adamantinoma, does
not show any keratin-positive cells. However, more
problems are encountered in distinguishing so-called
OFD-like adamantinoma from conventional OFD
(310). Moreover, in recent years, patients have pre-
sented with lesions that contained foci of epithelial tis-
sue corresponding to adamantinoma within areas of
OFD (274,281) (Fig. 7-69). Czerniak et al. (281) have
termed such lesions “differentiated (regressing)
adamantinomas.” According to these authors, features
characteristic of differentiated adamantinomas include
onset during the first 2 decades of life, an exclusively
intracortical location, uniform predominance of OFD,
and scattered foci of cytokeratin-positive epithelial ele-
ments that are identical to those observed in classic
adamantinoma. Other authors, however, question this
concept because recurrences of OFD-like adamantin-
oma may progress to classic adamantinoma and may
even metastasize (287,290). According to the WHO, cy-
tokeratin-positive epithelial cells in a lesion with OFD-
like features should lead to the diagnosis of OFD-like
adamantinoma (316).

Fibrous dysplasia and nonossifying fibroma can usually
be excluded by the immunohistochemical demonstra-
tion of the epithelial component of adamantinoma,
which may consist of a very few epithelial cells or very
small islands looking like blood vessels but which are
positive for keratin markers (308).

If squamous metaplasia is present, and particularly if
it is extensive, adamantinoma may be mistaken for
squamous cell carcinoma. This is the only differential in

which the epithelial and keratin markers are not help-
ful. In such cases, the absence of the fibrous stroma,
the age of the patient, and radiologic differences
should be considered.

Rarely, a Ewing sarcoma may be cytokeratin-positive
(“adamantinoma-like Ewing sarcoma”), a point that
raises differential diagnostic problems. However, Ewing
sarcomas are positive for cytokeratins 8 and 18, which
are consistently lacking in adamantinomas. In addition,
the typical Ewing fusion transcripts EWS/FLI1 and
EWS/ERG are absent from adamantinoma (278,284).

The radiologic and pathologic differential diagnosis
of adamantinoma is depicted in Figure 7-70.

Chordoma

Chordoma is a rare malignant bone tumor that arises
from developmental embryonic remnants of the noto-
chord (which disappears during the second month of
embryonal life) (373). This tumor is characterized by a
lobular arrangement of the tissue with vacuolated so-
called physaliphorous cells and mucoid intercellular
material (346,380). Chordoma accounts for about 1%
of all malignant bone tumors. The tumor occurs only at
sites in which notochordal remnants are not normally
present. Therefore, although it is a midline lesion of
the axial skeleton, it never occurs in the nuclei pulposi.

Genetically, most of the investigated chordomas are
hypodiploid or diploid with chromosome segments
1p31-pter, 3p21pter, 3q21-qter, 9p24-pter, and 17q11-qter
most often affected. Gains of chromosomes 5q, 7q, and
20 have been reported by comparative genomic
hybridization (CGH) investigation. A putative tumor
suppressor gene was suspected at 1p36 in familial and
sporadic chordomas by LOH analysis (359,361). In
clivus chordomas, expression of the mRNA of human
telomerase reverse transcriptase (an enzyme involved in
telomere lengthening and thus in “immortalization” of
cells) is correlated with fast tumor growth rates (363).

Clinical Presentation

The lesion is most frequently discovered between the
fifth and seventh decades (mean age 56 years) and
males are more commonly affected (M/F ratio 2:1)
(343). The predilection of chordoma for the spinal axis
is well documented (331–333). The three most com-
mon sites for this tumor are the sacrococcygeal area
(55%), the sphenooccipital area, mainly the clivus
(35%) (347), and the second cervical vertebra (8%)
(Fig. 7-71). Chordoma is a locally aggressive lesion
(321,342,343). In most series reported, metastases oc-
curred usually late in the course of the disease (322).
The incidence of reported distant metastases ranges
from 10% to 43% (345). Because chordoma usually
grows slowly, often the symptoms have been present for
a year or more (344). The symptoms are closely related
to the location of the lesion. The usual presenting com-
plaint is sharp or dull pain affecting the lower back
or the cervical spine, sacrum, or coccyx (323). Spheno-
occipital lesions give rise to headache, cranial nerve
palsies, and signs of endocrine dysfunction caused by
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Figure 7-68 Osteomyelitis resembling adamantinoma.
Anteroposterior (A) and lateral (B) radiographs of the
right leg of a 55-year-old man with chronic bone infec-
tion show sclerotic changes of the proximal tibia and
thickening of the anterior cortex that mimics adamantin-
oma. Sagittal T1- (C) and T2-weighted (D) magnetic
resonance images (MRI) demonstrate small sequestra
and intraosseous sinuses characteristic of osteomyelitis.

C D
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Figure 7-69 Histopathology of adamantinoma with osteofibrous dysplasia–like component. A: Resected fragment of the
anterior tibia shows irregular thickening and thinning of the cortex associated with metaplastic new bone formation (hema-
toxylin and eosin, reduced scale). B: Fibrous tissue of various density contains an island of adamantinoma (middle third). Meta-
plastic new bone formation (lower right) is seen; note also the inner limit of cortical bone with signs of remodeling (right) (hema-
toxylin and eosin, original magnification �16). C: At higher magnification the tubular and solid structures of epithelial cells are
conspicuous. Slight hyperchromatism and pleomorphism of the nuclei are present. Some capillaries (right middle and top) have
to be differentiated from the epithelial structures (hematoxylin and eosin, original magnification �200). D: Immunocytochemi-
cal marking of epithelial cells (brown) with a panepithelial marker displays groups and single positive cells (lower right) lying in the
fibrous tissue [pan-cytokeratin antibody Lu5 peroxidase-antiperoxidase (PAP) method, original magnification �100].

Figure 7-70 Radiologic and pathologic
differential diagnosis of adamantin-
oma.
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compression of the pituitary gland (365). Lesions of
the cervical vertebrae usually cause cord compression.
Lesions of the sacrococcyx produce increasing lower
back pain, anorectal or bladder dysfunction, and pares-
thesias (336,366).

Imaging

The radiographic appearance of chordoma is that of a
highly destructive, expansive lytic lesion, with irregular
scalloped borders and occasionally with matrix calcifi-
cations, which are probably caused by extensive tumor
necrosis (370) (Figs. 7-72 and 7-73). Sclerosis of the tu-
mor edges may be observed, and a pathologic fracture
is often present (362). Soft tissue masses are commonly
associated with the lesion (337).

Although conventional radiography, including
tomography, delineates the tumor well, CT and MRI
are important to demonstrate the soft tissue extension,
and myelography often demonstrates an invasion of
the spinal canal (381). CT can reveal the extent of
bone destruction, the presence of a soft tissue mass,
growth within the spinal canal, and invasion of adjacent
structures (348,357). The MRI characteristics (372),
which include a low or intermediate signal intensity on
T1-weighted images and a high signal on T2-weighted
images (328), are not specific for chordoma (362,367).
However, a very high signal intensity on T2 weighting,
combined with a lobulated appearance of the tumor,
suggests the diagnosis of chordoma (Fig. 7-74).

Scintigraphy reveals an increased uptake of radio-
pharmaceutical tracer around the periphery of the tu-
mor. Areas of abnormally decreased activity due to
complete replacement of bone by the tumor may also
be observed (345). Lack of uptake of the tracer within
the tumor itself is probably secondary to the absence of
vascularity and the lack of ossification (345).

Histopathology

Chordoma may demonstrate considerable variations in
its histologic appearance (327,329,364). Apart from the
degree of differentiation, the histology is also deter-
mined by the extent of anaplasia. At present, on the ba-
sis of microscopic appearance, the tumor is divided
into three subtypes: conventional, chondroid, and de-
differentiated (336).

Conventional chordoma microscopically resembles
the fetal notochord. The tumor consists of cord-like
arrays and lobules of large polyhedral cells with a vac-
uolated cytoplasm and vesicular nuclei (Fig. 7-75A–C),
referred to as physaliphorous (from Greek for “bub-
ble-bearing”) (341). The vacuoles contain a mucinous
substance with neutral mucopolysaccharides (320,362)
and a mixture of weakly sulfated and carboxylated gly-
coproteins (376). The mucinous material is either se-
creted into the intercellular space or freed on the
death of cells. In addition, cells of the signet ring type,
in which the nucleus is displaced to one side by one or
two vacuoles, are also observed (346). Some cells have
an eosinophilic, nonvacuolated cytoplasm (336). Nu-
clear pleomorphism is usually mild, and mitotic fig-

Figure 7-71 Chordoma: skeletal sites of predilection,
peak age range, and male-to-female ratio.
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B
Figure 7-72 Chordoma. A: Destructive osteolytic lesion in the lower sacrum, with scalloped borders and amorphous
calcifications in the tumor matrix, is seen in this 60-year-old woman. B: CT shows extensive bone destruction and a large soft
tissue mass.
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Figure 7-73 Chordoma. Open-mouth anteroposterior con-
ventional tomography of the cervical spine of a 52-year-old
man demonstrates an osteolytic lesion in the body of C2 ver-
tebra (arrows), destroying the left pedicle (open arrow).

Figure 7-74 Chordoma: computed tomography (CT) and magnetic resonance imaging (MRI). A: Anteroposterior radio-
graph of the pelvis of a 68-year-old woman shows a destructive lesion in the middle and lower part of the sacrum associated with
a soft tissue mass. 
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Figure 7-74 Continued B: CT section demonstrates the low-attenuation tumor destroying the sacral bone (arrows). C: Axial
T1-weighted (SE, TR 600, TE 20) MRI shows a large, heterogeneous tumor mass displaying predominantly intermediate signal
intensity with areas of higher signal probably representing hemorrhage (arrows). D: Sagittal T1-weighted (SE, TR 650, TE 20)
MRI shows the extraosseous extension of the tumor mass. E: On the sagittal T2-weighted (SE, TR 2000, TE 90) image the lob-
ulated tumor displays a high signal and shows a great deal of heterogeneity. (Reprinted from Greenfield GB, Arrington JA.
Imaging of bone tumors. Philadelphia: JB Lippincott, 1995:149–150.)

5480_Greenspan_Ch07p387-457.qxd  7/20/06  7:23 AM  Page 443



444 — Differential Diagnosis in Orthopaedic Oncology

Figure 7-75 Histopathology of chordoma. A: Cords and
clusters of large polymorphous cells contain an eosinophilic cy-
toplasm and large roundish slightly pleomorphic nuclei. Be-
tween the cells a faintly pale amorphous mass represents
mucus extruded by the cells (hematoxylin and eosin, original
magnification �50). B: At higher magnification some of
the large cells show vacuoles, giving rise to the typical
physaliphorous appearance (upper half ). The pleomorphism of
the large dark nuclei is obvious (hematoxylin and eosin, original
magnification �200). C: High magnification photomicrograph
shows the large variegated and vacuolated physaliphorous cells
characteristic of chordoma (hematoxylin and eosin, original
magnification �400). D: Chordoma cells are positive for pan-
cytokeratins (biotin-streptavidin peroxidase, original magnifica-
tion �200). E: Tumor cells react also with S-100 antibodies (bi-
otin-streptavidin peroxidase, original magnification �200).
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ures are rarely discerned, predominantly seen in the
most cellular areas. The fibrous septa contain the vas-
cular channels and occasionally are infiltrated by lym-
phocytes (374).

Immunohistochemically, chordomas are positive for
cytokeratins, S-100 protein (Fig. 7-75D,E), and epithe-
lial membrane antigen (EMA) (361).

Chondroid chordoma, originally described by Fal-
coner et al. (335), is a slowly growing variant of conven-
tional chordoma. It is characterized by a substantial
chondroid component, which resembles either chon-
droma or chondrosarcoma, intermixed with foci more
characteristic of conventional chordoma (254,326). The
cartilaginous tissue possesses cells within lacunae, sepa-
rated by a matrix of hyaline cartilage (336).

Dedifferentiated chordoma, in addition to displaying
features of conventional chordoma, exhibits features
that resemble malignant fibrous histiocytoma, fibrosar-
coma, osteosarcoma, or high-grade chondrosarcoma
(323,353,356,358,371).

Differential Diagnosis

Radiology

The main radiologic considerations in differential diag-
nosis, when the tumor involves the sacral bone, are chon-
drosarcoma and metastasis (324,334,351). Both lesions may
very closely mimic chordoma, and vice versa, although
metastasis rarely is accompanied by a soft tissue mass
(375). The purely lytic lesion may closely resemble plas-
macytoma. In doubtful instances, positive scintigraphy is
highly suggestive of chordoma (339). Osteomyelitis and
lymphoma are two additional considerations. Because the
radiologic appearance of these entities is very similar to
that of chordoma, detailed clinical information may be a
helpful aid in differential diagnosis. Finally, chordoma
should be differentiated from recently reported giant no-
tochordal intraosseous hamartoma (360).

Pathology

Benign notochordal cell tumors and giant notochordal rests
may constitute a challenging differential diagnosis for
the pathologist when no attention is paid to radiologic
findings (325,378,379). Their distribution is similar to
that of chordoma, but they are strictly confined to the
vertebral body. Lobulation is absent, and the cells are
arranged in sheets that fill the intertrabecular spaces.
An intercellular matrix is lacking (349,378). These
lesions are believed to be precursors of classical chor-
doma (378,379,380).

Metastatic adenocarcinoma of the rectosigmoid colon,
especially of the mucinous type, is an occasional consid-
eration in differential diagnosis. This is particularly
true when the chordoma possesses many cells with sin-
gle cytoplasmic vacuoles (336). Furthermore, both of
these lesions may contain glycogen, mucin, cytoker-
atins, and EMA. In addition, both tumors may be
positive for S-100 protein (362). However, colon carci-
nomas are positive for the nuclear transcription factor
CDX2, which is absent in chordomas (350). Additional
keys to the correct diagnosis are examination of several
histologic sections and careful evaluation of the clinical

details (346). The points to be stressed are that gland
formation does not occur in chordomas and that
physaliphorous cells are absent in adenocarcinomas.

Myxoid chondrosarcoma is another diagnostic possibility
because of its lobular architecture, cord-like arrange-
ment of cells, and myxoid matrix. This lesion is occasion-
ally termed chordoid sarcoma because of its histologic
similarity to chordoma (354,355,377). Helpful in the dif-
ferential diagnosis is the fact that myxoid chondrosarco-
mas are extremely rare in the spine. They do not contain
physaliphorous cells, and positivity for cytokeratin and
EMA is only found focally (352). In addition, myxoid
chondrosarcomas in about 50% of cases possess a char-
acteristic nonrandom t(9;22)(q22;q12) translation that
is diagnostic (368).

An interesting tumor to distinguish from chordoma is
so-called parachordoma, first described by Dabska (330).
This tumor exhibits a cytoplasmic vacuolization of the
cells, which thus resemble the physaliphorous cells of
chordoma. Parachordoma also contains fibrous septa
similar to those of the latter tumor. This rare peripheral
tumor is lobular and pseudoencapsulated, and it fre-
quently occurs adjacent to tendons, synovium, and os-
seous structures. Occasionally it may arise in bone.
According to Folpe et al. (340), the immunohistochemi-
cal profile of parachordomas is different from that of
chordomas and extraskeletal myxoid chondrosarcomas;
however, this view has been challenged by others (369).
Although parachordoma is presently accepted as a dis-
tinct entity based on cytogenetic and immunohistochem-
ical findings, its origin is still under investigation (338).

The radiologic and pathologic differential diagnosis
of chordoma is depicted in Figure 7-76.

Leiomyosarcoma of Bone

Primary leiomyosarcomas of bone are very rare malig-
nancies, with about 120 cases thus far reported
(386,387,389,391–396,399,401–403,405). Berlin et al.
(385) reported 16 cases and suggested that this tumor
may be more common than previously recognized. Re-
cently, a single case report described a radiation-in-
duced leiomyosarcoma (383). It is a malignant, pre-
dominantly spindle-cell neoplasm exhibiting smooth
muscle differentiation (336).

Clinical Presentation

The reported patients ranged from 9 to 80 years of age
(mean 44 years). However, occurrence before the age
of 20 is uncommon. Males are affected about twice as
often as females. The usual presentation is pain of vari-
able intensity and duration (382). A soft tissue mass is
occasionally encountered (384). The most common
sites are the distal femur, proximal tibia (336), and
proximal humerus (395). Other bones that may be af-
fected include the pelvis, clavicle, ribs, and mandible
(392) (Fig. 7-77).

Imaging

Although there are no characteristic radiographic fea-
tures of leiomyosarcoma, in the reported cases the tu-
mor most often presented either as a lytic area of geo-
graphic bone destruction or with aggressive-looking,
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ill-defined borders (Fig. 7-78). Some lesions exhibited
an aggressive permeative and moth-eaten pattern. A pe-
riosteal reaction was present in about 50% of cases
(385). On MRI the tumor is isointense relative to mus-
cle on T1-weighted images, iso-hypointense relative to
fat on fast spin-echo T2-weighted sequences, and hy-
perintense relative to muscle on fast spin-echo T2
weighting with fat saturation (400) (Fig. 7-79).

Histopathology

Microscopy reveals interlacing fascicles of spindle-
shaped cells that resemble leiomyosarcoma of the soft
tissues (388,403). Cellularity varies from case to case.
Most cellular areas exhibit little intervening stroma
(395). Less cellular foci contain variably abundant in-
tercellular collagen (Fig. 7-80). Rarely, a storiform-like
pattern, reminiscent of malignant fibrous histiocytoma,
is seen (395). The spindle cells have oval or elongated
cigar-shaped nuclei and an eosinophilic (picrinophilic)
cytoplasm, occasionally having a fibrillary pattern. The
nuclei quite often exhibit a depression on both ends,
caused by a clear vacuole. Giant cells are rarely encoun-
tered. When present, they contain multiple hyper-
chromatic nuclei, prominent nucleoli, and indistinct
cytoplasmic borders. Mitotic figures are frequently ob-
served. Immunoreaction for muscle-specific actin is in-
variably positive, and desmin marking also may be posi-
tive. Some cases exhibit positive keratin marking.

Ultrastructurally, most leiomyosarcoma cells are
elongated; however, a few cells are round to polygonal
(395). Nuclei often exhibit corrugated profiles. Most
cells contain many intermediate smooth muscle fila-
ments in their cytoplasm, with dense bodies along their
course. They also display subplasmalemmal densities,
and pinocytotic vesicles are present (395).

Differential Diagnosis
Radiology 

Leiomyosarcoma of bone does not have a characteristic
radiologic presentation. Therefore, several possibilities
should be considered in the differential diagnosis.
Because of the frequently aggressive type of bone de-
struction exhibited by this tumor, fibrosarcoma, malig-
nant fibrous histiocytoma, and lymphoma are primary con-
siderations. Solitary metastasis in older patients is always
a possibility. In younger patients, Ewing sarcoma and
Langerhans cell histiocytosis must be considered.

Pathology

The most important differentiation is from a metastasis
of an extraskeletal leiomyosarcoma, particularly from
the uterus. Therefore, the diagnosis of a primary
skeletal leiomyosarcoma is a diagnosis of exclusion,
and clinical information about the case is crucial. Fi-
brosarcoma and malignant fibrous histiocytoma should be
considered, particularly if areas of a herring-bone
arrangement or a storiform pattern are present (398).
Osteosarcoma must be a consideration because occa-
sionally broad bands of hyalinized collagen may
mimic osteoid. Because the histologic differentiation
of leiomyosarcoma from these tumors with a reason-
able degree of probability is almost impossible, im-
munocytochemical demonstration of a characterizing
pattern of several smooth muscle cell markers in tu-
mor cells is always mandatory (392), remembering,
however, that some osteosarcomas may also exhibit
actin positivity (390,397,404).

The radiologic and pathologic differential diagno-
sis of leiomyosarcoma of bone is depicted in Figure
7-81.

Figure 7-76 Radiologic and pa-
thologic differential diagnosis
of chordoma.
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Leiomyosarcoma of Bone

age: 20-65
M:F = 2:1

common sites

less common sites

Figure 7-77 Leiomyosarcoma of bone: skeletal sites of
predilection, peak age range, and male-to-female ratio.

A

B
Figure 7-78 Leiomyosarcoma of bone. A: Anteroposterior
radiograph of the right knee of a 12-year-old boy shows an
osteolytic lesion in the proximal tibial metaphysis destroying
the medial cortex and extending into the soft tissues. B: CT
section shows destruction of the medial aspect of the tibia
and an associated soft tissue mass.
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A B

DC
Figure 7-79 Leiomyosarcoma of bone: computed tomography (CT) and magnetic resonance imaging (MRI). A: Antero-
posterior radiograph of the right knee of a 66-year-old woman shows a lytic eccentric lesion in the lateral aspect of the distal
femur. B: Axial CT section shows destruction of the lateral cortex and soft tissue extension of the tumor. C: Coronal T1-
weighted MRI shows the lesion to be isointense with the skeletal muscles. D: On coronal T2-weighted MRI the tumor exhibits
heterogeneous but predominantly high signal.
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Figure 7-80 Histopathology of leiomyosarcoma of bone
(same patient as shown in Fig. 7-78). A: The tumor lo-
cated in the metaphysis of the tibia destroyed the medial
part of the growth plate and extended into the epiphysis, in-
filtrating the cancellous bone (hematoxylin and eosin, origi-
nal magnification �1.5). B: Irregular bundles of elongated
spindle cells producing intracellular collagen (red) show
marked pleomorphism of the nuclei. Some tumor giant cells
are present (center). Differentiation from high grade fibrosar-
coma is almost impossible and should be done with
immunohistochemical markers (van Gieson, original magni-
fication �50). C: In another area the pseudoepithelial clear
cell aspect of the tumor—a typical variant—helps in differen-
tiation from fibrosarcoma (hematoxylin and eosin, original
magnification �25).

Figure 7-81 Radiologic and pathologic differential diagnosis of leiomyosarcoma of bone.
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Osseous Metastases

Skeletal metastases are the most common variety of
bone tumors and should always be considered in the
differential diagnosis, particularly in older patients
(47,65). In a series of 1,000 consecutive autopsies of pa-
tients who died of carcinoma, metastases to bone were
found in 27% (2). Approximately 70% of all malignant
bone tumors are metastatic in origin (128). The inci-
dence varies according to the type of primary neoplasm
and the duration of disease. Some malignant tumors
demonstrate a far greater predilection for osseous in-
volvement than others. Cancers of the breast, prostate,
lung, and kidney account for 80% of all metastatic can-
cers to bone (67). In men, carcinoma of the prostate is
reported to account for almost 60% and carcinoma of
the lung for 25% of all bone metastases. In women, car-
cinoma of the breast is responsible for almost 70% of
all metastatic lesions, the remaining 30% being mainly

due to carcinomas of the thyroid, uterus, and kidney
(1,87). Other primary tumors responsible for bone
metastases include carcinomas of the stomach, colon,
urinary bladder, melanoma, and some neurogenic tu-
mors (121). Some sarcomas, such as osteosarcoma and
Ewing sarcoma, may occasionally metastasize to bones.
In children aged 5 years and younger, neuroblastoma
is usually the primary tumor responsible for metastatic
disease. Because of their frequency, cancers of the
breast, lung, and prostate are responsible for the ma-
jority of bone metastases.

In the past it was thought that the usual route of
metastasis is via tumor emboli, mostly carried through
the lymphatic system and the ductus thoracicus to the
central blood circulation, and then by the arterial system
into the periphery (11). This belief was in contrast to the
ancient hypothesis of the British surgeon Stephan Paget
(96), who, based on a study of more than 900 autopsy
records, proposed that metastasis is not a random
process, but the tumor cells (which he regarded as
“seeds”) need a special environment (the “soil”) to grow
and form metastatic lesions. In recent years this theory
has gained wide acceptance and was substantiated by ex-
perimental data (for additional information see refer-
ences 33, 83, 84, 106, and 115). Tumor cells seem to ac-
quire a special “genetic signature” that enables them to
metastasize (104). In addition, the microenvironment in
bone, especially marrow stem cells, supports cancer cells
in homing, differentiation, and survival. Conversely, can-
cer cells influence osteoblasts and osteoclasts by secreted
factors such as parathyroid hormone–related peptide
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(PTHrP) or endothelin I (17,84,129). This leads to oste-
olytic or osteoblastic metastases in bone; however, even
osteoblastic metastases are accompanied by increased
bone resorption, as is clinically evident by the treatment
response to bisphosphonates in osteoblastic metastases
of prostate cancer. Furthermore, bone contains an abun-
dance of growth factors (e.g., transforming growth fac-
tor �, insulin-like growth factors I and II, fibroblast
growth factors, and bone morphogenetic proteins) that
are released into the microenvironment during the re-
sorption process (55). Stimulated tumor cells release fac-
tors that induce osteoblasts to secrete RANK (receptor
activator of nuclear factor kappa b)–ligand or RANKL,
which is a potent factor for osteoclast formation and ac-
tivity. Osteoclasts, in turn, resorb bone and thus release
additional growth factors that enhance the accumula-
tion of cancer cells (17).

Clinical Presentation

Metastases are relatively rare in patients younger than
the age of 40. Therefore, patient age is an important
discriminating factor in the diagnosis (81). Unlike pri-
mary bone tumors, metastases usually involve the axial
skeleton (skull, spine, and pelvis) and the most proxi-
mal segments of limb bones. Only in extremely rare
cases do metastatic tumors occur distal to the elbows
and the knees (82,97). Most metastatic lesions are
found in the vertebrae, ribs, pelvis, skull, femur, and
humerus (81) (Fig. 8-1).

The majority of skeletal metastases are silent. When
metastases are symptomatic, pain is the main clinical
feature, although rarely a pathologic fracture through
the lesion may focus attention on the disease (98).
Clinical and laboratory examinations frequently dis-
close other signs of malignancy, such as weight loss,
anemia, fever, and an elevated erythrocyte sedimenta-
tion rate. In addition, serum calcium and alkaline
phosphatase levels are usually elevated (125). In the
spine, metastases are frequently associated with neu-
rologic symptoms caused by compression of the cord
or nerve roots or even by complete obstruction of the
thecal sac.

Imaging

Detection of skeletal metastases is not always possible
on routine radiography, because destruction of the
bone may not be visible (6,113,127). It has been esti-
mated that 30% to 50% of normal bone mineral must
be lost before a bone metastasis becomes visible on a
radiograph (9). Radionuclide bone scan, including
both planar and single proton emission computed to-
mography (SPECT) imaging (15), is the best screening
method for early detection of metastatic tumors and
can detect lytic and sclerotic (blastic) lesions (Fig. 8-2).
Computed tomography (CT), magnetic resonance im-
aging (MRI), and fluorodeoxyglucose (FDG) positron
emission tomography (PET) scanning may also be
helpful, the latter modality being the most sensitive
(23,29,113). On radiography, a metastatic lesion may
resemble any of the benign or malignant lesions. There

Figure 8-1 Skeletal metastases: sites of predilection and
peak age range.
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Figure 8-2 Skeletal metastases: scintigraphy. A radionu-
clide bone scan was performed on a 68-year-old woman with
breast carcinoma to determine the presence of metastases.
After an intravenous injection of 15 mCi (555 MBq) of tech-
netium-99m diphosphonate (MDP), an increased uptake of
the radiopharmaceutical tracer is seen in the skull and cervical
spine (A), and lumbar spine and pelvis (B), localizing the
multiple metastases. C: In another patient, a 55-year-old man
with bronchogenic carcinoma, a radionuclide bone scan dis-
closed metastases to the cervical and thoracic spine, sternum,
and right femur.

A B

C
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are no radiographic characteristics of metastasis. The
type of bone destruction may be geographic, moth-
eaten, or permeative, and the margins may be well or
poorly defined. A periosteal reaction and a soft tissue
mass may or may not be present, although the latter sit-
uation is more common. Metastases can be solitary or
multiple, and they can be further subdivided into
purely lytic, purely sclerotic, and mixed lesions. This
distinction can be of considerable aid in analysis of the
site of origin of the primary tumor (27). The primary
sources of these lesions are as follows:

1. Lytic lesions. Osteolytic metastases are the most
common, representing about 75% of all metasta-
tic lesions. The primary source is usually a carci-
noma of the kidney, lung, breast, gastrointestinal
(GI) tract, or thyroid (35) (Figs. 8-3 and 8-4).

2. Sclerotic lesions. Osteoblastic metastases represent
approximately 15% of all metastatic lesions. In
men they are caused mainly by a prostatic gland
cancer or a seminoma (21) (Fig. 8-5A). In women
the primary source is usually carcinoma of the
breast, uterus (particularly cervix), or ovary (93)
(Fig. 8-5B). In both genders, metastases may origi-
nate from carcinoid tumors (88,100,101), bladder
tumors (32), certain neurogenic tumors, including
medulloblastoma (121), and osteosarcoma (47,73)
(Fig. 8-6).

Figure 8-3 Origin of osteolytic metastases.

Figure 8-4 Osteolytic metastases. A: Osteolytic metastasis to the proximal femur from carcinoma of the colon in a 52-year-
old woman. B: Osteolytic metastasis to the left ilium from carcinoma of the thyroid in an 83-year-old man.

A B
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A B
Figure 8-5 Sclerotic metastases. A: Multiple sclerotic foci are scattered through the ilium, pubis, ischium, and proximal
femur of a 55-year-old man with carcinoma of the prostate. B: Sclerotic metastases to the pubis, ischium, and proximal femur
in a 57-year-old woman with breast carcinoma.

3. Mixed lesions. Mixed osteoblastic and osteolytic le-
sions represent approximately 10% of all metasta-
tic lesions. Any primary tumor can give rise to
mixed metastases, the most common primaries
being breast and lung tumors. Occasionally, some
primary neoplasms may give rise to both lytic and
sclerotic metastases (Fig. 8-7).

Although metastases in the skeleton may appear
similar, regardless of their primary source, in some in-
stances their distribution, location, or morphologic ap-
pearance may suggest a site of origin (7,43,56,76,90,
112,116). For example, 50% of skeletal metastases distal
to the elbows and the knees, although unusual, originate
from either bronchogenic or breast carcinoma (85)
(Fig. 8-8). Although extremely rare, metastases to the
hands and feet, particularly those affecting the distal
phalanges (acrometastases), again indicate a primary tu-
mor in the lung, less commonly in the breast or kidney
(97) (Fig. 8-9). An extensive osteolysis of the distal pha-
lanx, often accompanied by a soft tissue mass, is the
usual presentation of this type of metastasis from bron-
chogenic carcinoma. Some time ago, characteristic corti-
cal metastases were reported from bronchogenic carci-
noma (27,28,48–50). These lesions produce a type of

cortical destruction termed “cookie-bite” or “cookie-
cutter” lesions (Fig. 8-10). The spread of malignant cells
to involve the skeleton usually takes place via the
hematogenous route. In such instances, the bulk of the
tumor lodges in the marrow and spongy bone. There-
fore, the initial radiography of metastatic lesions in the
skeleton reveals the destruction of cancellous bone; only
after further tumor growth is the cortex affected. An
anastomosing vascular system in the cortex, originating
in the overlying periosteum (118), probably serves as the
pathway by which malignant cells from bronchogenic
carcinoma reach the compact bone and initiate cortical
destruction (39). Primary carcinomas of the kidney and
bladder and melanoma may also give rise to cortical
metastases (20,36,59). It is of interest that the majority of
cortical metastases affect the femur (20,50).

In certain instances, the morphologic appearance of
a metastasis may suggest a specific site of origin or may
at least narrow the differential diagnostic possibilities
(27). For example, bubbly, highly expansive, so-called
blow-out metastatic lesions originate from a primary
carcinoma of the kidney or thyroid (Fig. 8-11). Multi-
ple round, dense foci or diffuse increases in bone
density are often seen in metastatic carcinoma of the
prostate (see Fig. 8-5A).
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Figure 8-6 Origin of osteoblastic metastases.
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Figure 8-7 Osteolytic and sclerotic metastases.
Osteolytic metastasis in the medial end of the
clavicle (arrows) and sclerotic metastasis in the
humeral head (open arrow) in a 27-year-old woman
with a bronchial carcinoid tumor.

MRI is occasionally useful in determining the origin
of the metastatic lesion. Recently, Choi et al. (18)
reported a “flow-void” sign apparently characteristic for
metastatic renal carcinoma. Reviewing 20 osseous
metastatic lesions from renal cell carcinoma, the inves-
tigators noted within a mass of intermediate signal
intensity the frequent appearance of multiple dot-like
or tubular structures exhibiting low signal intensity on 

T1-weighted sequences. These structures showing the
flow-void signal corresponded to dilated blood vessels
(arteries supplying the hypervascular tumor and veins
draining the lesion). Although the specificity of the
flow-void sign for diagnosis of metastatic renal carci-
noma is as yet unknown, its presence on MR images
might suggest this diagnosis.

In general, metastatic bone disease is characterized
by a combination of bone resorption and bone forma-
tion. Radiographic imaging of the lesions will reveal
the predominant process (12,95). When osteolysis
predominates, the lesions appear lytic, and when
bone formation is dominant, they appear sclerotic
(38,105). Multiple sclerotic metastases may present ei-
ther in a focal pattern (multiple snowball appear-
ance) or may have a diffuse pattern (generalized ra-
diopacity of bones) (31,60). Bone formation in
metastatic disease involves either a stromal or a reac-
tive mechanism. Stromal new bone occurs only in le-
sions associated with the development of a surround-
ing fibrous stroma, as in carcinoma of the prostate,
and reflects intramembranous ossification of areas
within the stroma. In contrast, reactive bone repre-
sents an attempt to repair the injury caused by tumor
cells. This type of formation occurs to some extent in
all metastatic lesions, although it tends to be negligi-
ble in highly anaplastic or rapidly growing tumors
(105). Bone destruction is always mediated by tumor-
induced osteoclastic resorption. Primary tumors re-
sponsible for purely osteolytic metastases are usually
located in the kidneys, lung, breast, thyroid, or GI
tract, whereas primaries responsible for osteoblastic
metastases are usually located in the prostate gland. It
must be pointed out, however, that after treatment
(radiation therapy, chemotherapy, or hormonal ther-
apy), purely lytic lesions may become sclerotic.

Scintigraphy is almost invariably positive in bone
metastases (91), and increased uptake is observed in
both sclerotic and lytic lesions (16,19,30,44,78,79,94,99)
(see Fig. 8-2). This phenomenon is secondary to the
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A B

A B

Figure 8-9 Acrometastases. A: Osteolytic
metastasis to the proximal phalanx of the left
thumb in a 63-year-old man with bron-
chogenic carcinoma. B: Osteolytic metastasis
to the distal phalanx of the right thumb (ar-
row) in a 50-year-old woman with breast
carcinoma.

Figure 8-8 Metastases distal to the elbows and the knees. A: Diffuse osteolytic metastases to the ulna in a 66-year-old
woman with breast carcinoma. B: Osteolytic metastasis to the midshaft of the right fibula of a 41-year-old woman with
hypernephroma.
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Figure 8-10 Cortical metastases. A: Osteolytic
cortical metastasis to the femur (arrow) in a 62-
year-old man with bronchogenic carcinoma. B and
C: Osteolytic cortical metastases to the femur of an
82-year-old man with bronchogenic carcinoma.
Note characteristic cookie-bite appearance of the
lesion on the lateral radiograph (arrows). In three
different patients, a 70-year-old man (D), a 46-
year-old woman (E), and a 72-year-old woman
(F), all with bronchogenic carcinoma, computed
tomography sections demonstrate cortical metas-
tases in the femora.
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increased bone turnover and reactive repair at the pe-
riphery of the lesion (3). Radionuclide bone scan is
helpful for distinguishing metastatic disease from multi-
ple myeloma because the latter usually presents with a
normal uptake of a tracer (77). Only a few cases have
been reported that exhibited negative bone scintigraphy
in metastatic disease of the skeleton despite positive radi-
ographic findings (14,68). This can be explained by the
fact that bone density, as imaged by conventional radiog-
raphy, reflects net metabolic activity over an extended
period of time and does not necessarily reflect current
metabolic activity. Therefore, a radiographically sclerotic
lesion with a low metabolic rate can produce a negative
bone scan (25). Occasionally, widespread metastatic dis-
ease produces a diffusely increased uptake throughout
the skeleton rather than discrete hot spots. This so-
called superscan appearance is identified by the ab-
normally intense bone uptake or by the absence of a
normally visible activity in the kidneys, bladder, and soft
tissues (10). Sometimes metastases cause cold spots
(photopenic defects) when there is bone destruction but
insignificant reactive bone formation; this may be ob-
served in metastases from lung and breast carcinoma
(10,57,61,70).

CT can contribute to the diagnosis of metastatic dis-
ease by frequently revealing a definite destructive lesion
in bone in patients who have an abnormal radionuclide
bone scan, a normal or inconclusive radiograph, or both
(13,54,58,69,72,80,102,103). This technique can also de-
tect an associated soft tissue mass (Figs. 8-12 and 8-13).

MRI is more sensitive than technetium scans for de-
tection of metastatic disease (8,26,29,42,117). Focal
lytic metastases are characterized by a low signal on T1-
weighted sequences, becoming bright on T2-weighting
(4,24,119) (Fig. 8-14). Focal sclerotic metastases, such
as those from a primary carcinoma in breast or
prostate, induce an osteoblastic reaction with new bone
formation. Therefore, both T1- and T2-weighted im-
ages reveal a low signal intensity.

Histopathology

On microscopic examination, two aspects must be con-
sidered. The first is that of the tumor tissue itself, which
depends on the origin of the primary tumor. Metastatic
tumor is often histologically identical or very similar to
the primary, thus enabling accurate identification. In
some cases, however, the tissue may be highly undifferen-

A B

C

Figure 8-11 Skeletal metastases. A 52-year-old
man with renal cell carcinoma (hypernephroma)
developed a solitary metastatic lesion in the acro-
mial end of the left clavicle. A: Radiograph of the
left shoulder shows an expansive blown-out
lesion associated with a soft tissue mass destroy-
ing the distal end of the clavicle. B: Subtraction
study of a selective left subclavian arteriogram
demonstrates hypervascularity of the tumor, a
characteristic feature of metastatic hyper-
nephroma. C: In another patient, a 59-year-old
woman with hypernephroma, a blown-out lesion
is associated with a soft tissue mass destroying
the acromial end of the right clavicle, acromion,
and glenoid.
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Figure 8-12 Skeletal metastasis: computed tomography (CT). A: An anteroposterior radiograph of the left hip of a 
50-year-old man with hypernephroma shows an osteolytic lesion almost completely destroying the ischium (arrows). 
B: CT section demonstrates the extent of bone destruction and a soft tissue extension of metastasis.

A B

Figure 8-13 Skeletal metastasis: computed tomography (CT). Anteroposterior (A) and lateral (B) radiographs of the distal
arm of a 78-year-old man with bronchogenic carcinoma show an osteolytic lesion in the posterolateral cortex of the distal
humerus associated with periosteal reaction. C: CT section shows cortical destruction, periosteal reaction, and a soft tissue
mass.

A,B C
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tiated, and its primary source therefore cannot be deter-
mined (67,114) (Fig. 8-15). The second histologic aspect
is the effect of the metastasis on the bone, which consti-
tutes a combination of reactive bone destruction and re-
active proliferation (111). Some metastatic tumors are
characterized primarily by bone destruction, others by
bone proliferation, and still others exhibit a mixed reac-
tion (Fig. 8-16). These effects appear on radiography as
lytic, blastic, or mixed lesions, respectively (61).

A variety of osteoclast-stimulating factors are secreted
by malignant cells (32). Secretion of these substances by
metastatic cells probably increases the number and activ-
ity of osteoclasts, and thus induces bone resorption (17).
Although malignant cells can occasionally be observed
in resorption bays on bone surfaces, no resorption lacu-
nae corresponding to the size of tumor cells could be
demonstrated by electron microscopy.

The increased bone apposition in osteoblastic metas-
tases exhibits two patterns, which are usually observed in
association with each other. New osteoid is produced on
the surface of existing cancellous bone, resulting in tra-
beculae that are thicker than normal. Osteoblasts are
also stimulated to form new trabeculae in marrow spaces
that lie between preexisting medullary bone. Cultured
prostate cancer cells have been demonstrated to secrete
osteoblast-stimulating factor (32).

468 — Differential Diagnosis in Orthopaedic Oncology

A B
Figure 8-14 Skeletal metastasis: magnetic resonance imaging (MRI). A: Anteroposterior radiograph of the left hip
shows a diffuse osteolytic metastatic lesion in the proximal femur of a 60-year-old woman with breast carcinoma. B: Coro-
nal T2*-weighted (MPGR, TR 550, TE 15, flip angle 15 degrees) MRI demonstrates increased signal of the lesion. The unin-
volved bone marrow remains of low signal intensity.

Figure 8-15 Histopathology of metastasis. A photomicro-
graph of a needle biopsy specimen obtained from a vertebral
body with a sclerotic lesion suspected to be metastatic. There
is evidence of reactive bone formation as well as fibrous scar-
ring, and a conglomerate of atypical cells, strongly suggestive
of a tumor; however, the definite diagnosis as to the origin of
this lesion is difficult (hematoxylin and eosin, original magnifi-
cation �400). (Reprinted from Bullough PG. Atlas of orthope-
dic pathology, 2nd ed. New York: Gower, 1992:17.28.)
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Differential Diagnosis
Radiology

There are no characteristic radiologic features of
metastasis. A metastatic lesion may look like a primary
benign or malignant tumor, like a focus of infection,
like a metabolic disease, or even like a post-traumatic
abnormality. The length of the lesion is often a help-
ful clue because long lesions (10 cm or greater)
frequently represent a primary malignant tumor,
whereas most metastatic lesions are smaller, between 2
and 4 cm in length. A recent study evaluated the use-
fulness of MRI in discriminating osseous metastases
from benign lesions. The so-called bull’s eye sign 
(a focus of high signal intensity in the center of an
osseous lesion) proved to be a sign of a benign dis-
ease, whereas a halo sign (a rim of high signal inten-
sity around an osseous lesion) proved to be a sign of
metastasis (109).

From the practical point of view and to facilitate dif-
ferential diagnosis, a division of metastatic lesions into
those with a single focus or multiple foci, and further
subdivision into lytic, sclerotic, or mixed, with further
classification according to the particular site in the
bone, should be attempted.

A B

C

Figure 8-16 Histopathology of metastasis. A: Osteoblastic
metastasis from a moderately differentiated adenocarcinoma
of the prostate shows tumor-filled marrow spaces and thick-
ened trabeculae (hematoxylin and eosin, original magnifica-
tion �100). B: Tumor cells react with an antibody against
prostate-specific antigen (PSA) (biotin-streptavidin peroxi-
dase, original magnification �200). C: Trabecula of lamellar
bone (center left to right) with attached cell-rich layer of new
woven bone on upper surface and rim of osteoblasts on lower
surface. Metastasis from moderately differentiated  adenocar-
cinoma of prostate is present in the marrow space (top) (van
Gieson, original magnification �200).

SOLITARY METASTASIS

A single metastatic bone lesion must be distinguished
from primary benign (and tumor-like) lesions and ma-
lignant tumors (74). In addition to the length of the le-
sion (see previous), which can help in distinguishing a
primary from a metastatic tumor, other helpful features
are the presence (or absence) of a periosteal reaction
and a soft tissue mass. A metastatic lesion usually pres-
ents without or with only a small soft tissue mass, al-
though exceptions to this rule have been reported (Fig.
8-17, see also Figs. 8-11 and 8-12). A periosteal reaction
is usually absent unless the mass breaks through the
cortex. In some reported series, however, more than
30% of metastatic lesions demonstrated a periosteal re-
sponse (122), particularly metastases from carcinoma
of the prostate (5,75,89). In the spine, metastatic le-
sions usually destroy the pedicle (Fig. 8-18), a useful
feature for distinguishing this lesion from myeloma or
neurofibroma eroding the vertebral body (5,64).

Lytic Metastasis

Osteolytic metastasis, particularly at the articular end of
a long bone or affecting apophyseal parts (such as the
femoral trochanter or humeral tuberosity), must be
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differentiated from a giant cell tumor and an intraosseous
ganglion. The latter invariably exhibits a sclerotic bor-
der, a rare feature of metastatic lesions. At other sites,
the differential diagnosis must include primary malig-
nant bone tumors such as fibrosarcoma, malignant fibrous
histiocytoma (MFH), lymphoma, and plasmacytoma and
some benign conditions such as hemangioma, brown tu-
mor of hyperparathyroidism, and pseudotumor of hemophilia.
As mentioned previously, differentiation solely on the
basis of radiologic appearance is difficult, and clinical
information is usually helpful.

Sclerotic Metastasis

A solitary osteoblastic metastasis should be differenti-
ated from the bone island (enostosis). On radiography,
bone islands exhibit characteristic thorny radiations
that blend imperceptibly with the normal trabeculae of
the host bone, a feature not present in metastasis (92).
Further confirmation is provided by the radionuclide
bone scan, which is invariably positive in metastatic dis-
ease but is usually normal in bone islands (51). Occa-
sionally, however, errors in diagnosis can be made, par-
ticularly if a bone island is very large (giant bone
island) (53) or if it exhibits an increased uptake of the
radiopharmaceutical tracer (52) (see Chapter 2).

At times, a sclerotic metastasis with exuberant sun-
burst periosteal reaction (75,89), such as metastasis
from a prostatic carcinoma, can simulate the appear-
ance of osteosarcoma (62).

A single sclerotic lesion at the medial (sternal) end
of the clavicle, which often is mistaken for a metasta-
sis, may in fact represent condensing osteitis of the clavi-
cle. Clinically, this condition manifests with pain, as
well as local swelling and tenderness. Radiography re-
veals a homogeneously dense sclerotic patch, usually
limited to the inferior margin of the medial end of
the clavicle (Fig. 8-19A, B). Although this part of the
clavicle may be slightly expanded, periosteal reaction
and bone destruction are absent (46). CT reveals an
obliteration of the marrow cavity, and radionuclide
bone scan shows a significant focal increase in tracer
uptake (Fig. 8-19C, D).

On rare occasions, a sclerotic metastatic lesion within
the medial femoral condyle may mimic spontaneous os-
teonecrosis (37). A sclerotic vertebra (“ivory vertebra”) re-
sulting from metastasis should be differentiated from
lymphoma, sclerosing hemangioma, and Paget disease
(34,108,110). Involvement by a lymphoma is usually indis-
tinguishable from metastatic disease, although the clini-
cal and laboratory data may be helpful. In Hodgkin lym-
phoma there is an occasional anterior scalloping of the
vertebral body, which accentuates the anterior vertebral
concavity and thus provides a useful differentiating fea-
ture. Hemangioma often presents with typical vertical stri-
ations or a honeycomb pattern. Paget disease char-
acteristically enlarges affected vertebrae and causes
disappearance or coarsening of the vertebral endplates.
If a picture frame appearance typical for Paget disease is
present, metastasis can be safely ruled out (see Fig.
6.29). Conversely, in metastatic lesions to the vertebrae
the endplates remain preserved (Fig. 8-20).

Figure 8-17 Skeletal metastasis with soft tissue mass. A
70-year-old woman with breast carcinoma developed a
skeletal metastasis to the thoracic vertebra. Note a large
associated soft tissue mass.

Figure 8-18 Skeletal metastases. Metastases from bron-
chogenic carcinoma in a 45-year-old woman destroyed the
right pedicles of vertebrae T8 and T10 (arrows).
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A

B

D

Figure 8-19 Condensing osteitis of the clavicle. A: Radiograph shows a sclerotic lesion in the inferior aspect of the right
clavicle (arrow), originally thought to represent sclerotic metastasis. B: Trispiral tomography shows that the superior aspect of
the clavicle is not affected. There is no evidence of periosteal reaction. C: Computed tomography section through the sternal
ends of the clavicles shows homogeneous sclerosis of the right clavicular head and soft tissue swelling adjacent to it anteriorly.
D: Radionuclide bone scan obtained after injection of 15 mCi (555 MBq) of 99m-methylene diphosphonate (MDP) shows
increased uptake of the radiopharmaceutical tracer localized to the sternal end of the right clavicle. (Reprinted with permis-
sion from Greenspan A, Gerscovich EO, Szabo RM, et al. Condensing osteitis of the clavicle: a rare but frequently misdiag-
nosed condition. Am J Roentgenol 1991;156:1011–1013.)
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Mixed Metastasis

A mixed (osteolytic and osteoblastic) solitary metastasis
must be distinguished from a focus of osteomyelitis,
osteosarcoma, and some primary round cell tumors, par-
ticularly lymphoma. Again, without additional clinical in-
formation it may be difficult to distinguish these lesions
only on the basis of radiologic imaging.

MULTIPLE METASTASES

Lytic Metastases

Osteolytic metastases must be differentiated from
multiple myeloma and brown tumors of hyperparathyroidism.
In younger patients, Langerhans cell histiocytosis must be
considered. Probably the best modality for distinguish-
ing metastases from multiple myeloma is the radionuclide
bone scan because, with only a few exceptions, metasta-
tic lesions will exhibit an increased uptake of radio-
pharmaceutical tracer, whereas bone scan in multiple
myeloma (except for the sclerotic variant) is usually
normal. Helpful in distinguishing brown tumors of hyper-
parathyroidism are other hallmarks of this condition,
such as diffuse osteopenia, loss of the lamina dura of
the tooth sockets, subperiosteal bone resorption, and
soft tissue calcifications. Laboratory data typical of hy-
perparathyroidism (particularly serum levels of calcium
and phosphorus) will further enhance the difference.

Because of their expansive nature, multiple metas-
tases from kidney and thyroid should be differentiated
from pseudotumors of hemophilia. In such cases the clini-
cal information and laboratory data characteristic of
the latter condition are extremely helpful.

Sclerotic Metastases

Sclerotic metastases should be differentiated from os-
teopoikilosis (40). Osteopoikilosis is classified among the
sclerosing dysplasias of endochondral failure of bone
formation and remodeling (45). Sclerotic foci in os-
teopoikilosis are typically distributed near the large
joints, such as hips, knees, and shoulders (Fig. 8-21). An
additional helpful radiologic feature is the scintigraphic
appearance of the lesion: osteopoikilosis, unlike scle-
rotic metastases, exhibits a normal radionuclide bone
scan (45). Other entities that may be confused with scle-
rotic metastatic disease include polyostotic Paget disease
(Fig. 8-22), mastocytosis, and secondary hyperparathyroidism,
in which sclerotic bone changes may predominate. A
rare form of sclerosing myeloma (representing �1% of
cases of multiple myeloma) (107) and sclerosing heman-
giomatosis (63) may have a radiographic appearance
similar to that of sclerotic metastases. In this situation,
the clinical and laboratory data typical for myeloma,
along with a good general physical condition and ab-
sence of abnormal laboratory data in hemangiomatosis,
are helpful. Erdheim-Chester disease, a rare form of histiocy-
tosis, can radiographically mimic sclerotic metastases
(Fig. 8-23). This condition usually exhibits bilateral, sym-
metric, patchy, or diffuse sclerosis of the medullary cavity
of the long bones, sparing the epiphyses (120,123). The
sclerotic lesions, similarly to metastases, show increased
uptake of radiopharmaceutical agents on skeletal scintig-
raphy (71). On MRI the lesions exhibit low signal inten-
sity on T1-weighted sequences, with heterogeneous sig-
nal on T2 weighting. After injection of gadolinium
intense enhancement can be observed (126). Finally,
osteosarcomatosis (synchronous or metachronous presen-
tation of multifocal osteosarcoma) may also mimic
metastatic disease (41). In such cases, a localization of
the lesions in sites rarely affected by metastases, such as
carpal and tarsal bones, metacarpals, epiphyses, and
apophyses, as well as the radiographic morphology of
the lesion consistent with osteosarcoma, leads to the cor-
rect diagnosis (see Fig. 2-95).

Figure 8-20 Skeletal metastasis. Sclerotic metastasis to the
lumbar vertebra of a 72-year-old man with prostatic carci-
noma mimics Paget disease. Note, however, that the verte-
bral endplates are preserved and vertebral body is not
enlarged.

Figure 8-21 Osteopoikilosis. Anteroposterior radiograph of
the right shoulder of a 34-year-old man shows typical periar-
ticular distribution of sclerotic foci of osteopoikilosis.
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CORTICAL METASTASES

A solitary cortical metastasis should be differentiated,
among other possibilities, from osteoid osteoma, cortical
bone abscess, plasmacytoma, hemangioma, and cortical os-
teosarcoma. Cortical involvement associated with a soft
tissue mass must be differentiated from an aneurysmal
bone cyst and a primary soft tissue tumor invading the
bone, including synovial sarcoma. Multiple cortical
metastases should be differentiated from heman-
giomatosis and any vascular lesion involving the cortex.
The patient’s age and clinical history, as well as the ra-
diologic morphology of the lesion, are useful in differ-

ential diagnosis. A metastatic origin should always be
considered in differential diagnosis of an osteolytic
cortical lesion of a long bone in older patients and in
patients with a known primary malignant condition
(20).

Pathology

Histologically, metastatic tumors are easier to diagnose
than many primary tumors because of their essentially
epithelial pattern. Biopsies of suspected metastases are
useful for the diagnosis in patients with known primary
tumors. With increasing use of ancillary techniques it is
possible to identify the site of an unknown primary tu-
mor (66). Occasionally, the only identifying feature in
the marrow spaces is a desmoplastic fibrotic reaction to
tumor. If a bone biopsy reveals predominantly mature
bone trabeculae with intertrabecular fibrosis, the
differential diagnosis of metastatic carcinoma should be
considered. A metastatic lesion may exhibit a character-
istic morphologic pattern that strongly suggests a pri-
mary tumor, such as the clear cells of renal carcinoma,
follicular or giant cell carcinoma of the thyroid, or the
pigment production of melanoma. Some neoplasms are
associated with the production of enzymes or antigens
that can be detected after the decalcification procedure.
It is possible, for example, to perform a prostate-specific
antigen study or a prostate-specific acid phosphatase by
immunohistochemistry to identify a primary site in the
prostate. Demonstration of nuclear transcription factors
such as CDX2 (occurring in GI carcinoma) or TTF1 (oc-
curring in lung and thyroid cancers); glycoproteins such
as GCDFP15 (gross cystic disease fluid protein) present in
breast or apocrine cells; pattern analysis of cytokeratin
filaments (e.g., presence of CK 20 and absence of CK7 in
intestinal but not in lung cancer) supplemented by addi-
tional immunoreactions, cytokeratins, CD20, CD99, and
neuron-specific enolase (NSE) for the differentiation of
small, round blue-cell tumors; and melanoma markers
such as S-100, melan-A, and HMB-45 may also contribute
to identification of an unknown primary tumor (22,66)
(See Fig. 8-24C,D).

Osteoblastic metastases occasionally exhibit metastat-
ic cells surrounded by rapidly proliferating osteoid, in a
pattern that mimics osteosarcoma (Fig. 8-24A,B). How-
ever, careful study of the reactive bone will reveal the
regular distribution of the osteocytes, even if the bone
has been formed by metaplasia. The immunohisto-
chemical marker for cytokeratin or for other epithelial
markers can distinguish neoplastic epithelial cells from
the reactive osteoblasts and from the tumor cells of ep-
ithelioid osteosarcoma (32).

When osseous metastases are composed of spindle
cells, with or without associated epithelioid-like neoplas-
tic cells, the diagnostic difficulties may be enormous.
Differential diagnosis includes a number of primary os-
seous sarcomas, such as fibrosarcoma, MFH, and leiomyosar-
coma. As a particular example, osseous metastases from
spindle cell (sarcomatoid) renal cell carcinomas usually
involve bone and may closely resemble MFH. Immuno-
histochemistry is extremely useful for distinguishing

Figure 8-22 Skeletal metastases. Diffuse sclerotic metas-
tases to the pelvis and left femur causing a pathologic frac-
ture in a 68-year-old man with prostate carcinoma mimic
sclerotic changes of Paget disease.

Figure 8-23 Erdheim-Chester disease resembling sclerotic
metastases. Diffuse sclerosis of the radius may be mistaken
for blastic metastases.
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between these groups of lesions (32). However, some
antigens are shared by both carcinomas and sarcomas.
Vimentin, almost invariably present in sarcomas, may be
synthesized by carcinoma cells and by those of malignant
melanoma. Cytokeratin, present in most carcinomas, has
been reported to occur in skeletal leiomyosarcoma (86)
and other mesenchymal neoplasms (32,124). A useful
immunohistochemical screening panel for the diagnosis
of spindle cell lesions includes cytokeratin, epithelial
membrane antigen, S-100, vimentin, desmin, and mus-
cle-specific actin. Positive findings for epithelial mem-
brane antigen or keratin are strongly suggestive of
metastatic carcinoma. Diffuse positivity for S-100 protein
suggests a diagnosis of malignant melanoma, when the
light microscopic appearance is appropriate. This can be
confirmed by staining with the melanocyte marker
HMB-45 or melan-A (32).

If cytokeratin, epithelial membrane antigen, and S-
100 markers are negative, the differential diagnosis
must focus on primary sarcomas. In MFH, fibrosar-
coma, and leiomyosarcoma, some cells are vimentin-
positive. Furthermore, MFH and leiomyosarcoma 
may occasionally be positive for cytokeratin. However,
the latter is strongly positive for muscle-specific actin,
desmin, and smooth muscle actin (Table 8-1)
(22,32,124).

The radiologic and pathologic differential diagnosis
of solitary lytic metastasis is depicted in Figure 8-25 and
of solitary blastic (sclerotic) metastasis in Figure 8-26,
whereas the differential diagnoses of multiple oste-
olytic and multiple osteoblastic metastases are depicted
in Figures 8-27 and 8-28, respectively. The radiologic
and pathologic differential diagnosis of cortical metas-
tases is shown in Figure 8-29.

A B

C D
Figure 8-24 Histopathology of skeletal metastases. A: Metastatic lesion from a well-differentiated papillary carcinoma of
the thyroid exhibits formation of reactive bone that should not be mistaken for tumor bone of osteosarcoma (Giemsa, original
magnification �50). B: Metaplastic formation of narrow woven bone trabeculae is seen in the stroma of a well-differentiated
papillary thyroid carcinoma. The bone is reactive and not produced by malignant cells (van Gieson, original magnification
�50). C: Metastasis from a melanoma resembles trabecular carcinoma; however, some tumor cells contain melanin pigment
(hematoxylin and eosin, original magnification �200). D: Metastasis from melanoma resembles epithelioid tumor; however,
tumor cells react strongly with anti-melanin A (biotin-avidin peroxidase, original magnification �200).
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Table 8-1 Panel of Immunohistochemical Markers for Spindle Cell Neoplasms

Antigens

Tumor Desmin Vimentin CK EMA S-100 MSA HMB-45 CD99

Spindle cell carcinoma � �/� � � �/� � � �
Malignant melanoma � � � � � � � �
Malignant fibrous histiocytoma �/� � �/� � �/� �/� � �
Leiomyosarcoma � �/� �/� � � � �
Fibrosarcoma � � � � � � �
Synovial sarcoma � � � � �/� � � �

CK, cytokeratin; EMA, epithelial membrane antigen; MSA, muscle-specific actin; HMB-45, melanocytic marker; �/�, considerable
number of positives; �/�, very few positives.
Modified from Fechner RE, Mills SE. Tumors of the bones and joints, 3rd ed., Vol 8. Washington, DC: Armed Forces Institute of Pathology,
1993; and from Brooks JSJ. Immunohistochemistry in the differential diagnosis of soft-tissue tumors. In: Weiss SH, Brooks JSJ, eds. Soft
tissue tumors. Baltimore: Williams and Wilkins, 1996:65.

Figure 8-25 Radiologic and pathologic differential diagnosis of solitary osteolytic metastasis.
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Figure 8-26 Radiologic and pathologic differential diagnosis of solitary osteoblastic metastasis.

Figure 8-27 Radiologic and pathologic differential diagnosis of multiple osteolytic metastases.
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Figure 8-28 Radiologic and pathologic differential diagnosis of multiple osteoblastic metastases.

Figure 8-29 Radiologic and pathologic differential diagnosis of cortical metastases.
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Synovial (Osteo)chondromatosis  481
Pigmented Villonodular Synovitis   487
Localized Pigmented Nodular Tenosynovitis

[Pigmented Giant Cell Tumor of the Synovium 
or the (Localized) Giant Cell Tumor of the 
Tendon Sheath]  494

Synovial Hemangioma  496
Lipoma Arborescens  500

■■■ MALIGNANT TUMORS  503
Synovial Sarcoma  503
Synovial Chondrosarcoma  509

Benign Lesions

Synovial (Osteo)chondromatosis

Synovial osteochondromatosis (also known as synovial
chondromatosis or synovial chondrometaplasia) is an
uncommon benign disorder marked by the metaplastic
proliferation of multiple cartilaginous nodules in the
synovial membrane of the joints, bursae, or tendon
sheaths (26,27,30,42). It is almost invariably monoartic-
ular; rarely, multiple joints may be affected (40,43,44).

Clinical Presentation

The disorder is twice as common in men as in women
and is usually discovered in the third to the fifth decade

(27). The knee is a preferential site of involvement,
with the hip, shoulder, elbow, and ankle accounting for
most of the remaining cases (6,7,12,23,39) (Fig. 9-1).
Patients usually report pain and swelling. Joint effu-
sion, tenderness, limited motion in the joint, and a soft
tissue mass are common clinical findings (11).

Imaging

The radiographic findings depend on the degree of
calcification within the cartilaginous bodies, ranging
from mere joint effusion to visualization of many ra-
diopaque joint bodies, usually small and uniform in
size (31,33) (Fig. 9-2). The best proof that the bodies
are indeed intraarticular is achieved by arthrography or
computed tomography (CT) (3) (Figs. 9-3 and 9-4).
These modalities can visualize even noncalcified bodies
(13). MRI may also be helpful: calcifications can be
seen as signal void on T2-weighted images against the
high-signal-intensity fluid and an inflamed hyperplastic
synovium (22,24,25,44,45) (Figs. 9-5 and 9-6). In addi-
tion to revealing loose bodies in the joint, these modal-
ities may demonstrate bone erosion (34) and extracap-
sular extension of the lesion (38).

Histopathology

By microscopy, many cartilaginous nodules are ob-
served as they form beneath the thin layer of cells that
line the surface of the synovial membrane (12,36) (Fig.
9-7). These nodules are highly cellular, and the cells

CHAPTER

9
Tumors and Tumor-like 
Lesions of the Joints

Text continues on page 486
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Synovial (Osteo) Chondromatosis

age: 20-50
M:F = 2:1

common sites

less common sites

Figure 9-1 Synovial (osteo)chondromatosis: skeletal sites
of predilection, peak age range, and male-to-female
ratio.

Figure 9-2 Synovial (osteo)chondromatosis. Anteroposte-
rior (A) and lateral (B) radiographs of the right elbow of a
23-year-old man who presented with pain and occasional
locking in the elbow joint show numerous osteochondral
bodies in the joint (arrows), which are regularly shaped and
mostly uniform in size.

A

B
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A

A

B

C

Figure 9-3 Synovial (osteo)chondromatosis: computed
tomography (CT). A: Anteroposterior radiograph of the
right hip of a 27-year-old woman shows multiple osteo-
chondral bodies around the femoral head and neck. Note
preservation of the joint space. B and C: Two CT sections—
one through the femoral head, another through the
femoral neck—demonstrate unquestionably the intraarticu-
lar location of multiple osteochondral bodies.

Figure 9-4 Synovial (osteo)chondromatosis: computed tomography (CT). A: Anteroposterior radiograph of the left shoulder
of a 36-year-old man shows multiple osteochondral bodies around the glenohumeral joint. B: Coronal CT section effectively
shows location of the uniform in size calcified bodies in the glenohumeral joint and subacromial bursa (continued).

B
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C
Figure 9-4 Continued C: Axial CT section also clearly
shows location of the calcified bodies in the glenohumeral
joint and subacromial bursa.

Figure 9-5 Synovial (osteo)chondromatosis:
magnetic resonance imaging (MRI). A: Oblique
radiograph of the left ankle of a 14-year-old boy
shows faint radiopaque foci projecting over the
tibiotalar joint (arrows). B: CT section shows the
location of calcified bodies in the anterior aspect
of the joint. C: Sagittal T1-weighted (SE, TR 640,
TE 20) MRI shows intermediate signal intensity of
the fluid in the ankle joint and dispersed low-
signal intensity osteochondral bodies. D: Coronal
T2-weighted (SE, TR 2000, TE 80) MRI of the
ankle joint clearly defines low-signal-intensity os-
teochondral bodies within bright fluid.

A C

B

D
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A B

C D
Figure 9-6 Synovial (osteo)chondromatosis: magnetic resonance imaging (MRI). A: Lateral radiograph of the left knee of
a 50-year-old man shows multiple osteochondral bodies in and around the joint. B: Axial T2*-weighted (MPGR, TR 500, TE
20, flip angle 30 degrees) MRI demonstrates high signal joint effusion and multiple bodies of intermediate signal intensity, pri-
marily located in a large popliteal cyst. Coronal fast-spin echo (FSE, TR 2400, TE 85 Ef) (C) and sagittal fast-spin echo (FSE, TR
3400, TE 85 Ef) (D) MR images show to better advantage the distribution of numerous osteochondral bodies.
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themselves may exhibit a moderate pleomorphism,
with occasional plump and double nuclei (11).
Although such cytologic atypia merely indicates an ac-
tively growing cartilaginous focus, an erroneous diag-
nosis of malignancy may sometimes be considered (Fig.
9-8). The cartilaginous nodules, which often are under-
going calcification and endochondral ossification, may
detach and become loose bodies. The loose bodies con-
tinue to be viable and may increase in size as they re-
ceive nourishment from the synovial fluid (18), but
they ossify no more.

Mitoses in synovial chondromatosis are rare. How-
ever, subpopulations of cells appear to proliferate, ac-
cording to immunohistochemistry (IHC) results and
those of studies using image cytometry (8,32). Robinson
et al. (37) also demonstrated that proliferating cells 
in cartilaginous nodules of synovial chondromatosis
simultaneously express fibroblast growth factor receptor

3 (FGFR3) and its ligand, fibroblast growth factor 9
(FGF9), found in the synovial fluid, obviously produced
by synoviocytes. This would constitute an autocrine loop
that might be expected in tumor cells but not in a be-
nign lesion. In addition, cytogenetic studies revealed
clonal chromosomal aberrations with involvement of
chromosome 6 (losses or rearrangements) in five of
eight thus far reported cases, indicating that synovial
chondromatosis may be a neoplastic rather than a meta-
plastic lesion (4,41). The expression of FGFR3 is regu-
lated by sonic hedgehog (SHH), an important gene in-
volved in embryonic development and in tumorigenesis
(1,29). A negative regulator of the SHH gene, Rab23, is
localized on chromosome 6p11 (10). Buddingh et al. (4)
hypothesized that rearrangements of chromosome 6
may inactivate Rab23, leading to activation of SHH that,
in turn, acts on FGFR3 expression. The involvement of
SHH signaling in the development of synovial chondro-
matosis was recently demonstrated by Hopyan et al. (19)
using transgenic mice defective in a transcriptional re-
pressor for SHH.

Differential Diagnosis

Radiology

This condition should be differentiated from the sec-
ondary osteochondromatosis caused by osteoarthritis, par-
ticularly in the knee and hip joints, and from synovial
chondrosarcoma, either primary (arising de novo from the
synovial membrane) or secondary (due to malignant
transformation).

Distinguishing primary synovial osteochondro-
matosis from secondary osteochondromatosis usually pres-
ents no problems. In the latter condition, there is
invariably radiographic evidence of osteoarthritis with
all of its typical features, such as narrowing of the radi-
ographic joint space, subchondral sclerosis, and, occa-
sionally, periarticular cysts or cyst-like lesions (Fig. 
9-9). The loose bodies are fewer, larger, and invariably
of different sizes. Conversely, in primary synovial
chondromatosis the joint is not affected by any degen-
erative changes. In some cases, however, the bone may
show erosions secondary to pressure of the calcified
bodies on the outer aspects of the cortex. The intraar-
ticular bodies are numerous, small, and usually of uni-
form size (see Fig. 9-2).

More difficult is to distinguish synovial chondro-
matosis from synovial chondrosarcoma. The clinical and
radiographic features have not been useful in this dif-
ferentiation and are equally ineffective in distinguish-
ing a secondary malignant lesion arising in synovial
chondromatosis (2). In addition, both entities tend to
have a protracted clinical course, and local recurrence
is common after synovectomy for synovial chondro-
matosis or local resection of synovial chondrosarcoma
(17). The presence of frank bone destruction rather
than merely erosions, and the association of a soft tis-
sue mass, should always raise the concern about malig-
nancy (14) (see Fig. 9-41). Although extension beyond
the joint capsule should heighten the suspicion of ma-
lignancy, some cases of synovial chondromatosis have

Figure 9-7 Histopathology of synovial (osteo)chondro-
matosis. Photomicrograph of the synovium removed from
the knee of a patient with primary synovial chondromatosis
shows nodules of irregular cellular cartilage covered by a
thin layer of synovium (hematoxylin and eosin, original
magnification �6).

Figure 9-8 Histopathology of synovial (osteo)chondro-
matosis. High-power photomicrograph shows pleomorphic
cells with dark pleomorphic nuclei arranged in clusters
(hematoxylin and eosin, original magnification �100).

5480_Greenspan_Ch09p481-518.qxd  7/20/06  7:29 AM  Page 486



CHAPTER 9 Tumor and Tumor-like Lesions of the Joints — 487

been reported to have an extraarticular extension
(5,31).

The other conditions that can radiologically mimic
synovial chondromatosis include pigmented villonodular
synovitis (PVNS), synovial hemangioma, and lipoma ar-
borescens (15,16).

In PVNS the filling defects in the joint are more con-
fluent and less distinct. Magnetic resonance imaging
(MRI) may show foci of decreased intensity of the syn-
ovium in all sequences because of the paramagnetic ef-
fects of deposition of hemosiderin (18) (see Fig. 9-14).
Synovial hemangioma usually presents as a single soft tis-
sue mass. On MRI, T1-weighted images show that the
lesion is either isointense or slightly higher (brighter)
in signal intensity than surrounding muscles but much
lower in intensity than subcutaneous fat. On T2-
weighted images the mass is invariably much brighter
than fat (15) (see Figs. 9-26 and 9-27). Phleboliths and
fibrofatty septa in the mass are common findings that
show low signal characteristics.

Lipoma arborescens is a villous lipomatous proliferation
of the synovial membrane (35). This rare condition usu-
ally affects the knee joint but has occasionally been re-
ported in other joints, including the wrist and ankle
(16). The disease has been variously reported to have a
developmental, traumatic, inflammatory, or neoplastic
origin, but its true etiology is still unknown. The clinical
findings include slowly increasing but painless synovial
thickening as well as joint effusion with sporadic exacer-
bation. Radiographic studies reveal a joint effusion
accompanied by various degrees of osteoarthritis. MRI is
diagnostic, showing frond-like masses arising from the

synovium that have the signal intensity of fat on all imag-
ing sequences (see Fig. 9-30). Histologic examination
demonstrates complete replacement of the subsynovial
tissue by mature fat cells and the formation of prolifera-
tive villous projections.

Pathology

From the histopathologic standpoint it may be very dif-
ficult to distinguish synovial chondrosarcoma from syn-
ovial chondromatosis (20,21,28). The histopathologic
distinction between primary and secondary malignant
synovial lesions and synovial chondromatosis has been
a matter of dispute. Occasional foci of increased cellu-
larity showing hyperchromatic atypical cells, consistent
with grade 1 chondrosarcoma, should not be consid-
ered sufficient evidence for a malignant change in syn-
ovial chondromatosis. However, evidence of aggressive
growth (invasion), arrangement of atypical chondro-
cytes in sheets, spindling of cells in the periphery, pres-
ence of mitoses, myxoid change of the matrix, and lack
of attachment of a lesion to the synovial lining support
the diagnosis of malignancy (2,9) (see Fig. 9-43).

The radiologic and pathologic differential diagnosis
of synovial chondromatosis is depicted in Figure 9-10.

Pigmented Villonodular Synovitis

PVNS is a locally destructive fibrohistiocytic prolifera-
tion, characterized by many villous and nodular syn-
ovial protrusions (11), which affects joints, bursae, and
tendon sheaths (46,77,109). PVNS was first described
by Jaffe, Lichtenstein, and Sutro (94) in 1941, who used

A B
Figure 9-9 Secondary (osteo)chondromatosis due to osteoarthritis. A: Lateral radiograph of the knee in a 58-year-old
man with advanced osteoarthritis of the femoropatellar joint compartment shows multiple osteochondral bodies in the supra-
patellar bursa and within the popliteal cyst. B: Radiograph of the left shoulder in a 68-year-old woman with osteoarthritis of
the glenohumeral joint shows multiple intraarticular osteochondral bodies.
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this name to identify the lesion because of its yellow-
brown, villous, and nodular appearance. The yellow-
brown pigmentation is due to excessive deposits of
lipid and hemosiderin. This condition can be diffuse or
localized. When the entire synovium of the joint is
affected and there is a major villous component, the
condition is referred to as diffuse PVNS. When a dis-
crete intraarticular mass is present, the condition is
called localized PVNS (84,88,110) or (in the European
literature) pigmented giant cell tumor of articulations.
When the process affects the tendon sheaths, it is called
localized giant cell tumor of the tendon sheaths or
nodular tenosynovitis (69,98,110,111,127,143). The dif-
fuse form usually occurs in the knee, hip, elbow, or
wrist and accounts for 23% of cases (103). The local-
ized nodular form is often regarded as a separate entity.
It consists of a single polypoid mass attached to the syn-
ovium. Nodular tenosynovitis is most often seen in the
fingers and is the second most common soft tissue tu-
mor of the hand, exceeded only by the ganglion (133).
In the new revised classification of soft tissue tumors
(2002), the World Health Organization (WHO) classi-
fies localized intra- and extraarticular lesion as giant
cell tumor of sheath (72), whereas diffuse intra- and
extraarticular forms are categorized as diffuse-type gi-
ant cell tumor (keeping PVNS as a synonym) (71).

Both the diffuse and the localized forms of villon-
odular synovitis usually occur as a single lesion, mainly
in young and middle-aged individuals of either sex
(67,119). One of the most characteristic findings in
PVNS is the ability of the hyperplastic synovium to

invade the subchondral bone, producing cysts and ero-
sions. Although the etiology is unknown (78) and is
often controversial (86,87), some investigators have
suggested an autoimmune pathogenesis (57). Trauma
also is a suspected cause, because similar effects have
been produced experimentally in animals by repeated
injections of blood into the knee joint (133,148). Some
investigators have suggested a disturbance in lipid me-
tabolism as an etiologic factor (82,91). It has also been
postulated by Jaffe et al. (94) that these lesions may
represent an inflammatory response to an unknown
agent, and by Stout and Lattes (138), and later by Ray
et al. (128) that they are true benign neoplasms.
Although the latter theory was supported by pathologic
studies indicating that the histiocytes present in PVNS
may function as facultative fibroblasts (116) and that
foam cells may derive from histiocytes (73), relating
PVNS to a benign neoplasm of fibrohistiocytic origin
(86), it was presumed that these findings did not consti-
tute definite proof that PVNS is a true neoplasm but
rather a special form of a chronic proliferative inflam-
mation process, as has already been postulated by Jaffe
et al. (94). However, the most recent cytogenetic inves-
tigations have shed a new light on this subject. Clonal
aberrations have been described in both localized and
diffuse forms of PVNS, presenting a near- or pseudo-
diploid karyotype and rearrangements of chromosome
1p, preferentially at 1p11-p13 (122,132). Aneuploid
forms (in 3 of 7 diffuse-type tenosynovial giant cell tu-
mors of tendon sheaths and 1 of 15 in diffuse type
tenosynovial giant cell tumor of the knee joint) have

Figure 9-10 Radiologic and pathologic differential diagnosis of synovial (osteo)chondromatosis.
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been described in DNA flow cytometric studies (47,54).
In addition, Berger et al. (54) demonstrated chromoso-
mal gains in 5 of 15 cases by CGH, preferentially at 22q,
16p, and 16q. These data are in favor of a neoplastic
origin of PVNS. Gains of chromosomes 5 and 7 have
been reported only in diffuse forms of tendon sheath
giant cell tumors, indicating possible differences be-
tween localized and diffuse types (71,117). However,
because at least gains of chromosomes 5 and 7 have
been reported in osteoarthritis and rheumatoid arthri-
tis, the significance of these findings remains to be de-
termined (68,114).

Clinical Presentation

Clinically, PVNS is a slowly progressive process that
manifests as mild pain and joint swelling with limitation
of motion (48,78,137,144,149). Occasionally, increased
skin temperature is noted over the affected joint (73).
The knee joint is most commonly affected, and 66% of
patients present with a bloody joint effusion (97). In
fact, the presence of a serosanguinous synovial fluid in
the absence of a history of recent trauma should
strongly suggest the diagnosis of PVNS (86). The syn-
ovial fluid contains elevated levels of cholesterol
(59,121), and fluid reaccumulates rapidly after aspira-
tion (89). Other joints may be affected, including 
the hip, ankle, wrist, elbow, and shoulder
(49,50,58,66,124,131). There is a 2:1 predilection for
females. Patients range from 4 to 60 years of age, with a
peak incidence in the third and fourth decades
(11,113) (Fig. 9-11). The duration of symptoms can
range from 6 months to as long as 25 years
(51,70,105,106).

Although a few “malignant” PVNS have been re-
ported in the literature (55,99), this diagnosis is still
debatable. Recently, attention has been drawn to the
extraarticular form of diffuse PVNS, also referred to as
diffuse-type giant cell tumor. This condition is charac-
terized by the presence of an infiltrative, extraarticular
mass with or without involvement of the adjacent joint
(100). This presentation of PVNS creates a real diag-
nostic challenge for both radiologist and pathologist
because its extraarticular location, invasion of the
bones, and more varied histologic infiltrative pattern
may suggest malignancy (100,134).

Imaging

Radiography reveals a soft tissue density in the affected
joint, frequently interpreted as joint effusion. However,
the density is greater than that of a simple effusion, and
it reflects not only a hemorrhagic fluid but also lobu-
lated synovial masses (Fig. 9-12). A marginal, well-
defined erosion of subchondral bone with a sclerotic
margin may be present [incidence reported from 15%
(61) to 50% (74)], usually on both sides of the affected
articulation (75,150). Narrowing of the joint space has
also been reported (86). In the hip, multiple cyst-like
or erosive areas involving non-weight-bearing regions
of the acetabulum, as well as the femoral head and
neck, are characteristic (65). Calcifications are encoun-
tered only in exceptional cases (52).

Pigmented Villonodular Synovitis

age: 20-40
F:M = 2:1

common sites

less common sites

Figure 9-11 Pigmented villonodular synovitis: skeletal
sites of predilection, peak age range, and male-to-female
ratio.
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Arthrography reveals multiple lobulated masses with
villous projections, which appear as filling defects in
the contrast-filled suprapatellar bursa (Fig. 9-13). CT
effectively demonstrates the extent of the disease
(60,102). The increase in iron content of the synovial
fluid results in high Hounsfield values, a feature that
can help in the differential diagnosis (129). MRI is ex-
tremely useful in making a diagnosis (53,56,107,126,
135,136,139,141,146) because on T2-weighted images
the intraarticular masses demonstrate a combination 
of high-signal-intensity areas, representing fluid and
congested synovium, interspersed with areas of inter-
mediate to low signal intensity, secondary to random
distribution of hemosiderin in the synovium (Fig. 9-14)
(76,96). In general, MRI shows a low signal on both T1-
and T2-weighted images because of hemosiderin depo-
sition and thick fibrous tissue (24,120) (Fig. 9-15). In
addition, within the mass, signals consistent with fat
can be noted, which are due to clumps of lipid-laden
macrophages (93). Other MRI findings include hyper-
plastic synovium and occasionally bone erosions. Ad-
ministration of gadolinium in the form of Gd-DTPA

Figure 9-12 Pigmented villonodular synovitis. Lateral ra-
diograph of the knee of a 58-year-old man shows a large
suprapatellar joint effusion and a dense, lumpy soft tissue
mass eroding the posterior aspect of the lateral femoral
condyle (arrow). Note that posteriorly the density is greater
than that of a suprapatellar fluid.

Figure 9-13 Pigmented villonodular synovitis: arthrogra-
phy. A: Lateral radiograph of the knee of a 25-year-old
woman shows what appears to be a suprapatellar effusion
(arrows). The density of the fluid, however, is increased, and
there is some lobulation evident. B: Contrast arthrogram of
the knee shows lobulated filling defects in the suprapatellar
pouch, representing lumpy synovial masses. Joint aspiration
yielded thick bloody fluid, which explains the increased den-
sity of the soft tissue mass seen on radiography.

A

B
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leads to a notable increase in overall heterogeneity,
which tends toward an overall increase in signal inten-
sity of the capsule and septae (93). This enhancement
of the synovium allows it to be differentiated from the
fluid invariably present, which does not enhance. Apart
from its diagnostic effectiveness, MRI also is useful in
defining the extent of the disease (92,112).

Histopathology

On histologic examination, PVNS reveals a tumor-like
proliferation of the synovial tissue. A dense infiltration
of mononuclear histiocytes is observed, accompanied
by plasma cells, lymphocytes, and variable numbers of
resorptive giant cells (Fig. 9-16A, B). The villi are made
up of a matrix that contains collagen and reticulin
fibers, with a varied cell population. The villi are also

covered by hyperplastic and reactive-appearing synovial
cells that may contain a large amount of hemosiderin
(11). The synovial layer merges gradually with the un-
derlying cell infiltrate that occupies the central core of
the nodules (11). The stroma of the nodules contains
variable amounts of collagen fibers and foci of large,
epithelioid histiocytic cells that exhibit a macrophagic
activity for hemosiderin and lipids (mainly cholesterol)
(61,118) (Fig. 9-16C). Between these areas giant cells
are present, some of which contain up to 50 nuclei
(61,74). Dilatation of the blood vessels is often ob-
served, and the histiocytic elements may contain vari-
able amounts of hemosiderin or lipids (150). Mitotic
figures are occasionally seen in the stromal and
synovial cells (11). Electron microscopic studies have
demonstrated that the histiocytic cell population of

A B

C

Figure 9-14 Pigmented villonodular synovitis:
magnetic resonance imaging (MRI). A: Lateral
radiograph of the knee of a 22-year-old woman
with several episodes of knee pain and swelling
shows fullness in the suprapatellar bursa that was
interpreted as joint effusion. Note also the in-
creased density in the region of the popliteal
fossa and subtle erosion of the posterior aspect of
the distal femur. B: Sagittal T1-weighted (SE, TR
800, TE 20) MRI shows a lobulated mass in the
suprapatellar bursa, extending into the knee joint
and invading the infrapatellar fat. Note also the
lobulated mass in the posterior aspect of the joint
capsule, extending toward the posterior tibia.
These masses exhibit an intermediate to low sig-
nal intensity. The erosion at the posterior aspect
of the distal femur (supracondylar) is clearly
demonstrated by an area of low signal intensity
(arrow). C: Coronal T2-weighted (SE, TR 1800, TE
80) MRI demonstrates areas of high signal inten-
sity that represent fluid and congested synovium,
interspersed with areas of low signal intensity,
characteristic of hemosiderin deposits.
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Figure 9-15 Pigmented villonodular synovi-
tis: magnetic resonance imaging (MRI).
Coronal (A) and sagittal (B) T1-weighted (SE,
TR 600, TE 12) MR images of the knee of a 40-
year-old man show lobulated low-signal-inten-
sity masses mainly localized to the popliteal
fossa. C: Sagittal T2-weighted (SE, TR 2300, TE
80) MRI shows high-intensity fluid in the supra-
patellar bursa. The lobulated masses of pig-
mented villonodular synovitis remain of low
signal intensity.

PVNS is not uniform but contains two basic cell types:
(a) fibroblasts that produce collagen and proteoglycan
and (b) macrophages that contain hemosiderin and
lipids (85,86,130).

The pathologic spectrum of PVNS parallels the clini-
cal features. Over time, the cellularity of the synovium
diminishes and the degree of fibrosis increases (74). As
the stroma becomes more fibrous, the numbers of
foamy macrophages decrease and they may eventually
disappear. Lesser numbers of lymphocytes and plasma
cells remain, often in a perivascular distribution. He-
mosiderin also persists, although much of it usually dis-
appears (74).

Differential Diagnosis

Radiology

The most common diagnostic possibilities include he-
mophilia, synovial chondromatosis, synovial hemangioma,
osteoarthritis, rheumatoid arthritis, and tuberculous arthritis

(7,63,83,108,123). MRI is very effective in the differen-
tial diagnosis because it can reveal the presence of he-
mosiderin deposition in PVNS (76) (see Fig. 9-14C),
whereas neither monoarticular rheumatoid arthritis nor
synovial hemangioma clearly exhibits this feature. Some
investigators, however, postulate that both hemophilia
and synovial hemangioma may be associated with an
intraarticular bleeding, and hence the hemosiderin
deposition (119). Detection of diffuse hemosiderin
clumps, synovial irregularity and thickening, and dis-
tention of the synovial sac usually suggest the diagnosis
of PVNS (140).

Synovial chondromatosis may manifest with pressure
erosions of the bone similar to those of PVNS, but it
can be distinguished by the presence of multiple joint
bodies, calcified or uncalcified (18) (see Fig. 9-6). Syn-
ovial hemangioma is usually associated with the forma-
tion of phleboliths (15). Synovial sarcoma tends to have
a shorter T1 and longer T2 on MRI compared with
PVNS, and when calcifications are present the latter di-
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agnosis can be excluded. Lipoma arborescens has a very
characteristic appearance on MRI, with its signal com-
patible with fatty tissue and its typical frondlike synovial
projections (see Fig. 9-30). In addition, there is very lit-
tle or no enhancement of the mass after administration
of gadolinium (16,90).

Hemophilia, unlike PVNS, usually affects multiple
joints. The growth disturbances typical of this disorder
are not a feature of PVNS. Tuberculous arthritis, like
PVNS, favors the knee joint and the hip and tends to be
monoarticular. On the radiographs, characteristic sub-
chondral cysts and articular erosions are present, with
relative preservation (at least in the early stages) of the
joint space. However, the most consistent radiographic
finding of tuberculosis arthritis is severe juxtaarticular
osteoporosis, which is not seen in PVNS.

Monoarticular osteoarthritis (degenerative joint disease)
commonly occurs in an older population. Osteoarthritis
affecting large joints, such as the knee and hip, may be
characterized by cyst-like bony lesions that resemble
those of PVNS. The presence of juxtaarticular soft tissue
masses is helpful in distinguishing PVNS from os-
teoarthritis and the former usually exhibits a lack of joint
space narrowing. The formation of hypertrophic spurs
that often occurs in degenerative joint disease is lacking
in PVNS (74). Differentiation between rheumatoid arthri-
tis and PVNS is sometimes more difficult because this
arthropathy causes bony erosions secondary to the for-
mation of a synovial pannus and to a chronic elevation
of intraarticular pressure, which is a similar mechanism

in both conditions (74). The lack of hypertrophic bone
changes in rheumatoid arthritis constitutes another simi-
larity to PVNS. Again, periarticular osteoporosis and the
occasional formation of so-called rice bodies in rheuma-
toid arthritis serve as important differentiating points.
Clinical information is also crucial in this situation.

Pathology

Rheumatoid arthritis may be characterized by synovial hy-
pertrophy and proliferation of villi, which, however, are
usually less prominent than in PVNS and during the
acute phase contain an inflammatory infiltrate with
many plasma cells. These villi also lack conspicuous
hemosiderin deposits. Hemophilia is sometimes charac-
terized by large hemosiderin deposits, but these are
generally confined to the cells that line the synovium.
The subsynovial tissue, also unlike the case with PVNS,
almost completely lacks hemosiderin (11).

When PVNS invades the neighboring bone and ra-
diologically appears like a primary epiphyseal bone
tumor, the histologic presentation may mimic chondro-
blastoma, mainly because of the roundish appearance
of histocytic elements (Remagen, unpublished obser-
vations, 1998) (Fig. 9-17).

Malignant forms of diffuse giant cell tumor are excep-
tions and therefore rarely pose a problem in differen-
tial diagnosis. However, nodular invasion of soft tissues,
sheath-like arrangement of uniform tumor cells, more
extensive necrosis, and atypical mitoses are features in-
dicating malignancy (55,145,147).

A B
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Figure 9-16 Histopathology of pigmented villonodular
synovitis. A: Extended strands of roundish histiocytic cells
and scattered giant cells having formed bundles of con-
densed collagen (center and upper right). In other areas
(lower right) the cells are more spindled (hematoxylin and
eosin, original magnification �25). B: At higher magnifica-
tion there is accumulation of mononuclear cells with inter-
spersed giant cells, which have frequently peripherally
arranged nuclei (center). Condensed collagen fibers some-
times resemble bone matrix (bottom) (hematoxylin and
eosin, original magnification �50). C: In another field of
view there are extended areas of lipid-laden macrophages
and scattered hemosiderin-containing macrophages (hema-
toxylin and eosin, original magnification �25).

5480_Greenspan_Ch09p481-518.qxd  7/20/06  7:29 AM  Page 493



494 — Differential Diagnosis in Orthopaedic Oncology

Localized Pigmented Nodular Tenosynovitis
[Pigmented Giant Cell Tumor of the Synovium
or the (Localized) Giant Cell Tumor of the
Tendon Sheath]

Clinical Presentation

The most common presentation of the localized nodu-
lar form of villonodular synovitis occurs in the tendon
sheaths, mainly on the palmar aspect of the phalanges,
and occasionally in the articular synovium (142). Un-
like PVNS, there is a 2:1 male predominance (11), al-
though some investigators report a slight female pre-
dominance (104,142). It is a well-circumscribed lesion
that affects a small area of the synovium (95) or the ten-
don sheath (104). The main clinical symptom is pain,
although the lesion is frequently asymptomatic (81,86).

Imaging

On radiography, localized nodular tenosynovitis is seen
as a well-circumscribed, dense soft tissue mass, often in
close approximation to a bony erosion (Fig. 9-18) (79).
Pathologic fractures are exceedingly rare (151). Occa-
sionally, the iron stored in histocytes may appear as fine
dispersed densities within the soft tissue mass (Remagen,
unpublished observations, 1998). MRI is rather charac-
teristic. On T1- and T2-weighted images, lesions show
predominantly low signal intensity equal to or slightly
darker than skeletal muscle. On gadolinium-enhanced

T1-weighted images, strong homogenous enhance-
ment is seen (69,95). These findings reflect the under-
lying histologic composition of the lesion: Hemo-
siderin deposition in xanthoma cells and abundant
collagenous proliferation are responsible for low signal
intensity on T1- and T2-weighted images. Strong ho-
mogenous enhancement reflects the presence of nu-
merous proliferative capillaries in the collagenous
stroma (67,95,101,104). Scattered reports have recently
suggested the usefulness of sonography for evaluation
of giant cell tumors of the tendon sheath. In general,
this technique can distinguish between solid and cystic
masses. In the reported cases the lesion under discus-
sion appeared as a solid homogeneous (most common)
or heterogeneous (less common) mass, exhibiting hy-
poechoic or hyperechoic characteristics (115), and oc-
casionally displaying posterior acoustic enhancement
(125). Sonography was effective in excluding the diag-
nosis of ganglion cyst, which may mimic the giant cell
tumor of the tendon sheath, based on the former le-
sion’s characteristic sonographic appearance as a cystic
mass (62). In addition to characterizing giant cell tu-
mor as a solid-appearing mass, ultrasound provides
information about the extent of contact and the cir-
cumferential involvement of the tendon (115).

Histopathology

Pathologically, the tumor is firm, round, oval, or lobu-
lated and is usually contained within a dense fibrotic
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Figure 9-17 Histopathology of chondroblastoma-like pig-
mented villonodular synovitis. A: Cancellous bone from ar-
ticular end of tibia shows infiltration by large roundish cells
exhibiting some pleomorphism and nuclear hyperchroma-
tism, originally mistaken for chondroblastoma (hematoxylin
and eosin, original magnification �100). B: With Giemsa
stain the matrix even more resembles a chondroblastic tu-
mor (Giemsa, original magnification �100). C: The tissue
obtained from the interior of the knee joint shows typical
appearance of PVNS (hematoxylin and eosin, original magni-
fication �100).
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capsule. The size of the tumor varies from a few mil-
limeters to several centimeters in diameter. Microscopic
examination reveals collagenous connective tissue with
a wide variation in the proportion of matrix to tumor
cells (Fig. 9-19). The round to polygonal synovial-like
cells are the basic component of this tumor. Mitoses
may be present, but rarely are numerous. Although
giant cells are a constant feature, they vary in number.
Foam cells and hemosiderin-laden macrophages, al-
though often identified, are not a constant feature.
Xanthomatous cells often contain hemosiderin gran-
ules (67,142). The presence of hemosiderin results
from the breakdown of erythrocytes that have ex-
travasated into the tissue.

Differential Diagnosis

Radiology

The differential diagnosis includes synovial sarcoma,
gout, amyloidosis, dermoid (dermal) inclusion cyst, glomus tu-
mor, enchondroma, periosteal chondroma, and fibroma of the
tendon sheath.

Synovial sarcoma is more destructive, the soft tissue
mass is usually larger than in giant cell tumor of the
tendon sheath, and, when true calcifications are pres-
ent (imaging much coarser than the fine densities
caused by hemosiderin deposits), the latter condition
can safely be excluded. A gouty tophus may mimic nodu-
lar tenosynovitis, but it usually contains radiographi-
cally visible calcifications. The bone erosion has a char-
acteristic overhanging edge, and the affected joint is
partially preserved.

Enchondroma exhibits a centric location and pos-
sesses lobulated borders, with frequent matrix calcifica-
tions. Periosteal chondroma may closely mimic giant cell
tumor of the tendon sheath but, again, almost invari-
ably it displays visible soft tissue calcifications.

Fibroma of the tendon sheath is a rare benign lesion that
most commonly affects the extremities (98%), particu-
larly the hands and wrists (82%) (80). The lesion is

Figure 9-18 Giant cell tumor of the tendon sheath.
A: Lateral radiograph of the index finger of a 58-year-old
man shows a soft tissue mass at the site of the proximal
interphalangeal joint. A small erosion is present at the base
of the middle phalanx (arrow). B: Anteroposterior radi-
ograph of the toes in a middle-aged man shows a soft tissue
swelling of the second toe associated with several osteolytic
defects in the middle phalanx (arrows). (Reprinted from
Bullough PG. Atlas of orthopedic pathology, 2nd ed. New
York: Gower, 1992:17.25.)

A

B

Figure 9-19 Histopathology of giant cell tumor of the
tendon sheath. The histiocytic character of the tumor tissue
prevails. The collagen septa are less conspicuous (van
Gieson, original magnification �50).
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composed of tightly packed spindle cells surrounded
by collagen fibers. It closely mimics the giant cell tumor
of the tendon sheath because of its similar clinical pres-
entation, size, location, and gross appearance at pathol-
ogy (64). However, the lesion can be distinguished
from the latter on MRI, which shows a focal nodular
mass adjacent to a tendon sheath with decreased signal
intensity on all pulse sequences, but exhibiting little or

no enhancement after application of gadolinium, un-
like giant cell tumor of the tendon sheath.

Pathology

The cleft-like structures in localized nodular tenosyn-
ovitis may suggest the glandular or biphasic form of syn-
ovial sarcoma. The large numbers of giant cells and the
admixture of histiocytes help in the differential diagno-
sis to exclude the latter malignancy (11). In addition,
the well-defined epithelioid cells characteristic of syn-
ovial sarcoma are not present. IHC is also helpful show-
ing positivity for cytokeratins, epithelial membrane
antigen (EMA), CD99, and BCL2 in synovial sarcoma
(201). If the collagen produced appears very hyalinized
and therefore resembles osteoid, the condition may at
first glance be confused with soft tissue osteosarcoma poor
in matrix (Fig. 9-20). The monomorphism of the cells
and the lack of other malignant features in the nodular
form of PVNS are then helpful in differentiation.

The radiologic and pathologic differential diagnosis
of PVNS and a giant cell tumor of the tendon sheath is
depicted in Figures. 9-21 and 9-22, respectively.

Synovial Hemangioma

Clinical Presentation

Synovial hemangioma is a rare benign lesion that most
commonly affects the knee joint, usually involving the
anterior compartment (163,165). This lesion has also
been found in the elbow (162), wrist, and ankle (157),

Figure 9-21 Radiologic and patho-
logic differential diagnosis of
pigmented villonodular synovitis.

Figure 9-20 Histopathology of giant cell tumor of the
tendon sheath. Sclerotic bundles of collagen fibers (red
structures) resembling osteoid such as produced by malig-
nant cells of osteosarcoma surround clusters of fairly large
histiocytes with several giant cells (van Gieson, original
magnification �50).
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as well as in tendon sheaths (173). Most cases affect
children and adolescents. In one study, 75% of patients
with synovial hemangioma of the knee joint presented
before the age of 16 years, and 35% had a history of
trauma at the site (167). A more recent study involving
20 patients places the average age at the time of presen-
tation at 25 years (range 9 to 49 years) (157). Almost all
patients with synovial hemangioma are symptomatic,
frequently presenting with a swollen knee or with mild
pain or limitation of movement in the joint (170).
Sometimes patients report a history of recurrent
episodes of joint swelling and various degrees of pain of
several years’ duration. Synovial hemangioma is often
associated with an adjacent cutaneous or deep soft tis-
sue hemangioma. For this reason, some investigators
classify knee joint lesions as intraarticular, juxtaarticu-
lar, or intermediate, depending on the extent of in-
volvement (161). Synovial hemangioma is frequently
misdiagnosed, and according to one estimate a correct
preoperative diagnosis is made in only 22% of cases
(157). Pathogenesis of this lesion is yet unclear, and the
possibilities of it being either reactive, malformation,
or tumor are still under consideration (159).

Imaging

Until recently, synovial hemangiomas were evaluated by
a combination of radiography, arthrography, angiogra-
phy, and contrast-enhanced CT. Although radiographs
appear normal in at least half of the patients, they may
reveal soft tissue swelling, a mass around the joint, joint
effusion, or bone erosions (169,171) (Fig. 9-23). Phle-
boliths, periosteal thickening, advanced maturation of

the epiphysis, and arthritic changes are also occasionally
noted on the radiographs (167) (Fig. 9-24). Arthrogra-
phy usually shows nonspecific filling defects with a
villous configuration. Angiograms yield much more
specific information than radiography (166). They can
often reveal a vascular lesion (164) and can demon-
strate pathognomonic features of hemangioma, leading
to a presumptive diagnosis. Contrast-enhanced CT of
the joint typically reveals a heterogeneous-appearing
soft tissue mass that displays tissue attenuation approxi-
mating that of skeletal muscle and contains areas of de-
creased attenuation, some approaching that of fat (155)
(Fig. 9-25). CT is effective for demonstrating phle-
boliths and revealing patchy enhancement around
them, as well as enhancement of tubular areas and
contrast pooling within the lesion. In some cases, CT re-
veals enlarged vessels feeding and draining the mass, as
well as enlarged adjacent subcutaneous veins (160).

At present, MRI is the modality of choice for evalua-
tion of hemangiomas because with this technique a
presumptive diagnosis can be made. The soft tissue
mass typically exhibits an intermediate signal intensity
on T1-weighted sequences, appearing isointense with
or slightly brighter than muscle but much less bright
than fat. The mass is usually much brighter than subcu-
taneous fat on T2-weighted images and on fat suppres-
sion sequences (Fig. 9-26), and shows thin, often
serpentine low-intensity septa within it (15,156,172)
(Fig. 9-27). In general, the signal intensity characteris-
tics of hemangiomas appear to be related to a number
of factors, including slow flow, thrombosis, vessel occlu-
sion, and increased free water in stagnant blood that

Figure 9-22 Radiologic and path-
ologic differential diagnosis of
giant cell tumor of the tendon
sheath.
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Figure 9-23 Synovial hemangioma. Anteroposterior (A) and lateral (B) radiographs of the right knee of a 7-year-old boy
show articular erosions at femoropatellar and femorotibial joint compartments. Soft tissue masses are seen anteriorly and
posteriorly. An incidental finding is a nonossifying fibroma in the posterior tibia (arrows). (Reprinted with permission from
Greenspan A, Azouz EM, Matthews J II, Décarie J-C. Synovial hemangioma: imaging features in eight histologically proved
cases, review of the literature, and differential diagnosis. Skeletal Radiol 1995;24:583–590.)

Figure 9-24 Synovial hemangioma. Dorsovolar radiograph
of the left wrist of a 15-year-old boy shows narrowing of the
radiocarpal joint, and erosions of the scaphoid and lunate
bones (arrows). Also noted are irregular articular surfaces of
the trapezium-scaphoid and fifth carpometacarpal joints.
(Reprinted with permission from Greenspan A, Azouz EM,
Matthews J II, Décarie J-C. Synovial hemangioma: imaging
features in eight histologically proved cases, review of the lit-
erature, and differential diagnosis. Skeletal Radiol 1995;24:
583–590.)

Figure 9-25 Synovial hemangioma: computed tomogra-
phy. Axial CT section through the knee (same patient as il-
lustrated in Fig. 9.23) shows marginal erosions of the
femoral condyles. Heterogeneous masses are seen anteriorly
and posteriorly with hypodense areas representing fat.
(Reprinted with permission from Greenspan A, Azouz EM,
Matthews J II, Décarie J-C. Synovial hemangioma: imaging
features in eight histologically proved cases, review of the lit-
erature, and differential diagnosis. Skeletal Radiol 1995;24:
583–590.)
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pools in larger vessels and dilated sinuses, as well as to
the variable amounts of adipose tissue in the lesion
(155). After intravenous injection of gadolinium, there
is evidence of enhancement of the hemangioma (156).
In patients with a cavernous hemangioma of the knee,
fluid-fluid levels are also observed (see Fig. 9-26B), a
finding recently reported also in soft tissue heman-
giomas of this type (158).

Histopathology

Originating in the subsynovial layer mesenchyme of the
synovial membrane, synovial hemangioma is a vascular
lesion that contains variable amounts of adipose,

fibrous, and muscle tissue, as well as thrombi in the
vessels. When the lesion is completely intraarticular, it
is usually well-circumscribed and apparently encapsu-
lated, attached to the synovial membrane by a pedicle
of variable size and adherent to the synovium on one or
more surfaces by separable adhesions (154). Grossly,
the tumor is a lobulated soft, brown, doughy mass with
overlying villous synovium that is often stained ma-
hogany-brown by hemosiderin. On microscopic exami-
nation, the lesion exhibits arborizing vascular channels
of different sizes and a hyperplastic overlying synovium,
which may show abundant iron deposition in chronic
cases with repeated hemarthrosis (153) (Fig. 9-28).

A B

C D
Figure 9-26 Synovial hemangioma: magnetic resonance imaging (MRI). A: Sagittal T1-weighted (SE, TR 400, TE 11) MRI
in a 9-year-old boy shows masses isointense with muscle involving the suprapatellar bursa and infrapatellar Hoffa fat. B: With
fat-suppression technique the mass becomes very bright. The fluid-fluid level seen in the popliteal region (arrowheads) is typi-
cal for the cavernous type of synovial hemangioma. In another patient, a 16-year-old girl, axial T2*-weighted (MPGR, TR 500,
TE 15, flip angle 30 degrees) MRI (C) and axial fast spin-echo (FSE, TR 5000, TE 85 Ef) image with fat-suppression technique
(D) show the size and extent of the synovial hemangioma. (Reprinted with permission from Greenspan A, Azouz EM,
Matthews J II, Décarie J-C. Synovial hemangioma: imaging features in eight histologically proved cases, review of the litera-
ture, and differential diagnosis. Skeletal Radiol 1995;24:583–590.)
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Differential Diagnosis

Radiology

The differential diagnosis of synovial hemangioma in-
cludes PVNS and synovial chondromatosis. All proliferative
chronic inflammatory processes, such as rheumatoid
arthritis, tuberculous arthritis, and hemophilic arthropathy,
should also be considered in the differential, but these

conditions when involving the knee can usually be
distinguished clinically. Because it is extremely uncom-
mon, lipoma arborescens is rarely included in the differen-
tial diagnosis (152,174). MRI is diagnostic for this condi-
tion, showing typical frond-like projections of the lesion
and fat characteristics (bright on T1- and intermediate
on T2-weighted images) (183,186) (see Fig. 9-30). In
PVNS, radiographs commonly reveal findings similar to
those of synovial hemangioma, such as joint effusion and
a mass in the suprapatellar bursa or popliteal fossa re-
gion (see Fig. 9-12). Radiographs may also demonstrate
bone erosions on both sides of the joint, which in one
study were reported in 26% of 81 patients (74). As in
synovial hemangioma, arthrography in PVNS may
demonstrate the synovial mass as a nonspecific filling de-
fect (175) (see Fig. 9-13B). Without contrast enhance-
ment, CT cannot identify decreased attenuation associ-
ated with fat within the tumor; contrast-enhanced CT,
however, is diagnostic (60). The synovium in PVNS ex-
hibits nodular thickening and masses of heterogeneous
signal intensity. The majority of the lesion will display a
higher signal intensity than muscle on both T1- and T2-
weighted sequences, with other portions exhibiting a low
signal intensity on all sequences, reflecting the hemo-
siderin content of the tumor (135). Synovial chondromato-
sis can often be diagnosed by radiography when nodules
are calcified. Intraarticular osteochondral fragments of
uniform size are almost pathognomonic for this condi-
tion (see Figs. 9-3 and 9-4). CT may be helpful in demon-
strating faint calcifications not otherwise seen, and MRI
may be useful in delineating the extent of the disease.
However, neither modality is of particular value in estab-
lishing the diagnosis of synovial chondromatosis (168).

Pathology

Synovial hemangioma in the great majority of cases can
be diagnosed on a histopathologic basis with a high de-
gree of confidence. Rarely, cases with atypical presenta-
tion may resemble hemangioendothelioma.

The radiologic and pathologic differential diagnosis
of synovial hemangioma is depicted in Figure 9-29.

Lipoma Arborescens

Clinical Presentation

Lipoma arborescens, also known as villous lipomatous
proliferation of the synovial membranes, is a rare in-
traarticular disorder characterized by a nonneoplastic
lipomatous proliferation of the synovium (35,181).
The term “arborescens” describes the characteristic
treelike morphology of this lesion, which resembles a
frond-like mass (177). Its cause remains unclear,
although an association with osteoarthritis, rheuma-
toid arthritis, psoriasis, diabetes mellitus, and trauma
has been postulated (184,188), suggesting a reactive
rather than a neoplastic process (182). Lipoma ar-
borescens is more prevalent in males, usually in the
fourth and fifth decades. It is usually a monoarticular
disease, most commonly affecting the knee joint, al-
though involvement of other joints, such as shoulder,

Figure 9-27 Synovial hemangioma: magnetic resonance
imaging (MRI). Sagittal T2-weighted (SE, TR 2000, TE 80)
MRI of a 47-year-old woman demonstrates thin, low-intensity
fibrofatty septa within the lesion (arrows). (Reprinted with
permission from Greenspan A, Azouz EM, Matthews J II,
Décarie J-C. Synovial hemangioma: imaging features in eight
histologically proved cases, review of the literature, and differ-
ential diagnosis. Skeletal Radiol 1995;24:583–590.)

Figure 9-28 Histopathology of synovial hemangioma.
The lesion consists of a network of connected blood-filled
spaces within the loose connective tissue of the synovium
(hematoxylin and eosin, original magnification �12.5).
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hip, wrist, elbow, and ankle, has been sporadically
reported by various authors (16,90,152,174,176,178,
179). Occasionally this condition may affect multiple
joints (177,184). There have been sporadic reports of
bursae involvement (180,185). Most patients present
with a long-standing, slowly progressing swelling of
the joint, initially painless but later associated with
pain and limited motion.

Imaging

Radiography shows only a soft tissue density within the
joint, commonly interpreted as “joint effusion.” On CT,
however, the synovial mass is obvious, and attenuation
coefficient measurements are consistent with fat. There
is very little or no enhancement of the mass after admin-
istration of intravenous contrast (90). The appearance
on MRI is very characteristic and allows definite diagno-
sis of this condition (183,186,187,188). Joint effusion is
invariably present, associated with frond-like masses aris-
ing from the synovium that have the signal intensity of
subcutaneous fat (bright on T1 and intermediate on T2
weighting) on all imaging sequences (Fig. 9-30). Occa-
sionally, a chemical shift artifact is present at the fat-fluid
interface.

Pathology

Histopathologically, lipoma arborescens is character-
ized by hyperplasia of subsynovial fat, formation of
mature fat cells, and the presence of proliferative vil-
lous projections. Osseous and chondroid metaplasia
can occur (145).

Differential Diagnosis

Radiology

The differential diagnosis of lipoma arborescens in-
cludes mainly PVNS, synovial chondromatosis, and syn-
ovial hemangioma. In PVNS, radiography reveals find-
ings similar to those of lipoma arborescens, i.e., joint
effusion and an intraarticular mass. MRI, however, is
diagnostic because of characteristic imaging of fatty
areas in the latter condition, whereas PVNS exhibits
on T2-weighted images the paramagnetic effects 
of hemosiderin deposition. Synovial chondromatosis
is most commonly associated with a number of 
radiopaque or radiolucent intraarticular bodies and
commonly with bone erosions. In contrast to lipoma
arborescens, the joint space is preserved. Exclusion 
of synovial hemangioma can be based on CT and MRI.
In lipoma arborescens the former modality will
demonstrate obvious synovial masses and Hounsfield
attenuation coefficient measurements consistent with
fat. In addition, minimal or no enhancement of the
mass after administration of intravenous contrast will
be observed. MRI will show the previously discussed
characteristic features of fatty proliferation in this
condition.

Pathology

Lipoma arborescens poses no problems in differenti-
ating this lesion from other conditions associated with
synovial proliferation, such as PVNS or hypertrophic
synovitis.

Figure 9-29 Radiologic and pathologic differential diagnosis of synovial hemangioma.
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Figure 9-30 Lipoma arborescens: magnetic resonance im-
aging (MRI). A 54-year-old woman presented with history of
fullness in the left knee for the past 5 months. Conventional
radiography (not shown here) revealed knee joint effusion.
A: Sagittal proton-density MRI shows numerous structures
within suprapatellar bursa exhibiting signal intensity con-
sistent with fat (arrows). Coronal (B) and sagittal (C) T2-
weighted fat-suppressed images demonstrate high signal
intensity joint effusion. Hypertrophic synovial villa (arrows)
show signal consistent with fat. (Reprinted from Greenspan A.
Orthopedic imaging – a practical approach, 4th ed. Philadel-
phia: Lippincott Williams & Wilkins, 2004.)
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The radiologic and pathologic differential diagnosis
of lipoma arborescens in shown in Figure 9-31.

Malignant Tumors

Synovial Sarcoma

Synovial sarcoma (previously called “synovioma”) is an
uncommon malignant mesenchymal neoplasm, com-
prising about 8% to 10% of soft tissue sarcomas (201).
Despite its name, it does not arise from synovium
(217). It occurs mainly in paraarticular regions close to
joint capsules, bursae, and tendon sheaths and also in
regions without any relation to synovial structures, e.g.,
parapharyngeal or abdominal (197).

The etiology of synovial sarcoma is undetermined
(201). A consistent finding, present in about 90% of
cases, is a translocation involving chromosomes X and
18 [t(X;18)(p11;q11)], giving rise to a fusion transcript
of the SYT (for synovial sarcoma translocation) gene
on chromosome 18 with the SSX (for synovial sarcoma
X chromosome breakpoint) gene on the X chromo-
some. Involved are three different breakpoint regions
designated SSX1, SSX2, and SSX4 (201). The fusion
protein appears to be involved in gene transcription
(231). For diagnosis, break-apart fluorescent in situ hy-
bridization (FISH) probes for the SYT gene on 18q11.2
(see Fig. 9-37E) or molecular analysis by reverse tran-
scriptase polymerase chain reaction (RT-PCR) is suc-
cessfully employed in addition to IHC (201,205).

Clinical Presentation

The tumor usually occurs before the age of 50 (197),
most commonly between the ages of 16 and 36 years
(196), although cases in much younger pediatric
patients have been reported (214). There is no sex

predilection, although recently Fisher et al. (201)
suggested slight male preponderance. The extremities
account for 83% of synovial sarcomas, but the most
common sites are around the knee and foot (197) (Fig.
9-32). In exceptional instances the tumor may be in-
traarticular (11,194,215). Synovial sarcoma is usually
slow growing with an indolent course, although in late
stages it may demonstrate aggressiveness. Metastases to
the lung by the hematogenous route and to the soft tis-
sue have been reported (216). Schajowicz (225) cited a
local recurrence rate of greater than 50%. The clinical
symptoms usually include soft tissue swelling or a mass
and progressive pain. On physical examination, a dif-
fuse or a discrete soft tissue mass is present, usually ten-
der on palpation.

Imaging

The radiographic features of synovial sarcoma include
a soft tissue mass, usually in close proximity to a joint
(Fig. 9-33) and occasionally associated with bone inva-
sion (193,206). A periosteal reaction may also be ob-
served (229). The soft tissue calcifications, usually
amorphous in type, are present in about 25% to 30% of
cases (197,224) (Fig. 9-34).

CT effectively demonstrates the extent of the soft
tissue mass, calcifications, and bone invasion (191).
MRI shows the tumor to be a heterogeneous, septated
mass of low to intermediate signal intensity with infil-
trative margins on T1-weighted sequences, displaying a
high signal on T2 weighting (204,211,212,220,230)
(Figs. 9-35 and 9-36), and diffuse enhancement after
administration of gadolinium (232,237). This modality
can also demonstrate cyst formation within the tumor
(222). The most extensive MRI study of synovial sar-
coma in 34 patients showed that it tends to be deep,
large (85% were �5 cm in diameter), and located in
the extremities, with the epicenter close to a joint. The

PVNS

PATHOLOGY

RADIOLOGY

Synovial
(osteo)chondromatosis

LIPOMA
ARBORESCENS

Various causes of
hypertrophic synovitis

Synovial
hemangioma

Figure 9-31 Radiologic and patho-
logic differential diagnosis of
lipoma arborescens.
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Synovial Sarcoma

age: 16-36
M = F

common sites

less common sites

Figure 9-32 Synovial sarcoma: skeletal sites of predilec-
tion, peak age range, and male-to-female ratio.

Figure 9-33 Synovial sarcoma. A lateral radiograph of the
left ankle of a 71-year-old woman shows a large calcified
mass located in the soft tissues anteriorly to the Achilles
tendon not affecting the adjacent bones.

Figure 9-34 Synovial sarcoma. A dorsoplantar radiograph
of the right forefoot of a 55-year-old woman shows a large
mass exhibiting coarse calcifications, eroding the proximal
phalanx of the second toe. (Courtesy of Dr. Harold Jacobson,
The Bronx, New York.)
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Figure 9-35 Intraarticular synovial sar-
coma. External oblique radiograph of
the left elbow (A) and axial T1-
weighted (SE, TR 600, TE 20) mag-
netic resonance imaging (MRI) (B) in
an 8-year-old girl show a soft tissue
mass arising from the elbow joint, dis-
playing faint calcifications.A

B

A B
Figure 9-36 Intraarticular synovial sarcoma. A: Anteroposterior radiograph of the left of a 37-year-old man shows an
osteolytic lesion in the femoral neck bordered laterally by sclerotic margin (arrows). B: Scintigraphic (blood pool) examination
demonstrates increased vascularity to the left hip joint (arrows) (continued).

lesion was usually heterogeneous on T2-weighted im-
ages and was clearly delineated from surrounding tis-
sues. Forty-four percent of the cases had a high signal
on both T1- and T2-weighted sequences, consistent
with a hemorrhage within the tumor. Fluid-fluid levels,
best visualized on T2-weighted images, were present in
18% of patients. The tumor commonly involved the
adjacent bone, invading, eroding, or touching it in
71% of patients (208).

Histopathology

Synovial sarcoma, unlike the term implies, does not
arise from synovial tissue (217,227). Most of the tumors
occur in extraarticular locations and bear no resem-
blance to synovium, neither ultrastructurally nor im-
munohistochemically (218). It has been suggested that
synovial sarcoma originates from the pluripotential
mesenchyme of the limb bud (234). Several studies
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have demonstrated a close relationship between cells
that differentiate into osteoblasts and those that differ-
entiate into synovioblasts (190,198,209). This factor
may explain the formation of calcifications and ossifica-
tions in some synovial sarcomas.

Several subtypes of synovial sarcoma are recognized
(235). Among them are biphasic (fibrous and epithe-
lial), monophasic, poorly differentiated (45,192),
purely glandular, and calcifying types (145,201). The
classical biphasic type exhibits distinct spindle-cell and
epithelial components arranged in glandular or nest-
like patterns (Fig. 9-37A). The monophasic synovial
sarcoma is composed of interdigitating fascicles and
“ball-like” structures formed by the spindle cells (Fig.
9-37B). Anastomosing vascular channels similar to
those seen in hemangiopericytoma are occasionally
present. Foci of calcification may also be observed,
usually localized in areas of hyalinization within the

spindle-cell elements of the tumor in the calcifying
type, which may also present with ossification and is
associated with a better prognosis (197,218) (Fig. 
9-38A, B). At the ultrastructural level, abundant mi-
crovilli and many desmosomal attachments can be
seen (192). The spindle cells are closely apposed to
each other and appear polygonal or oval when viewed
by electron microscopy. The cytoplasm demonstrates
well-developed Golgi complexes, rough endoplasmic
reticulum, polyribosomes, and glycogen particles
(210). In the monophasic fibrous type, a spindle cell
pattern predominates, with only a small number of ep-
ithelial cells. The monophasic epithelial type is rare
and closely resembles metastatic carcinoma (192,200).
This type exhibits glandular structures lined with ep-
ithelial cells. If pure glandular forms really exist, they
could be diagnosed with certainty only by molecular
methods. Practically, minute foci of spindle cells have

C D

Figure 9-36 Continued C: Delayed radionuclide
bone scan with 99m-technetium methylene diphos-
phonate (MDP) shows increased uptake of the radio-
pharmaceutical tracer in the femoral head and neck
and around the hip joint. D: Coronal T1-weighted (SE,
TR 850, TE 20) MRI shows a low-signal-intensity lesion
affecting the medial aspect of the left femoral neck (ar-
row). E: Coronal T2-weighted (SE, TR 2000, TE 80)
MRI demonstrates increased signal at the junction of
femoral head and neck and in the medial and lateral
aspects of the hip joint (arrows).

E
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D

Figure 9-37 Histopathology of synovial sarcoma. A: Typi-
cal biphasic appearance of synovial sarcoma with gland-like
spaces (left and below) side-by-side with spindle-cell sarco-
matous areas (hematoxylin and eosin, original magnification
�80). B: In rare cases, the tumor has a monophasic appear-
ance without any gland-like patterns, resembling fibrosar-
coma (hematoxylin and eosin, original magnification �50).
C: Monophasic fibrous synovial sarcoma shows focal positiv-
ity for epithelial membrane antigen (EMA) (biotin-avidin
peroxidase, original magnification �400). D: In addition to
positivity for CD99 and cytokeratins (not shown here),
synovial sarcoma is also positive for BCL2 (biotin-avidin per-
oxidase, original magnification �200). E: Using a double-
labeled fluorescent break-apart probe for the SYT-gene, red
and green signal splitting indicates gene rearrangement
(FISH, original magnification �1,000).
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been present in most of these cases, identifying them
as biphasic synovial sarcomas, by definition (145,201).
The poorly differentiated type contains cells resem-
bling an intermediate form with characteristics of both
epithelial and spindle cells (145). Immunohistochemi-
cal studies have shown a strong positivity for cytoker-
atin and EMA in the epithelial areas (see Fig. 9-37C)
and a clear-cut positivity for the same markers, in addi-
tion to vimentin, in the spindle cell elements (11). Fur-
thermore, synovial sarcomas express CD99 and BCL2
(see Fig. 9-37D), whereas CD34 is almost always absent
(201).

Differential Diagnosis

Radiology

The radiologic differential diagnosis should include soft
tissue chondroma, soft tissue chondrosarcoma, soft tissue os-
teosarcoma, soft tissue fibrosarcoma or malignant fibrous his-
tiocytoma (MFH), myositis ossificans, gout, and tumoral cal-
cinosis. Except for fibrosarcoma and MFH, all of these
entities exhibit calcifications. Therefore, if synovial sar-
coma contains areas of mineralization, it may mimic 
the previously mentioned lesions (195,207,224,233).

Soft tissue chondroma usually presents as a small and
well-defined mass. Unlike synovial sarcoma, the lesion
never invades bone. Soft tissue chondrosarcoma is a rare
tumor that usually arises in the proximal parts of the
extremities and the buttocks (194). This neoplasm may
display an aggressive behavior and hence may invade
adjacent skeletal structures (226,238). Soft tissue os-
teosarcoma is also much less common than synovial sar-
coma. The preferred locations are the upper thighs
and the buttocks. Like chondrosarcoma, this lesion
may invade the osseous structures. Myositis ossificans
usually exhibits a distinctive zoning phenomenon, and
juxtacortical lesions may evoke a well-organized pe-

riosteal reaction, although the cortex is not destroyed
(189,203,223). A gouty tophus usually occurs adjacent to
the joint capsule, and calcifications are less sharply de-
fined. The articular erosion usually exhibits a charac-
teristic overhanging edge. Tumoral calcinosis is a rare
metabolic disease characterized by the presence of sin-
gle or multiple lobulated cystic masses containing
chalky material (202). The condition can be idiopathic
or associated with an abnormal phosphate metabolism
with a high calcium-phosphate product, often due to
secondary hyperparathyroidism (221). Radiographs re-
veal well-demarcated, well-lobulated heterogeneous
calcific masses located around the joints (236). A con-
sistent radiologic finding on conventional radiographs
and CT is that of a dense calcified mass that is homoge-
neous except for a “chicken wire” pattern of lucencies
within the mass, giving the calcifications a “cobble-
stone” appearance (228) that is not seen in synovial sar-
coma. The adjacent bones are not invaded, although a
pressure erosion of the cortex adjacent to the calcified
mass may occasionally occur (228). The diagnosis of id-
iopathic tumoral calcinosis is one of exclusion. All
other causes of soft tissue calcifications must be consid-
ered and excluded before this diagnosis is made.

Pathology

The histologic differential diagnosis of synovial sar-
coma includes soft tissue osteosarcoma, parosteal osteosar-
coma, periosteal fibrosarcoma, Ewing sarcoma, and metastatic
carcinoma. Some synovial sarcomas are characterized by
amorphous calcifications accompanied by extensive os-
sification, sometimes having a ribbon-like pattern, that
simulates osteosarcoma (218). It is important to recog-
nize this variant of synovial sarcoma with bone forma-
tion (see Fig. 9-38) and to distinguish it from extraskele-
tal or parosteal osteosarcoma. The most important point
in the recognition of synovial sarcoma is its biphasic

A B
Figure 9-38 Histopathology of synovial sarcoma. A: Calcifying type of synovial sarcoma exhibits extensive ossification and
mineralization (hematoxylin and eosin, original magnification �100). B: Calcifying type of synovial sarcoma mimics an os-
teosarcoma; however, observe uniformity of spindle cells and absence of overt pleomorphism (hematoxylin and eosin, origi-
nal magnification �400).

5480_Greenspan_Ch09p481-518.qxd  7/20/06  7:30 AM  Page 508



CHAPTER 9 Tumor and Tumor-like Lesions of the Joints — 509

pattern and the uniform appearance of the nuclei of
the epithelial and spindle cells. Another factor that as-
sists in the diagnosis of synovial sarcoma is the finding
of amorphous concretions arranged in sheets and of
small calcospherites located within spaces that are sur-
rounded by flat or conspicuous epithelial cells (218).
The cells are immunoreactive for cytokeratin, EMA,
CD99, and BCL2. A synovial sarcoma with an extensive
spindle cell component (see Fig. 9-37B) may be con-
fused with fibrosarcoma (199). Poorly differentiated
round cell areas may resemble Ewing sarcoma (145).
Moreover, tumors with predominant epithelial glandu-
lar (213) or squamous (219) components are difficult
to differentiate from metastatic carcinoma (218). In this
situation, as mentioned previously, molecular genetic
studies revealing the t(X:18) (p11;q11) translocation
or the SYT–SSX fusion transcript will lead to a correct
diagnosis.

The radiologic and pathologic differential diagnosis
of synovial sarcoma is depicted in Figure 9-39.

Synovial Chondrosarcoma

Synovial chondrosarcoma is a rare tumor that origi-
nates from the synovial membrane. It may arise as a
primary synovial tumor or it may develop as a malignant
transformation of synovial chondromatosis (2,239,240).

The concept of malignant degeneration of synovial
chondromatosis is still controversial and the entity is
rare: fewer than 40 well-documented cases are on
record (17,21,45,241–248).

Clinical Presentation

Most synovial chondrosarcomas are located in the knee
joint. Rarely other joints such as the hip, elbow, or
ankle are affected. These malignancies show a slight
predominance in men and the patients range in age
from 25 to 70 years (Fig. 9-40). The symptoms include
pain and swelling, with duration in most patients ex-
ceeding 12 months (11). In patients with primary syn-
ovial chondromatosis, malignant transformation to syn-
ovial chondrosarcoma should be clinically suspected if
there is development of a soft tissue mass at the site of
the affected joint.

Imaging

Radiologically the presence of chondroid calcifications
within the joint, destruction of the adjacent bones, and
a soft tissue mass are highly suggestive of a synovial
chondrosarcoma. In patients with documented primary
synovial (osteo) chondromatosis, a soft tissue mass and
destructive changes in the joint should alert one to the
development of a secondary synovial chondrosarcoma
(Fig. 9-41). It has to be pointed out, however, that

Figure 9-39 Radiologic and pathologic differential diagnosis of synovial sarcoma.
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Synovial Chondrosarcoma

age: 30-70
M ≥ F

common sites

less common sites

Figure 9-40 Synovial chondrosarcoma: skeletal sites of
predilection, peak age range, and male-to-female ratio.

A

B

C
Figure 9-41 Secondary synovial chondrosarcoma. Antero-
posterior (A) and lateral (B) radiographs of the right ankle of
a 64-year-old man with a long history of synovial chondro-
matosis show a large soft tissue mass on the dorsal aspect of
the ankle joint, eroding the talus. Multiple calcifications, uni-
form in size and shape, are noted laterally (arrow). C: After in-
jection of 15 mCi (555 MBq) of 99m-technetium-labeled
methylene diphosphonate (MDP) there is increased uptake of
radiopharmaceutical tracer in the right ankle (continued).
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frequently both uncomplicated synovial chondromato-
sis and synovial chondrosarcoma may exhibit similar
features on radiography and MRI (246).

Histopathology

The histopathologic distinction between primary syn-
ovial chondromatosis and secondary malignancy in syn-
ovial chondromatosis has been a matter of dispute.
Manivel et al. (28) suggested that histologic features
equivalent to those of grade 2 or 3 central chondrosar-
coma must be present before chondrosarcoma arising
in synovial chondromatosis can be diagnosed. Occa-
sional foci of increased cellularity showing hyperchro-
matic atypical cells, consistent with grade 1 chon-
drosarcoma, should not be sufficient evidence for a
malignant change in synovial chondromatosis (40).
However, evidence of aggressive growth (invasion) and

a lesion’s lack of attachment to the synovial lining, com-
bined with hypercellularity and pleomorphisms of the
cells, should support the diagnosis of malignancy (Figs.
9-42 and 9-43).

Bertoni et al. (2) have attempted to develop criteria
for making this crucial distinction. They identified
several microscopic features indicative of malignancy.
The distinguishing features of synovial chondrosar-
coma include the following: tumor cells arranged in
sheets, myxoid changes in the matrix, hypercellularity
with crowding and spindling of nuclei at the periphery,
necrosis, and permeation of bone trabeculae. Remark-
ing on the danger of misinterpreting synovial chondro-
matosis as chondrosarcoma on both radiographic and
histopathologic examination, these investigators sin-
gled out pulmonary metastases as the only distinguish-
ing feature.

D E

F G
Figure 9-41 Continued D: Sagittal T1-weighted (SE, TR 400, TE 20) magnetic resonance imaging (MRI) shows the mass
displaying intermediate signal intensity, isointense with the muscles. E: Parasagittal T1-weighted (SE, TR 400, TE 20) image
demonstrates the mass to be well encapsulated. F: Coronal proton density (SE, TR 1800, TE 29) MRI shows that the mass is
continuous with the ankle joint. G: Coronal T2-weighted (SE, TR 2000, TE 80) image demonstrates the mass to be of high
signal intensity. Punctate areas of low signal intensity within the mass represent calcifications. (Reprinted with permission from
Ontell F, Greenspan A. Chondrosarcoma complicating synovial chondromatosis: findings with magnetic resonance imaging.
Can Assoc Radiol J 1994;45:319–320.)
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Differential Diagnosis

Radiology

The main differential diagnosis is between synovial
chondrosarcoma and synovial (osteo)chondromatosis.
Frequently, the radiologic findings in both conditions
are similar, although the development of destructive
changes around the affected joint favors synovial chon-
drosarcoma. However, these destructive changes should
be differentiated from periarticular erosions occasion-
ally present in synovial chondromatosis (34). PVNS can
usually be excluded without much difficulty because it
does not exhibit calcifications and, in addition, shows

somewhat characteristic MRI features (see previous dis-
cussion). Exceedingly rare location of synovial chon-
drosarcoma in small joints of the hand can mimic gout
(249). It should be emphasized, however, that even se-
vere cellular atypia per se is not sufficient to render the
diagnosis of synovial chondrosarcoma.

Pathology

The difficulties in distinguishing secondary synovial
chondrosarcoma from synovial chondromatosis have
been discussed previously.

The radiologic and pathologic differential diagnosis
of synovial chondrosarcoma is depicted in Figure 9-44.

A B

C

Figure 9-42 Histopathology of secondary syno-
vial chondrosarcoma. A: Clusters of chondro-
cytes exhibiting mild atypia are characteristic for
synovial chondromatosis (hematoxylin and
eosin, original magnification �100). B: Marked
hypercellularity is visible at the periphery of the
cartilaginous lobules. These areas represent
chondrosarcoma arising in synovial chondro-
matosis (hematoxylin and eosin, original magni-
fication �64). C: Higher power magnification
shows chondrosarcomatous areas with marked
hypercellularity and pleomorphism. Sheaths of
cells are arranged without a pattern (hema-
toxylin and eosin, original magnification �160).
(Reprinted with permission from Ontell F,
Greenspan A. Chondrosarcoma complicating
synovial chondromatosis: findings with mag-
netic resonance imaging. Can Assoc Radiol J
1994;45:321.)
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A B

C

Figure 9-43 Histopathology of secondary synovial chon-
drosarcoma. A: The chondrocytes with clearly pleomor-
phic, sometimes large blastic nuclei (lower right corner) are
unevenly distributed. These differences in the nuclear size
and structure, however, do not indicate malignancy, and
may be features of uncomplicated synovial chondromatosis
(hematoxylin and eosin, original magnification �50). B:
Smaller parts of the benign synovial lesion (lower right) bor-
der the cell-rich tissue of secondary chondrosarcoma of
grade 2–3 (hematoxylin and eosin, original magnification
�50). C: At the proliferation line of the tumor against the fi-
brous connective tissue there is more matrix formation of
the tumor, which here is a grade 2 sarcoma (hematoxylin
and eosin, original magnification �25).

Figure 9-44 Radiologic and pathologic differential diagnosis of synovial chondrosarcoma.
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vs. periosteal chondroma, 423

Giant cell tumor
and lesions containing forms of giant

cells, 400t
chromosomal abnormalities in, 

387–388
clinical presentation of, 388, 388
computed tomography of, 391, 391

Gorham disease of bone, 370
Gossypiboma

vs. high-grade surface osteosarcoma, 133
Gout

vs. nodular tenosynovitis, 495
vs. synovial chondrosarcoma, 512
vs. synovial sarcoma, 508

Gouty tophus
vs. nodular tenosynovitis, 495

Granuloma
eosinophilic. See Langerhans cell histio-

cytosis
giant cell reparative. See Giant cell repar-

ative granuloma

H

Hamartoma
giant notochordal intraosseous

vs. chordoma, 445
Hemangioendothelioma

epithelioid, 375–378
clinical presentation of, 375
differential diagnosis of

pathology in, 377–378, 382
radiology in, 377–378, 382

histopathology of, 375–377, 377
imaging of, 375, 376
magnetic resonance imaging of, 375,

376
vs. adamantinoma, 378
vs. angiosarcoma, 378
vs. Brodie abscess, 378
vs. brown tumor of hyperparathy-

roidism, 378
vs. chondroblastoma, 378
vs. enchondroma, 378
vs. fibrosarcoma, 377–378
vs. giant cell tumor, 378
vs. intraosseous ganglion, 378
vs. intraosseous hemangioma, 368
vs. lymphoma, 377–378
vs. malignant fibrous histiocytoma,

377–378
vs. melanoma, 378
vs. metastatic adenocarcinoma, 378
vs. metastatic carcinoma, 378
vs. metastatic disease, 377–378
vs. mixed chondrosarcoma, 378
vs. multiple myeloma, 377–378
vs. myxoid chondrosarcoma, 378
vs. pseudotumors of hemophilia, 378
vs. telangiectatic osteosarcoma, 378

vs. angiosarcoma, 380
vs. synovial hemangioma, 500

Hemangioma
classification of, 364
epithelioid, 368

vs. intraosseous hemangioma, 368
intraosseous

as lytic lesion, 368, 369
clinical presentation of, 364, 364–365
computed tomography of, 366, 366
differential diagnosis of

pathology in, 368, 369
radiology in, 367–368, 368, 369

histopathology of, 366–367, 367
imaging of, 365, 365–366, 366
magnetic resonance imaging of, 366,

366
scintigraphy of, 366
vs. aneurysmal bone cyst, 367
vs. angiosarcoma, 368

differential diagnosis of
pathology in, 398–399, 400
radiology in, 396–398, 400

diffuse
vs. pigmented villonodular synovitis,

493
histopathology of, 395, 395–396
imaging of, 388–395, 389, 390, 391, 392,

393,394–395
magnetic resonance imaging of, 391,

392, 393, 394–395
malignant, 396
mononuclear component of, 387
of tendon sheath. See Tenosynovitis,

nodular
pigmented

of synovium. See Tenosynovitis,
nodular

plain film radiography of, 388, 389, 390,
391

radionuclide bone scan of, 391–395
scintigraphy of, 391
vs. aneurysmal bone cyst, 397, 398, 398,

418
vs. benign fibrous histiocytoma, 267, 397,

398
vs. brown tumor of hyperparathyroidism,

397, 398, 399
vs. chondroblastoma, 205, 207
vs. chondromyxoid fibroma, 209, 398
vs. chondrosarcoma, 397
vs. clear cell chondrosarcoma, 244, 244,

398
vs. desmoplastic fibroma, 296
vs. enchondroma, 176, 177
vs. epithelioid hemangioendothelioma,

378
vs. fibroblastic osteosarcoma, 397
vs. fibrosarcoma, 306, 397
vs. fibrous cortical defect, 398
vs. fibrous dysplasia, 287, 289
vs. fibrous malignant histiocytoma, 399
vs. giant cell reparative granuloma, 397,

422–423
vs. hemangiopericytoma, 382
vs. intraosseous ganglion, 397, 397
vs. malignant fibrous histiocytoma, 306,

307, 397
vs. metastases, 397, 397, 470
vs. multiple myeloma, 353
vs. myeloma, 397
vs. nonossifying fibroma, 265, 398
vs. osteoblastoma, 84
vs. osteosarcoma, 399
vs. telangiectatic osteosarcoma, 399

Giemsa stain, 28, 29
Glomangioma, 374, 375
Glomangiomyoma, 374, 375
Glomulin, 374
Glomus tumor

clinical presentation of, 374
differential diagnosis of, 374, 375
histopathology of, 374
imaging of, 374
vs. aneurysmal bone cyst, 374
vs. enchondroma, 374
vs. epidermal inclusion cyst, 374
vs. hemangiopericytoma, 382
vs. metastatic disease, 374
vs. nodular tenosynovitis, 495
vs. sarcoidosis, 374
vs. tuberous sclerosis, 374

Gomori stain, 28, 29
Gorham disease

vs. cystic angiomatosis, 371
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Hemangioma (continued)
vs. epithelioid hemangioendo-

thelioma, 368
vs. epithelioid hemangioma, 368
vs. fibrous dysplasia, 367
vs. Langerhans cell histiocytosis, 367
vs. metastasis, 367
vs. myeloma, 367
vs. osteopenia, 367, 368
vs. Paget disease, 367–368, 368
vs. skeletal angiomatosis, 368

sclerosing
vs. hemangiopericytoma, 382
vs. metastases, 470

synovial, 368
clinical presentation of, 496–497
computed tomography of, 497, 498
differential diagnosis of, 500, 501
histopathology of, 499, 500
imaging of, 497–499, 498, 499
magnetic resonance imaging of,

497–499, 499
vs. hemangioendothelioma, 500
vs. hemophilic arthropathy, 500
vs. lipoma arborescens, 500, 501
vs. pigmented villonodular synovitis,

492, 500
vs. rheumatoid arthritis, 500
vs. synovial chondromatosis, 487, 498,

499, 500
vs. tuberculous arthritis, 500

vs. Langerhans cell histiocytosis, 321
vs. metastases, 470, 473

Hemangiomatosis
sclerosing

vs. metastases, 472
skeletal. See Angiomatosis, cystic
vs. lymphangioma, 372
vs. metastases, 473

Hemangiopericytoma, 380–383
clinical presentation of, 381
differential diagnosis of, 381–383, 382
histopathology of, 381, 382
imaging of, 381, 381
vs. aneurysmal bone cyst, 382
vs. angiosarcoma, 380
vs. giant cell tumor, 382
vs. glomus tumor, 382
vs. intraosseous myofibroma, 382
vs. myofibromatosis, 382
vs. osteoblastic metastases, 382
vs. sclerosing hemangiomas, 382
vs. synovial sarcoma, 382

Hematoxylin and eosin stain, 28, 28
Hemolymphangiomatosis

hamartous. See Angiomatosis, cystic
Hemophilia

vs. pigmented villonodular synovitis, 492,
493

Hemophilic arthropathy
vs. synovial hemangioma, 500

Hemophilic pseudotumor
vs. cystic angiomatosis, 371
vs. epithelioid hemangioendothelioma,

378
vs. Langerhans cell histiocytosis, 321
vs. metastases, 470, 472

Histiocytic disorders
non-Langerhans cell

vs. nonossifying fibroma, 265
Histiocytoma

fibrous
benign

clinical presentation of, 266, 268
differential diagnosis of, 267, 270

histopathology of, 266–267, 269
imaging of, 266, 268
vs. giant cell tumor, 267, 397, 398
vs. intraosseous ganglion, 267
vs. nonossifying fibroma, 265, 267
vs. osteoblastoma, 267

histopathology of, 140–142, 143
malignant, 297–308

clinical presentation of, 301, 302
differential diagnosis of

pathology in, 308, 308
radiology in, 306–308, 307–308

genetic analysis in, 300
histopathology of, 301–304, 305,

306
imaging of, 301, 303, 304
magnetic resonance of, 301, 304
origin of, 300–301
vs. adamantinoma, 308
vs. angiosarcoma, 380
vs. brown tumor of hyperparathy-

roidism, 306
vs. chondrosarcoma, 306–308
vs. clear cell sarcoma, 308
vs. dedifferentiated chondrosarco-

ma, 245
vs. desmoplastic fibroma, 296–297,

308
vs. epithelioid hemangioendo-

thelioma, 377–378
vs. Ewing sarcoma, 308
vs. fibroblastic osteosarcoma, 308
vs. fibrocartilaginous mesenchy-

moma, 429
vs. giant cell tumor, 306, 307, 397,

399
vs. leiomyosarcoma, 446
vs. lymphoma, 306
vs. malignant lymphoma, 345
vs. melanomas, 308
vs. metastases, 306, 470, 473
vs. multiple myeloma, 353
vs. nonossifying fibroma, 265
vs. osteosarcoma, 308
vs. primary leiomyosarcomas, 308
vs. sarcomatoid carcinoma, 308
vs. sclerosing lymphoma, 308
vs. soft tissue sarcoma, 308
vs. solitary myeloma, 306
vs. synovial sarcoma, 308

Histiocytosis
Langerhans cell. See Langerhans cell

histiocytosis
Histiocytosis X. See Langerhans cell

histiocytosis
Hodgkin disease. See Lymphoma, Hodgkin
Hodgkin lymphoma. See Lymphoma,

Hodgkin
Humerus

pseudotumor of
vs. chondroblastoma, 205, 208

Hyperparathyroidism
brown tumor of

vs. cystic angiomatosis, 371
vs. epithelioid hemangioendothe-

lioma, 378
vs. fibrosarcoma and malignant

fibrous histiocytoma, 308
vs. giant cell reparative granuloma, 423
vs. giant cell tumor, 397, 398, 399
vs. Langerhans cell histiocytosis, 321,

322
vs. metastases, 470, 472
vs. multiple myeloma, 353, 354
vs. simple bone cyst, 406

secondary
vs. metastases, 472

Hypertrophic synovitis
vs. lipoma arborescens, 501

I

Immunohistochemistry, 28–32, 31
Infarct

bone. See Bone infarct

J

Jaffe-Campanacci syndrome
vs. fibrous dysplasia, 287

Joints
tumors and tumor-like lesions of,

481–518

K

Kempson-Campanacci lesion. See Dysplasia,
osteofibrous

L

Langer-Giedion syndrome, 187
Langerhans cell histiocytosis, 314–323

characterization of, 314–315
clinical presentation of, 315, 315
computed tomography of, 318
differential diagnosis of

pathology in, 322–323, 323
radiology in, 319–322, 323

histopathology of, 318–319, 321, 322
imaging of, 315–318, 316, 317, 318, 319,

320
incidence of, 314
magnetic resonance imaging of, 318,

319, 320
vs. aneurysmal bone cyst, 321, 322
vs. brown tumor of hyperparathyroidism,

321, 322
vs. Chester-Erdheim  disease, 322–323
vs. chondroblastoma, 205
vs. cystic angiomatosis, 322, 371
vs. Ewing sarcoma, 321
vs. fibrous dysplasia, 321, 322
vs. hemangioma, 321
vs. hemophilic pseudotumor, 321
vs. infantile myofibromatosis, 322
vs. intraosseous hemangioma, 367
vs. leiomyosarcoma, 446
vs. leukemia, 322
vs. lymphangioma, 372
vs. lymphoma, 322
vs. metastases, 321, 322, 472
vs. myeloma, 321, 322
vs. nonossifying fibroma, 265
vs. osteomyelitis, 321, 322
vs. Paget disease, 321
vs. simple bone cyst, 321
vs. xanthogranuloma of bone, 

322–323
vs. xanthoma of bone, 322–323

Langerhans cell sarcoma, 319
Leiomyosarcoma, 445–450

clinical presentation of, 445, 447
computed tomography of, 448
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differential diagnosis of, 446–450, 449
histopathology of, 446, 449
imaging of, 445–446, 447, 448
magnetic resonance imaging of, 446, 448
primary

vs. fibrosarcoma and malignant
fibrous histiocytoma, 308

vs. Ewing sarcoma, 446
vs. fibrosarcoma, 446
vs. Langerhans cell histiocytosis, 446
vs. lymphoma, 446
vs. malignant fibrous histiocytoma, 446
vs. metastases, 473
vs. osteosarcoma, 446
vs. solitary metastasis, 446

Leukemia
vs. Langerhans cell histiocytosis, 322

Leukemic infiltrate
vs. malignant lymphoma, 345

Li-Fraumeni syndrome, 109
Lipid metabolism

disturbances of
vs. nonossifying fibroma, 265

Lipoma
intraosseous, 424–425

clinical presentation of, 424–425
differential diagnosis of, 425, 428
histopathology of, 425
imaging of, 425, 426, 427
magnetic resonance imaging of, 425,

427
vs. aneurysmal bone cyst, 425
vs. intraosseous liposarcoma, 425
vs. medullary bone infarct, 425, 428
vs. simple bone cyst, 425

ossified parosteal
vs. osteoma, 46, 48
vs. parosteal osteosarcoma, 133

Lipoma arborescens, 500–503
clinical presentation of, 500–501
computed tomography of, 501
differential diagnosis of, 501, 503
histopathology of, 501
imaging of, 501, 502
magnetic resonance imaging of, 501, 502
vs. hypertrophic synovitis, 501
vs. pigmented villonodular synovitis,

492–493, 501
vs. synovial chondromatosis, 487, 501,

502
vs. synovial hemangioma, 500, 501

Liposarcoma
differential diagnosis of, 135
intraosseous

vs. intraosseous lipoma, 425
myxoid

vs. myxoid chondrosarcoma, 246
Lymphangiectasia

cystic. See Angiomatosis, cystic
Lymphangioma

classification of, 371
clinical presentation of, 371
differential diagnosis of, 372–374, 373
histopathology of, 372
imaging of, 371–372, 373
vs. congenital fibromatosis, 372
vs. fibrosarcoma, 372
vs. Gaucher disease, 372
vs. hemangiomatosis, 372
vs. Langerhans cell histiocytosis, 372
vs. lymphoma, 372
vs. metastatic neuroblastoma, 372
vs. plasmacytoma, 372
vs. polyostotic fibrous dysplasia, 

372

Mastocytosis
vs. cystic angiomatosis, 371
vs. metastases, 472

Medullary bone abscess
vs. osteoid osteoma, 70, 70

Melanoma
amelanotic

vs. malignant lymphoma, 345
vs. epithelioid hemangioendothelioma,

378
vs. fibrosarcoma and malignant fibrous

histiocytoma, 308
Melorheostosis

vs. osteoma, 46, 48, 51
Mesenchymoma

benign
vs. soft tissue chondroma, 182

fibrocartilaginous, 425–430
clinical presentation of, 425
computed tomography of, 425–429,

431
differential diagnosis of, 429, 431
histopathology of, 429, 430, 431
imaging of, 425–429, 429, 430
“shrimp cocktail” appearance of, 429,

430
vs. aneurysmal bone cyst, 429
vs. chondromyxoid fibroma, 429
vs. chondrosarcoma, 429
vs. desmoplastic fibroma, 429
vs. fibrocartilaginous dysplasia, 429
vs. fibrosarcoma, 429
vs. malignant fibrous histiocytoma, 429
vs. osteosarcoma, 429

malignant
of bone

vs. mesenchymal chondrosarcoma,
246

Metaphyseal defect. See Fibrous cortical
defect

Metastases, 458–480
blow-out lesions of, 462, 466
clinical presentation of, 459, 459
computed tomography of, 459, 466, 467
cortical, 473

differential diagnosis of, 477
differential diagnosis of, 469–474, 470,

471, 472,473, 475, 476, 477
pathology in, 473–474
radiology in, 469–473, 470, 471, 472,

473
from primary tumors, 458–459
histopathology of, 466–468, 468, 469
imaging of, 459–466, 460, 461, 462, 463,

464, 465,466, 467, 468
magnetic resonance imaging of, 459,

462–463, 466, 468
mixed, 462, 463
osteoblastic

differential diagnosis of, 476, 477
osteolytic, 461, 461, 463

differential diagnosis of, 469–470, 470,
475, 476

origin of, 461, 461
radionuclide bone scan in, 463–466
scintigraphy of, 459, 460, 463
sclerotic, 461, 462, 463, 463

differential diagnosis of, 470, 472
skeletal, 472, 473
solitary

differential diagnosis of, 469, 470
vs. aneurysmal bone cyst, 473
vs. angiosarcoma, 380
vs. brown tumor of hyperparathyroidism,

470, 472

Lymphangiomatosis
clinical presentation of, 371
differential diagnosis of, 372–374, 373
histopathology of, 372
imaging of, 371–372, 373

Lymphoma
Burkitt, 335, 342
histology of, 143
Hodgkin, 334–335

histopathology of, 340–343, 343, 344
vs. Langerhans cell histiocytosis, 322
vs. metastases, 470

large cell
vs. Ewing sarcoma, 332

malignant, 334–345
clinical presentation of, 335–336, 

336
computed tomography of, 336, 338,

339, 340
differential diagnosis of

pathology in, 345, 346
radiology in, 343–345, 344, 346

histopathology of, 340–343, 341, 342,
343, 344

imaging of, 336, 337, 338, 339, 340
incidence of, 335
magnetic resonance imaging of, 336
radionuclide bone scan of, 336, 339
Revised European-American

Lymphoma Classification
and,335, 335t

scintigraphy of, 336, 339
subdivision of, 334–335
vs. amelanotic melanoma, 345
vs. Ewing sarcoma, 332, 343, 345
vs. leukemic infiltrate, 345
vs. malignant fibrous histiocytosis, 

345
vs. metastatic carcinoma, 343, 345
vs. metastatic neuroblastoma, 

343, 345
vs. myeloic (granulocytic) sarcoma,

345
vs. osteomyelitis, 343–345
vs. osteosarcoma, 343
vs. Paget disease, 343, 344
vs. plasmacytoma, 343

non-Hodgkin, 335
sclerosing

vs. fibrosarcoma and malignant
fibrous histiocytoma, 308

vs. angiosarcoma, 380
vs. chordoma, 445
vs. cystic angiomatosis, 371
vs. epithelioid hemangioendothelioma,

377–378
vs. Ewing sarcoma, 331
vs. fibrosarcoma and malignant fibrous

histiocytoma, 306
vs. Langerhans cell histiocytosis, 322
vs. leiomyosarcoma, 446
vs. lymphangioma, 372
vs. metastases, 470

M

Maffucci syndrome
histopathology of, 170–172, 174
imaging of, 170, 174

Magnetic resonance imaging, 2, 20–22, 25,
26, 27, 27t

Malignant fibrous histiocytoma. See
Histiocytoma,fibrous, malignant
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Metastases (continued) 
vs. chordoma, 445
vs. condensing osteitis, 470
vs. cortical bone abscess, 473
vs. cortical osteosarcoma, 473
vs. cystic angiomatosis, 371
vs. epithelioid hemangioendothelioma,

377–378
vs. Erdheim-Chester disease, 472, 473
vs. fibrosarcoma, 306, 308, 470, 473
vs. giant cell tumor, 397, 397, 470
vs. glomus tumor, 374
vs. hemangioma, 470, 473
vs. hemangiomatosis, 473
vs. hemangiopericytoma, 382
vs. Hodgkin lymphoma, 470
vs. intraosseous ganglion, 470
vs. intraosseous hemangioma, 367
vs. Langerhans cell histiocytosis, 321,

322, 472
vs. leiomyosarcoma, 446, 473
vs. lymphoma, 470, 472
vs. malignant fibrous histiocytoma, 306,

308, 470, 473
vs. malignant lymphoma, 343, 345
vs. mastocytosis, 472
vs. multiple myeloma, 353, 355, 472
vs. osteoid osteoma, 473
vs. osteomyelitis, 472
vs. osteopoikilosis, 472, 472
vs. osteosarcoma, 470, 472, 473, 474
vs. osteosarcomatosis, 472
vs. Paget disease, 470, 472, 473
vs. plasmacytoma, 470, 473
vs. pseudotumor of hemophilia, 470, 

472
vs. sclerosing hemangioma, 470
vs. sclerosing hemangiomatosis, 472
vs. secondary hyperparathyroidism, 472
vs. spontaneous osteonecrosis, 470
vs. synovial sarcoma, 473, 508, 509

Metastatic carcinoma
vs. malignant lymphoma, 343, 345

Molecular cytogenetics, 34, 34, 35
Multiple myeloma

clinical presentation of, 346–347, 347
computed tomography of, 348–349, 350
differential diagnosis of

pathology in, 354, 356
radiology in, 353–354, 356

histopathology of, 352, 352–353, 353
imaging of, 347–352, 348, 349, 

350–351
magnetic resonance imaging of, 349,

350–351
monoclonal gammopathy of unknown

significance and,345–346
myeloma cells and, 345–346
vs. angiosarcoma, 380
vs. brown tumors of hyperpara-

thyroidism, 353, 354
vs. cystic angiomatosis, 371
vs. epithelioid hemangioendothelioma,

377–378
vs. fibrosarcoma, 353
vs. Gaucher disease, 353, 354
vs. giant cell tumor, 353
vs. lymphangioma, 372
vs. malignant fibrous histiocytoma, 353
vs. metastases, 353, 472
vs. metastatic carcinoma, 353, 355
vs. osteoporosis, 353

Musculoskeletal neoplasms
imaging of, 2, 2

Myeloma
multiple. See Multiple myeloma
sclerosing variant of

vs. cystic angiomatosis, 371
solitary

vs. fibrosarcoma and malignant
fibrous histiocytoma, 306

vs. giant cell tumor, 397
vs. intraosseous hemangioma, 367
vs. Langerhans cell histiocytosis, 321, 322

Myofibroma
intraosseous

vs. hemangiopericytoma, 382
Myofibromatosis

infantile
vs. Langerhans cell histiocytosis, 322

vs. hemangiopericytoma, 382
Myositis ossificans

histopathology of, 138, 139
juxtacortical, 133–135, 134, 135

vs. osteoma, 46, 47
vs. parosteal osteosarcoma, 133

vs. parosteal osteosarcoma, 133
vs. periosteal osteosarcoma, 133
vs. soft tissue chondroma, 182
vs. soft tissue chondrosarcoma, 244, 244
vs. synovial sarcoma, 508

Myositis ossificans circumscripta
vs. osteoma, 46, 50

Myxofibrous tumor
liposclerosing

vs. fibrous dysplasia, 286–287, 287,
288, 289

Myxoid chondrosarcoma. See
Chondrosarcoma(s), myxoid

Myxoma
vs. myxoid chondrosarcoma, 246

N

Neuroblastoma
metastatic

vs. Ewing sarcoma, 322, 331
vs. lymphangioma, 372

Neurofibromatosis
vs. fibrous dysplasia, 287

Nora lesion
histopathology of, 138–139, 140

Notochordal cell tumors
benign

vs. chordoma, 445
Notochordal rests

giant
vs. chordoma, 445

Novotny stain, 28, 29

O

Ollier disease. See Enchondromatosis
(Ollier disease)

Osteitis
condensing

vs. metastases, 470
Osteitis fibrosa disseminata. See Dysplasia,

fibrous
Osteoarthritis

vs. pigmented villonodular synovitis, 492,
493

Osteoblastoma, 74–84
aggressive, 76–77, 78

blow-out expansion of, 76, 77
clinical presentation of, 74–76
computed tomography of, 77, 79, 80
conventional tomography of, 77, 79
differential diagnosis of

pathology of, 83–84, 85, 86t
radiology in, 81–83, 85, 86t

enchondroma-like, 81, 85
giant, 76, 77
histopathology of, 78–81, 82, 83, 84
imaging of, 76–78, 77, 78, 79, 80, 81
magnetic resonance imaging of, 77–78, 81
periosteal

vs. osteoma, 46, 48, 50
scintigraphy of, 77, 79
sites of, 74, 76
vs. aneurysmal bone cyst, 83–84, 419, 420
vs. benign fibrous histiocytoma, 267
vs. bone abscess, 70, 81, 85
vs. cementoblastoma, 84
vs. chondroblastoma, 205
vs. conventional medullary osteosarcoma,

135–136
vs. giant cell tumor, 84
vs. giant osteoid osteoma, 76, 77
vs. osteoid osteoma, 68, 70, 71–74, 83–84
vs. osteosarcoma, 78, 81–83, 84

Osteochondroma
clinical presentation of, 184, 185
complications of, 184, 195, 196
computed tomography of, 184–185, 187,

188, 189
differential diagnosis of

pathology in, 198, 201
radiology in, 193–198, 196, 197, 198,

199, 200
epiphyseal or intraarticular, 195, 199
histopathology of, 185, 190
imaging of, 184–185, 186, 187, 188, 189
magnetic resonance imaging of, 185,

188, 189
malignant transformation of, 184, 186t,

193, 195, 198,241, 241–242
multiple hereditary, 185–193, 191, 192,

193, 194, 195
skeletal sites of, 187, 191

sessile
vs. osteoma, 46, 46, 49
vs. parosteal osteosarcoma, 133
vs. periosteal chondroma, 178–179,

179–181
soft tissue

vs. soft tissue chondroma, 182
vs. bursa exostotica, 195, 197
vs. dysplasia epiphysealis hemimelica,

195, 199
vs. exostotic chondrosarcoma, 193, 196,

198, 201
vs. intracortical enchondroma, 173,

176–177
vs. osteosarcoma, 139

Osteochondromatosis, 212
hereditary, 185–193, 191, 192, 193, 194,

195
skeletal sites of, 187, 191

secondary
vs. synovial chondromatosis, 486

synovial. See Chondromatosis, synovial
Osteodystrophia fibrosa. See Dysplasia,

fibrous
Osteodystrophy

fibrous. See Dysplasia, fibrous
Osteofibrous dysplasia. See Dysplasia,

osteofibrous
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Osteogenic lesions, 40–157
benign, 40–84

Osteoid osteoma, 59–74
clinical presentation of, 60–61
computed tomography in, 61–65, 65, 66,

67
differential diagnosis of, 71, 72, 73t

pathology in, 71–74, 73t, 75
radiology in, 68–71, 70, 71, 72

giant
vs. osteoblastoma, 76, 77

histopathology of, 65–68, 69
imaging of, 61–65, 62, 63, 64, 65, 66, 67,

68
intraarticular

vs. chondroblastoma, 205
magnetic resonance imaging of, 65, 67,

68
scintigraphy of, 61, 64
skeletal sites of, 60–61, 61
vs. adamantinoma, 437
vs. cortical bone abscess, 68, 70
vs. cortical stress fracture, 68, 70
vs. enostosis, 68–71, 71, 74, 74
vs. intracortical osteosarcoma, 68
vs. medullary bone abscess, 70, 70
vs. metastases, 473
vs. osteoblastoma, 68, 70, 71–74, 83–84
vs. osteosarcoma, 71

Osteoma, 40–51
clinical presentation of, 40–41
computed tomography in, 41–43, 42
differential diagnosis of, 44, 44–51, 45t,

52
pathology in, 46–51, 49, 50, 51
radiology in, 44, 44–46, 45t

histopathology of, 43, 43
osteoid. See Osteoid osteoma
radiography in, 41–43, 42
sites of, 40, 41
vs. juxtacortical myositis ossificans, 46, 47
vs. melorheostosis, 46, 48, 51
vs. myositis ossificans circumscripta, 46, 50
vs. ossified parosteal lipoma, 46, 48
vs. parosteal osteosarcoma, 44, 45, 46, 49,

133
vs. periosteal osteoblastoma, 46, 48, 50
vs. sessile osteochondroma, 46, 46, 49

Osteomyelitis
vs. adamantinoma, 434, 437
vs. chordoma, 445
vs. Ewing sarcoma, 327, 330, 332
vs. Langerhans cell histiocytosis, 321, 322
vs. malignant lymphoma, 343–345
vs. metastases, 472

Osteonecrosis
postirradiation

vs. postirradiation osteosarcoma, 133
spontaneous

vs. metastases, 470
vs. chondroblastoma, 205
vs. chondrosarcoma, 244

Osteopenia
vs. intraosseous hemangioma, 367, 368

Osteopoikilosis, 59
vs. metastases, 472, 472

Osteoporosis
vs. multiple myeloma, 353

Osteosarcoma(s), 84–89
arteriography of, 87
chondroblastic

histopathology of, 139–140, 141, 142
vs. conventional chondrosarcoma, 

245

osteoblastic
histopathology of, 139, 140

Paget
differential diagnosis of, 133

parosteal, 113–114, 114, 115, 116,
117–118

dedifferentiated, 114, 119–120
differential diagnosis of, 133, 136–138

radiologic and pathologic, 147
vs. osteoma, 44, 45, 46, 49
vs. synovial sarcoma, 508

periosteal, 114–118, 120, 121, 122, 123
differential diagnosis of

radiologic and pathologic, 148
histopathology of, 136, 137
vs. high-grade surface osteosarcoma,

133
vs. myositis ossificans, 133
vs. periosteal chondroma, 182
vs. periosteal chondrosarcoma, 133,

244, 247, 247
postirradiation, 128, 132

vs. postirradiation osteonecrosis, 133
primary, 89–111
radiography of, 87
radionuclide bone scan of, 87
secondary, 127–128, 144
small cell, 99–102, 102

differential diagnosis of, 143
radiologic and pathologic, 145

vs. Ewing sarcoma, 332–333
vs. mesenchymal chondrosarcoma, 246

soft tissue, 118–127, 124, 125–126, 133
differential diagnosis of

radiologic and pathologic, 148
vs. nodular tenosynovitis, 495
vs. synovial sarcoma, 508

surface (juxtacortical), 111–118, 113
high-grade, 118, 123, 124

telangiectatic, 102–104, 103–104, 105,
106, 107

differential diagnosis of, 133, 146
vs. aneurysmal bone cyst, 143, 143,

144, 419
vs. angiosarcoma, 380
vs. epithelioid hemangioendothelioma,

378
vs. giant cell-rich osteosarcoma,

142–143
vs. giant cell tumor, 399

tomography of, 87
various presentations of, 90, 92
vs. aneurysmal bone cyst, 418, 419
vs. clear cell chondrosarcoma, 245–246,

246
vs. Ewing sarcoma, 129–133, 132, 328,

330–331
vs. fibrocartilaginous mesenchymoma,

429
vs. fibrosarcoma and malignant fibrous

histiocytoma, 308
vs. fibrous dysplasia, 133
vs. giant cell tumor, 399
vs. leiomyosarcoma, 446
vs. malignant lymphoma, 343
vs. metastases, 470, 472, 473, 474
vs. osteoblastoma, 78, 81–83, 84
vs. osteochondroma, 139
vs. osteoid osteoma, 71
WHO classification of, 87, 87t, 88
with unusual clinical presentation,

108–111
Osteosarcomatosis

vs. metastases, 472

vs. dedifferentiated chondrosarcoma,
245

clinical presentation of, 87
computed tomography of, 87
conventional

differential diagnosis of
radiologic and pathologic, 145

conventional medullary
differential diagnosis of, 129–133, 132
vs. osteoblastoma, 135–136

cortical
vs. metastases, 473

differential diagnosis of
pathology in, 135
radiology in, 129–135

epithelioid
histopathology of, 91, 101

extraskeletal
differential diagnosis of, 133
vs. synovial sarcoma, 508

fibroblastic
histopathology of, 140–141, 142
vs. desmoplastic fibroma, 297
vs. fibrosarcoma and malignant

fibrous histiocytoma, 308
vs. fibrous dysplasia, 287
vs. giant cell tumor, 397

fibrohistiocytic, 91–99
giant cell-rich, 99, 101
gnathic, 105–108, 111
grading of, 88t, 88–89, 89t
high-grade surface

differential diagnosis of, 136
vs. gossypiboma, 133
vs. periosteal osteosarcoma, 133

histologic differentiation of, 139–144
histologic subtypes of, 91, 100
histology and cytology of, 135–136, 136,

137
histopathology of, 87–89
imaging of, 87
in bone infarct, 128
in fibrous dysplasia, 128
intracortical, 11, 83

cytology of, 136, 137
vs. osteoid osteoma, 68

intramedullary (conventional), 89,
89–91, 90, 91

histopathology of, 91, 100, 101
imaging of, 90, 90–91, 91, 92, 93, 94,

95, 96, 97, 98,99
intraosseous

low-grade
vs. nonossifying fibroma, 265

location of, 136–139
low-grade central

differential diagnosis of
radiologic and pathologic, 146

histology of, 136, 137
vs. desmoplastic fibroma, 296
vs. giant cell reparative granuloma,

423
low-grade intraosseous

vs. desmoplastic fibroma, 144
vs. fibrous dysplasia, 144

low-grade (well-differentiated) central,
104–105, 108,109, 110

magnetic resonance angiography of, 87
magnetic resonance imaging of, 87
malignant fibrous histiocytoma-like,

91–99
multicentric, 108, 112, 113, 133

differential diagnosis of
radiologic and pathologic, 147
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P

Pachydysotosis
vs. fibrous dysplasia, 287, 289

Paget disease, 128, 129, 130, 131
complicated by metastases, 133, 134
differential diagnosis of, 133
osteosarcomas secondary to, 144
vs. fibrous dysplasia, 287
vs. intraosseous hemangioma, 367–368,

368
vs. Langerhans cell histiocytosis, 321
vs. malignant lymphoma, 343, 344
vs. metastases, 470, 472, 473

Parachordoma
vs. chordoma, 445

Pathology, 22–35
basic techniques and decalcification, 28,

28
electron microscopy, 32, 32, 33
genetics, 32–34, 33, 34, 35
immunohistochemistry, 28–32, 31
special stains and enzyme histochemistry,

28, 28, 29, 30
Periodic acid-Schiff stain, 28, 30
Periosteal response

on radiography, 11, 11t, 11–12, 12, 13
Pigmented villonodular synovitis, 487–493

arthrography of, 490, 490
clinical presentation of, 489, 489
computed tomography of, 490
differential diagnosis of

pathology in, 493, 494, 496
radiology in, 492–493, 496

histopathology of, 491–492, 493, 494
imaging of, 489–491, 490, 491, 492
magnetic resonance imaging of,

490–491, 491, 492
proposed causes of, 488–489
vs. chondroblastoma, 493, 494
vs. diffuse giant cell tumor, 493
vs. hemophilia, 492, 493
vs. lipoma arborescens, 492–493, 501
vs. osteoarthritis, 492, 493
vs. rheumatoid arthritis, 492, 493
vs. synovial chondromatosis, 487, 490,

492
vs. synovial hemangioma, 492, 500
vs. tuberculous arthritis, 492, 493

Plasmacytoma. See Multiple myeloma
solitary

differential diagnosis of, 356
vs. chordoma, 445
vs. malignant lymphoma, 343
vs. metastases, 470, 473

POEMS syndrome
sclerosing myeloma and, 351–352

Poikiloderma
congenital, 109

Polymerase chain reaction, 34, 35
Positron emission tomography, 2–3, 20, 21
Primitive neuroectodermal tumor, 323, 

324t
Progeria

adult, 109
Pseudomalignant osseous tumor, 135
Pseudotumor

vs. simple bone cyst, 407–408, 408
Pseudotumor of hemophilia

vs. cystic angiomatosis, 371
vs. epithelioid hemangioendothelioma,

378
vs. Langerhans cell histiocytosis, 321
vs. metastases, 470, 472

R

Radiation therapy
osteonecrosis after

vs. postirradiation osteosarcoma, 133
osteosarcoma after, 128, 132

vs. postirradiation osteonecrosis, 133
Radiography, 2

benign versus malignant lesions on, 17,
17–18

borders of lesion and, 5–6, 9
conventional

information found on, 3, 3
matrix of lesion and, 12, 15, 16
periosteal response on, 11, 11t, 11–12,

12, 13
site of lesion and, 4–5, 5t, 6, 7
soft tissue mass on, 17, 17–18

Radiology, 2–22
Radiolucent lesions, 12, 14t
Radionuclide bone scan. See Scintigraphy
Retinoblastoma syndrome, 109–110
Rheumatoid arthritis

vs. pigmented villonodular synovitis, 492,
493

vs. synovial hemangioma, 500
Rothmund-Thomson syndrome, 109
Round cell lesions, 314–362

benign, 314–323
malignant, 323–356, 324t

Round cell tumor(s)
typical immunocytochemistry results of,

333t
vs. mesenchymal chondrosarcoma, 

244

S

Sarcoidosis
vs. glomus tumor, 374

Sarcoma
Ewing. See Ewing sarcoma
Langerhans cell, 319
myeloic (granulocytic)

vs. malignant lymphoma, 345
Paget. See Paget disease
soft tissue

vs. fibrosarcoma and malignant
fibrous histiocytoma, 308

synovial, 503–509
chromosomal translocation in, 503
clinical presentation of, 503, 504
differential diagnosis of

pathology in, 508–509, 509
radiology in, 508, 509

histopathology of, 505–508, 507, 508
imaging of, 503–505, 504, 505
vs. Ewing sarcoma, 333, 508, 509
vs. extraskeletal osteosarcoma, 508
vs. fibrosarcoma and malignant

fibrous histiocytoma, 308
vs. gout, 508
vs. gouty tophus, 508
vs. hemangiopericytoma, 382
vs. malignant fibrous histiocytoma, 

508
vs. metastases, 473
vs. metastatic carcinoma, 508, 509
vs. myositis ossificans, 508
vs. nodular tenosynovitis, 495, 496
vs. parosteal osteosarcoma, 508
vs. periosteal fibrosarcoma, 508
vs. soft tissue chondroma, 182, 508

vs. soft tissue chondrosarcoma, 508
vs. soft tissue fibrosarcoma, 508
vs. soft tissue osteosarcoma, 508
vs. tumoral calcinosis, 508

unclassified
vs. nonossifying fibroma, 265

Sarcomatoid carcinoma
vs. fibrosarcoma and malignant fibrous

histiocytoma, 308
Scintigraphy, 2, 18–20, 19, 20. See also under

specific lesions and tumors
Sclerotic metastasis

vs. nonossifying fibroma, 265
Seminoma

metastatic
vs. Ewing sarcoma, 333

Soft tissue
chondroma of

vs. synovial sarcoma, 508
chondrosarcoma of, 238

vs. synovial sarcoma, 508
desmoid of

vs. desmoplastic fibroma, 297
fibrosarcoma of

vs. synovial sarcoma, 508
osteosarcoma of

vs. synovial sarcoma, 508
Soft tissue mass. See also under specific

lesions and tumors, e.g.,
osteosarcoma(s), soft tissue

differential diagnosis of, 17
leiomyosarcoma, extraskeletal, 446
on radiography, 17, 17–18

Squamous cell carcinoma
vs. adamantinoma, 437

Stewart-Treves syndrome, 378
Stress fracture

cortical
vs. osteoid osteoma, 68, 70

vs. adamantinoma, 437
Synaptophysin, 32
Synovial chondromatosis. See

Chondromatosis, synovial
Synovial chondrosarcoma. See

Chondrosarcoma(s), synovial
Synovial hemangioma. See Hemangioma,

synovial
Synovial (osteo)chondromatosis. See

Chondromatosis, synovial
Synovial sarcoma. See Sarcoma, synovial

T

Telangiectatic osteosarcoma. See
Osteosarcoma(s),telangiectatic

Tendon sheath
fibroma of

vs. nodular tenosynovitis, 495
Tenosynovitis 

nodular, 488, 494–496
clinical presentation of, 494
differential diagnosis of

pathology in, 495–496, 497
radiology in, 495–496, 497

histopathology of, 494–495, 495, 
496

imaging of, 494, 495
magnetic resonance imaging of, 494
sonography of, 494
vs. amyloidosis, 495
vs. dermoid inclusion cyst, 495
vs. enchondroma, 495
vs. fibroma of tendon sheath, 495
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vs. glomus tumor, 495
vs. gout, 495
vs. gouty tophus, 495
vs. periosteal chondroma, 495
vs. soft tissue osteosarcoma, 

496, 496
vs. synovial sarcoma, 495, 496

Tomography
conventional

of osteoblastoma, 77, 79
Tophus

gouty
vs. synovial sarcoma, 508

Trevor-Fairbank disease, 195, 199
Trichorhinophalangeal syndrome type II, 187
Tuberculous arthritis

vs. pigmented villonodular synovitis, 492,
493

vs. synovial hemangioma, 500
Tuberous sclerosis

vs. glomus tumor, 374

W

Weismann-Netter-Stuhl syndrome
vs. fibrous dysplasia, 287

Werner syndrome, 109

X

Xanthofibroma. See Histiocytoma, fibrous,
benign

Xanthogranuloma of bone
juvenile

vs. Langerhans cell histiocytosis,
322–323

Xanthoma
fibrous. See Histiocytoma, fibrous, benign

Xanthoma of bone
vs. Langerhans cell histiocytosis, 

322–323

Tumoral calcinosis, 178, 178
vs. soft tissue chondroma, 182
vs. synovial sarcoma, 508

U

Ultrasonography, 3

V

Van Gieson stain, 28, 28
Vascular lesions, 363–386

benign, 364–374
origin of, 363

biological classification of, 364
immunohistochemistry studies of, 363
malignant, 374–383

classification of, 374
Vimentin

in metastases diagnosis, 474, 475t
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