Diagnostic

mgng  |maging of
Q,Bone Tumors

A.L.Baert:
M. Knauth

Techniques z}nd Appfka i |on§

A.M.Davies \-...-——* S ""'j
M.Sundaram '

S.L.J.James
Editors

@ Springer



A.M. Davies - M. Sundaram - S.L.]J. James
(Eds.)

Imaging of
Bone Tumors
and Tumor-Like
Lesions

Techniques and Applications

With Contributions by

S. Anderson-Sembach - L. W. Bancroft - J. L. Bloem - M. A. Bredella - P. Brys

R.S.D. Campbell - V.N. Cassar-Pullicino - P. Choong - A. Davies - A. M. Davies

A.M. de Schepper - R. Erlemann - A. Gogna - R. A.R. Green - D. Hobin - A.]. Huang
S. Hwang - H. Ilaslan - S.L.]. James - Karl J. Johnson - G. Jundt - A. W. Kao

S.V. Kattapuram - L. G. Kindblom - M. Koplas - N. A. Kotnis - M. ]. Kransdorf

R.K. Lalam - K. Ludwig - N. M. Major - D. Malfair - D. C. Mangham - S. Mannava

P.L. Munk - M. D. Murphey - P.G. O’'Donnell - D. M. Panicek - K. M. Patel - B. Peersman
W.C.G. Peh - Etienne Pluot - V. N. Cassar-Pullicino - D. Ritchie - A. Saifuddin

D. Sanghvi - C. Simpfendorfer - J. A. Skinner - A.S. Suhardja - M. Sundaram - B.]. Tins
P.N.M. Tyrrell - E. M. Vanhoenacker - F. van Kerkhove - S. Verbeke - K. Verstraete

R. W. Whitehouse - M. H. Willis

Foreword by
A.L. Baert

@ Springer




A. Mark Davies, MBCHB, FRCR

Consultant Radiologist

MRI Department

Royal Orthopaedic Hospital NHS Foundation Trust
Bristol Road South

Northfield

Birmingham B31 2AP

UK

STEVEN J. JAMES, MD

Consultant Radiologist

Imaging Department

Royal Orthopaedic Hospital NHS Foundation Trust
Bristol Road South

Northfield

Birmingham B31 2AP

UK

MURALI SUNDARAM, MD

Section of Musculoskeletal Radiology, Imaging
Institute, Cleveland Clinic

Professor of Radiology, Cleveland Clinic Lerner
School of Medicine

of Case Western Reserve University
Diagnostic Radiology/A21

The Cleveland Clinic Foundation

9500 Euclid Avenue

Cleveland, OH 44195

USA

MEDICAL RADIOLOGY - Diagnostic Imaging and Radiation Oncology

Series Editors:

A.L. Baert - L.W. Brady - H.-P. Heilmann - M. Knauth - M. Molls - C. Nieder

Continuation of Handbuch der medizinischen Radiologie

Encyclopedia of Medical Radiology

ISBN 978-3-540-77982-7
DOI 10.1007/978-3-540-77984-1
Library of Congress Control Number: 2008 9307 83

© Springer-Verlag Berlin Heidelberg 2009

e-ISBN 978-3-540-77984-1

This work is subject to copyright. All rights are reserved, wether the whole or part of the material is concerned, specifically
the rights of translation, reprinting, reuse of illustrations, recitation, broad-casting, reproduction on microfilm or any other
way, and storage in data banks. Duplication of this publication or parts thereof is permitted only under the provisions of the
German Copyright Law of September 9, 1965, in it current version, and permission for use must always be obtained from
Springer. Violations are liable to prosecution under the German Copyright Law.

The use of general descriptive names, registed names, trademarks etc. in this publication does not imply, even in the absence
of a specific statement, that such names are exempt from the relevant protective laws and regulations and therefore free for

general use.

Product liability: the publishers cannot guarantee the accuracy of any information about dosage and application contained
in this book. In every individual case the user must check such information by consulting the relevant literature.

Cover design: Verlagsservice Teichmann, Mauer, Germany
Production, reproduction and typesetting: le-tex publishing services GmbH, Leipzig, Germany

Printed on acid-free paper
987654321

springer.com




MEDICAL RADIOLOGY

Diagnostic Imaging

Editors:
A.L. Baert, Leuven
M. Knauth, Géttingen



Foreword

Detection and characterization of bone tumors with imaging remains a big challenge for every
radiologist notwithstanding the impressive progress achieved by the introduction of several
new imaging modalities. Moreover, new concepts in surgical and oncological treatment of these
lesions require from the radiologist appropriate and focused answers to the specific questions
asked by the referring physicians in order to choose the best therapeutic approach for the indi-
vidual patient.

This comprehensive textbook describes in detail the possibilities and limits of all modali-
ties, including MRI, CT, nuclear medicine and interventional radiological procedures, employed
for the modern imaging of tumoral and tumor-like lesions of bone. Their role in the diagnosis,
surgical staging, biopsy and assessment of response to therapy is discussed in detail, covering all
tumor subtypes as well as their specific anatomical location. Well selected and technically impec-
cable illustrations strongly enhance the didactic value of this work.

I am very much indebted and grateful to the three editors: A. Mark Davies, Murali Sundaram
and Steven L.]. James, world authorities in musculoskeletal radiology, for their superb scientific
achievement in preparing and editing this wonderful volume as well as for their individual chap-
ters. I would also like to thank the large international group of collaborating authors, who are also
widely acknowledged for their specific expertise in the area of bone tumors, for their outstanding
contributions.

I am convinced that this unique book will be of great help to certified radiologists and
radiologists in training to assist them in their daily clinical duties. However, orthopedic surgeons
and oncologists also will find it extremely helpful to guide them in the therapeutic management
of their patients.

I have no doubt that it will meet great success with the readership of this book series.

Leuven ALBERT L. BAERT
Series Editor




Preface

As our understanding of the complex subject of bone tumours improves, there is a need for the
continuous updating of radiologists, orthopaedic surgeons, oncologists and other professionals
working in this area. This book takes a multifaceted approach to the subject.

After an initial introductory chapter covering classification and epidemiology the first section
acquaints the reader with the range of techniques available for imaging bone tumours. These five
chapters cover magnetic resonance imaging, computed tomography, ultrasound, interventional
techniques and nuclear medicine. The expanding role of PET scanning is included in this last
chapter. The next six chapters apply these techniques to the general diagnosis and management of
bone tumours including image-guided biopsy techniques, surgical staging and assessment of tu-
mour response to different treatments. The third and largest section comprises 18 chapters detail-
ing the salient clinical and imaging features of all the important tumour subtypes (cartilaginous,
osteogenic etc.). The fourth section reviews the types of tumours that may be found at particular
anatomical sites such as the ribs, scapula, spine and so on. Finally there is a chapter covering the
important topic of compartmental anatomy and a further chapter giving potted biographies of
those whose names over the past 150 years have become synonymous with bone tumours.

The editors are grateful to the international panel of authors for their contributions to this
book, which aims to provide a comprehensive overview of current imaging of tumours and
tumour-like lesions of bone.

Birmingham, UK A. MARK DAVIES
Cleveland, US MURALI SUNDARAM
Birmingham, UK STEVEN L.J. JAMES
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Bone Tumors: Epidemiology,
Classification, Pathology

LARS GUNNAR KINDBLOM
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L. G. Kindblom

Introduction

Primary bone tumors are fairly rare. Conditions that
may simulate primary bone tumors, such as metastasis
and non-neoplastic conditions such as inflammatory
processes, bone cysts, fibrous dysplasia, non-ossifying
fibroma, Paget’s disease of bone, etc., by far outnum-
ber the cases of true bone tumors. Compared to other
malignancies, primary malignant bone tumors are very
rare. The three most common genuine primary bone
malignancies (osteosarcoma, chondrosarcoma, and Ew-
ing’s sarcoma) account for only 0.2% of all malignancies
in the UK and USA; however, in children (< 15 years)
malignant bone tumors account for approximately 5%
of all malignancies (DORFMAN and CzERNIAK 1995,
1998; UnN1 et al. 2005). This chapter reviews the epide-
miology and pathologic classification of bone tumors.
In addition, it gives an overview of the pathologist’s role
in diagnosis and management.

Epidemiology

The vast majority of primary bone tumors are benign
and since many are non-symptomatic they remain unde-
tected or are detected only incidentally at radiographic
examinations for other reasons. The true incidence of
benign bone tumors has therefore been difficult to de-
termine. The incidence of primary bone malignancies is,
in contrast, fairly well documented in various national
cancer registries. Excluding the most common lympho-

hematopoietic malignancies (particularly plasma cell
tumor/myeloma and malignant lymphoma, more rarely
leukemia) that are of bone marrow origin rather than
true bone tumors, the yearly incidence in the USA has
been estimated to be 8/10°. This corresponds well with
the approximately 500 cases diagnosed yearly in the UK
and some 2,500 cases in the USA. More than 75% of
malignant bone tumors are osteosarcoma, chondrosar-
coma, and Ewing’s sarcoma (Table 1.1). The incidence
of malignant bone tumors shows a striking age-specific
distribution: in the age group 0-40 years, there is an in-
cidence peak between 10 and 20 years (primarily osteo-
sarcoma and Ewing’s sarcoma) and for the age group
above 40 years there is a steady increase in incidence up
to 80 years (primarily chondrosarcoma and to a lesser
degree Paget’s related osteosarcoma) (DORFMAN and
CZERNIAK 1995, 1998; UNNI et al. 2005).

Benign bone tumors and many bone simulating,
non-neoplastic conditions also show a striking age dis-
tribution. This together with a likewise striking site dis-
tribution for both benign and malignant bone tumors
is most helpful in the diagnosis of bone lesions. The
combined information of age, site, and imaging find-
ings can in reality in many instances indicate a definite
diagnosis, sometimes to the point that morphologic
confirmation is considered unnecessary (such as in
cases of bone cysts, fibrous dysplasia, non-ossifying
fibroma, Paget’s disease of bone). For the pathologist,
awareness of these age and site distributions is essen-
tial; when a suggested morphologic diagnosis occurs at
a highly unusual site or in “the wrong” age group, the
definite diagnosis should be carefully reevaluated. The
age and anatomic site distributions of some of the most
common bone tumors are summarized in Tables 1.2
and 1.3.

Table 1.1. Relative frequency of most common primary bone malignancies (excluding my-

eloma/malignant lymphoma) (DoreEmMAN and CZERNIAK 1995)

Primary bone malignancy

Frequency (%)

Osteosarcoma 35.1
Chondrosarcoma 25.8
Ewing’s sarcoma 16.0
Chordoma 8.4
Malignant fibrous histiocytoma 5.7
Angiosarcoma 14
Unspecified 1.2

Other 6.4
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Table 1.2. Classification of primary benign bone tumors, peak age, and most common sites distribution

Histologic type

Peak age (years)

Most common sites

Comments

Cartilage tumors

Osteochondroma

Enchondroma

Periosteal chondroma

Chondroblastoma

Chondromyxoid fibroma

Osteogenic tumors

Osteoid osteoma

Osteoblastoma
Fibrogenic tumors

Desmoplastic fibroma

Fibrohistiocytic tumors

Benign fibrous histiocy-
toma

Giant cell tumor

Vascular tumors

Hemangioma (cavernous,
capillary, epithelioid, etc.)

Angiomatosis,
lymphangioma(tosis)

Glomus tumor
Hemangiopericytoma

Epithelioid hemangioendo-
thelioma

Soft tissue type tumors
Lipoma
Schwannoma

Leiomyoma

FD fibrous dysplasia

10-30

10-40

10-40

10-30

10-30

5-25

10-40

10-30

20-60

20-45

Classic hemangio-
mas, usually adults

Often children

Usually adults
Usually adults
Adults

Adults

Distal femur, proximal tibia,
proximal humerus, rarely from
flat bones

Hands, feet, long tubular bones

Proximal humerus, distal femur,

hip region, and pelvis

Distal femur, proximal tibia and

humerus, calcaneus

Proximal tibia, distal femur,
pelvis, feet (metatarsal)

Proximal femur, any long bones

Spine, long tubular bones, jaws

Mandible, femur, pelvis

Pelvis, femur

Distal femur, proximal tibia,
distal radius, sacrum

Craniofacial bones, vertebrae

Highly variable

Hands, distal phalanx
Pelvis

Long tubular bones, spine

Femur, calcaneus
Sacrum, mandible

Mandible, tibia

> 2 cm cartilage cap may indicate
malignant transformation

Sharply demarcated from cortex

Typically epiphyseal

Distinguished from osteoblastoma
by size and imaging

Very rare; distinction from FD, low-
grade osteosarcoma, and fibrosarcoma
may be difficult

Diaphyseal or metaphyseal; rarely used
concept, distinguished from non-os-
sifying fibroma only by clinical setting

Epiphyseal; pulmonary metastases
occur in 2%; very rarely transformation
to high-grade sarcoma

Hemangiomas are often multicentric

All very rare
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Table 1.3. Classification of primary malignant bone tumors, peak age, and most common sites distribution

Histologic type

Chondrosarcoma

Primary

Secondary

Dedifferentiated chondrosarcoma

Clear cell chondrosarcoma
Mesenchymal chondrosarcoma
Osteosarcoma

Conventional

Telangiectatic osteosarcoma

Low-grade central osteosarcoma

Parosteal osteosarcoma

Periosteal osteosarcoma

High-grade surface

Secondary osteosarcoma

Paget’s associated

Post-radiation

Other conditions

Ewing s sarcoma, PNET
Fibrosarcoma, MFH,
spindle cell sarcoma

Malignant giant cell tumor

Chordoma

Peak age (years)

50-80

20-60

50-70

25-60

10-40

10-30

10-30

20-40

20-50

10-30

10-40

50-90

50-80

40-70

5-30

40-70

20-60

30-80

Most common sites

Pelvis, proximal/distal femur,
proximal humerus, ribs

Ex osteochondroma(tosis):
pelvis, hip and shoulder

Pelvis, femur, humerus

Proximal femur, humerus

Jaws, ribs, pelvis, spine

Distal femur, proximal tibia,
hip and shoulder

Femur, tibia, humerus

Distal femur, proximal tibia

Posterior distal femur,
proximal humerus

Femur, tibia

Distal femur, shoulder

Pelvis, hip and shoulder,
craniofacial

Pelvis, craniofacial, hip and
shoulder, chest wall

Bones affected by FD, bone

infracts, chronic osteomyelitis,

etc.

Pelvis, longbones of lower and
upper extremities

Knee, hip and shoulder
regions, pelvis

Knee region, pelvis, shoulder
region

Sacrococcygeal, skull base,
vertebrae

Comments

Usually large, intraosseous; very
rarely periosteal

In Ollier’s/Maffucci’s at any site
affected

Usually small component of low-
grade chondrosarcoma juxtaposed
with high-grade osteo-, spindle cell-,
MFH-, or other sarcoma
Typically epiphyseal location

20-30% occur in soft tissues

Typically metaphyseal

Typically metaphyseal; ABC-like,
purely lytic

May dedifferentiate to high grade

May invade the bone, may
dedifferentiate to high grade

Diaphyseal, surface lesion,
predominantly chondroblastic,
intermediate grade

Diaphyseal or metaphyseal

High-grade osteosarcoma

High-grade osteosarcoma

High-grade sarcoma arising in GCT;
classic GCT may rarely metastasize

May rarely dedifferentiate

ABC aneurysmal bone cyst, FD fibrous dysplasia, GCT giant cell tumor, MFH malignant fibrous histiocytoma,

PNET primitive neuroectodermal tumor
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Table 1.3. (continued) Classification of primary malignant bone tumors, peak age, and most common sites distribution

Peak age (years)

Histologic type

Most common sites

Comments

Angiosarcoma 20-70

regions
Other soft tissue type sarcomas  20-70

joints
Adamantinoma 10-40

fibula

Spine, pelvis, hip and shoulder

Long bones, around major

Tibia, rarely ulna, radius and

May be multicentric

Rare examples of leiomyosarcoma,
liposarcoma, extraskeletal myxoid
chondrosarcoma, synovial sarcoma,
rhabdomyosarcoma, etc.

Typically diaphyseal

ABC aneurysmal bone cyst, FD fibrous dysplasia, GCT giant cell tumor, MFH malignant fibrous histiocytoma, PNET primitive

neuroectodermal tumor

Morphologic Diagnosis
of Bone Tumors

The pathologic diagnosis of primary bone tumors poses

particular problems:

1. Their rarity prevents most pathologists from gain-
ing sufficient diagnostic experience.

2. There is an unusual need for the pathologist to be fa-
miliar with and to integrate clinical, laboratory, and
imaging findings in the final diagnosis.

3. Despite their rarity, there is a wide spectrum of bone
lesions with overlapping morphologic features.

4. The distinction between neoplastic, reactive/inflam-
matory, and metabolic bone lesions as well as some
developmental disorders is sometimes difficult.

5. The diagnosis of malignant bone tumors, which
frequently involve children or young adults, often
has dramatic consequences in terms of surgical and
adjuvant treatment. Moreover, there are a number
of rare hereditary and non-hereditary conditions
associated with increased risk of developing bone
tumors that the pathologist needs to be aware of.

Even if clinical presentation and imaging studies are
very often highly suggestive of a particular diagnosis, it
is the morphologic findings that form the basis for the
definite diagnosis of bone tumors. It is expected that the
pathologists reporting primary bone malignancies par-
ticipate in multidisciplinary team conferences and ap-
propriately integrate clinical, laboratory, and imaging

findings in the final diagnosis. Within these teams the
pathologists have the important role to establish the
correct diagnosis, to arrange for and interpret required
adjunctive diagnostic tests (immunohistochemistry, cy-
togenetic/molecular analyses), to provide prognostic
information, to identify patients that should be consid-
ered for adjuvant treatment protocols or trials, and to
assess treatment response.

The possibility for the pathologist to correctly di-
agnose a bone tumor depends to a large extent on the
completeness of the clinical and imaging information
provided. The request forms for bone tumors should
therefore contain information regarding pertinent clini-
cal history, family history, laterality and exact anatomic
site of tumor, whether the patient has solitary or mul-
ticentric disease or clinical evidence of metastatic dis-
ease, information on type and timing of any preopera-
tive treatment, type of surgical procedure (fine-needle
aspiration, core needle biopsy, open surgical biopsy,
curettage, resection, amputation, etc.), and nature of
specimen and, if indicated, orientation markers on
specimen.

Whenever practically possible, it is advantageous if
malignant bone tumor specimens are delivered fresh
and unfixed to the pathology laboratory with the short-
est possible delay. This will enable the pathologist to
obtain material for studies that require fresh, unfixed
tissue, to decide on the most appropriate way to obtain
material from surgical margins, to decide on techniques
for decalcification procedures, and to decide when deal-
ing with large specimens if sectioning of skin, soft tis-
sues, and bone is required to facilitate fixation.
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Types of Bone Tumor Specimens

1.4.1
Intraoperative Procedures/
Frozen Sections

There are inherent problems with intraoperative diag-
nosis of bone tumors: hard, bony specimens cannot be
processed since decalcification is needed, the patholo-
gist needs to be familiar with the artifacts introduced by
freezing specimens, and the overlapping morphologic
features of different entities may be difficult to correctly
interpret in frozen sections. However, where this tech-
nique is widely used, specialized bone tumor patholo-
gists can acquire a very high degree of expertise. Frozen
sections may be particularly helpful in determining if
the biopsy is representative of the lesion and can help to
immediately distinguish primary genuine bone tumors
from inflammatory processes, other non-neoplastic
conditions, metastases, and lymphohematologic malig-
nancies.

1.4.2
Fine-needle Aspiration Biopsy

With the exception of Scandinavia, there are few bone
tumor centers that have adopted this technique as a rou-
tine in the diagnosis of bone tumors. The reluctance to
apply fine-needle aspiration biopsy (FNAB) is explained
by the lack of experienced cytopathologists in this field,
the limitations of the technique to obtain material from
bony, calcified components, the loss of architecture and
matrix characteristics, and the limited volume of tissue
obtained (prohibiting extensive immunohistochemi-
cal and cytogenetic/molecular workup). In the hands
of experienced cytopathologists, FNAB has, however,
proven practically useful. For example, it is a very quick
method to identify a lesion as a cartilage-producing
neoplasm or hematologic malignancy (lymphoma/my-
eloma) and helps to distinguish osteosarcoma from Ew-
ing’s sarcoma and metastatic disease from primary bone
tumors (WILLEN 1997). There are also reports of the di-
agnostic FNAB characteristics of many individual bone
tumor entities such as osteosarcoma, chondrosarcoma,
Ewing’s sarcoma, and chordoma (DAHL et al. 1986; WA-
LAAs and KiNDBLOM 1990, 1991; WALAAS et al. 1990;
WILLEN 1997).

1.4.3
Biopsy

Today “closed” transcutaneous, core needle biopsy tech-
niques are widely used, often assisted by radiographic
imaging techniques. Material can be obtained from
both soft tissue components (preferable when possible)
and intraosseous components, and the material ob-
tained is usually sufficient for adjunctive studies such
as immunohistochemistry and cytogenetic/molecular
genetic analyses. If RNA-based molecular analyses are
to be carried out it is important that decalcification pro-
cesses if required are adjusted to allow such techniques
(formic acid can be used, not nitric acid!) (MANGHAM
etal. 2006). When for various reasons “closed” biopsy
techniques cannot provide material sufficient for a defi-
nite diagnosis an open surgical biopsy has to be per-
formed. It is important that decalcification techniques
are not routinely applied on all bone lesion specimens
since many specimens need no decalcification at all or
at least parts of the biopsy can be processed without
such procedures. The decalcification procedure has also
to be adjusted for each specimen in order not to over-
decalcify the tissue, which can severely hamper the pos-
sibilities to reach a correct diagnosis.

1.4.4
Curettage

A bone lesion can be curetted as a one-step diagnostic
and treatment procedure or as definite treatment after
previous biopsy. Generous sampling for microscopic ex-
amination is essential and the same principles for decal-
cification procedures should be applied as for biopsies.

1.4.5
Resections and Amputations

Resections and amputations are performed as part of
curative definite treatment of bone tumors. For a correct
approach to dissection of such specimens it is important
that the pathologist can review pertinent radiographic
images and that that the surgeon has indicated orienta-
tion if necessary. In addition to a correct histopathologic
diagnosis, the examination of such specimens should in-
clude assessment of tumor size (three dimensions), mar-
gins (tissue type and dimensions), involvement of the
marrow, cortex, periosteum, joints, surrounding soft tis-
sues, etc., and possible vascular invasion. If preopera-
tive treatment has been given, the response should be as-
sessed based on a detailed mapping of the tumor.
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Adjunctive Diagnostic Techniques

1.5.1
Histochemistry, Inmunohistochemistry,
and Electron Microscopy

These techniques have helped to better define many
bone tumors but are, with some important exceptions,
not required in routine diagnosis. For the vast majority
of bone tumors the diagnosis is based on the histologic
appearance in routine-stained sections with appropriate
consideration of clinical setting and imaging findings.
Immunohistochemical characterization, however, is of
special importance for classification of metastatic bone
disease (identification of primary sites if unknown) and
for the subclassification of lymphohematologic malig-
nancies and small round cell malignancies, in particular
Ewing’s sarcoma. Other examples where immunohis-
tochemical findings may be helpful include the diagnosis
of chordoma in biopsies, the recognition of endothelial
differentiation in poorly differentiated angiosarcomas,
and for the distinction between osteofibrous dysplasia
(OFD) and OFD-like adamantinoma.

1.5.2
Cytogenetic/Molecular Genetic Techniques

Genetic characterization of various bone tumors has
helped to better understand their nature and the patho-
genetic mechanisms involved and has also given addi-
tional support for the morphology-based classifications.
Examples of this include the identification of the role of
the EXT 1 and 2 genes in the development of osteochon-
droma, osteochondromatosis, and secondary chondro-
sarcomas (BOVEE et al. 1999). Another example is the
identification of the CDH11-USP6 fusion gene caused
by a 16; 17 translocation in aneurysmal bone cysts,
suggesting that these lesions are probably of neoplastic
nature (OLIVEIRA etal. 2004). Other genetic findings
have also made the distinction between what in the past
were considered non-neoplastic, developmental disor-
ders, such as fibrous dysplasia and Paget’s disease, and
true neoplasia less clear. There are even some genetic
observations suggesting that synovial chondromatosis
and pigmented villonodular synovitis may represent
neoplastic conditions (FLETCHER et al. 2002).

In a few instances karyotyping and molecular ge-
netic techniques (such as FISH and RT-PCR tech-
niques) have provided highly valuable diagnostic tools.
The most striking example is the identification of the

Ewing’s sarcoma-specific translocation between the
long arms of chromosomes 11 and 22 involving a fu-
sion of the EWS gene (or rarely the FUS gene) with vari-
ous other genes of the ETS transcription factor family;
mostly these translocations involve the FLI1 gene, less
frequently the ERG, ETV1, E1A-F, FEV or ZSG genes.
FISH- and/or RT-PCR-based techniques, designed to
identify these gene translocations, are today widely ap-
plied in the routine diagnosis of Ewing’s sarcoma and
its distinction from other small round cell malignancies
(FLETCHER et al. 2002; MANGHAM et al. 2006; UNNI
et al. 2005).

Classification of Bone Tumors

The histologic classification of bone tumors is based on
cytologic findings (in particular cell type such as osteo-
cyte/osteoblast, chondrocyte/chondroblast, osteoclast,
etc.), architecture, and type of matrix produced by the
tumor. Despite the rarity of bone tumors there is a very
wide spectrum of entities with sometimes overlapping
features; the current WHO classification (2002) in-
cludes a total of 45 main bone tumor types. For some
malignant bone tumors, such as osteosarcoma and
chondrosarcoma, malignancy grading is important,
while for others such as Ewing’s sarcoma and chordoma
the degree of malignancy is implicated in the diagnosis.
In addition to correct classification and in some cases
grading, the pathologist has to report on margins, rela-
tion of tumor to cortex, periosteum, surrounding soft
tissues, joints, etc., and the presence of vascular inva-
sion as well as give information of importance for stag-
ing (DORFMAN and CZERNIAK 1998).

The current classifications of benign and malignant
bone tumors are summarized in Tables 1.2 and 1.3 and
the most common non-neoplastic bone tumor-simulat-
ing conditions in Table 1.4.

1.7
Comments on the Morphologic
Classification of Bone Tumors

1.71
Cartilage Tumors

The morphologic diagnosis of cartilage tumors poses
particular problems. The distinction between benign
cartilage lesions and chondrosarcoma is tradition-




