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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. J. 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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K ey   poi   n t s

	 Primary bone tumors are rare; non-neoplastic ••
conditions, metastatic disease, and lymphohe-
matologic malignancies, which may simulate 
primary bone tumors, by far outnumber genu-
ine bone tumors.

	 Excluding myeloma and lymphoma, malignant ••
primary bone tumors constitute only 0.2% of 
all malignancies in adults and approximately 
5% of childhood malignancies.

	 Bone tumor classification is based on morpho-••
logic findings: cell type, architecture, and ma-
trix production. The morphologic features of 
benign and malignant as well as non-neoplastic 
conditions and true tumors may overlap.

	 Many bone tumor entities show a striking con-••
sistency in clinical setting and age and ana-
tomic site distribution.

	 The final diagnosis of bone tumors should be ••
based on a synthesis of histopathologic find-
ings, clinical presentation, and imaging charac-
teristics, preferably in the setting of a multidis-
ciplinary team conference.

	 Adjunctive immunohistochemical and genetic/••
molecular genetic techniques are important for 
the definite classification of certain bone tu-
mors.

	 A number of congenital, hereditary, and non-••
hereditary syndromes are associated with in-
creased risk of bone tumors. 

Bone Tumors: Epidemiology,  
Classification, Pathology

Lars Gunnar Kindblom

1	

L.-G. Kindblom, MD, PhD
Professor of Pathology, Department of Musculoskeletal 
Pathology at the Royal Orthopaedic Hospital NHS Founda-
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Medical School, University of Birmingham, Birmingham B15 
2TT, UK



1.1	  
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; Unni 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.

1.2	  
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 8/106. 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) (Dorfman 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 1.4

Unspecified 1.2

Other 6.4

L. G. Kindblom2



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 10–30 Distal femur, proximal tibia, 
proximal humerus, rarely from 
flat bones

> 2 cm cartilage cap may indicate 
malignant transformation

Enchondroma 10–40 Hands, feet, long tubular bones

Periosteal chondroma 10–40 Proximal humerus, distal femur, 
hip region, and pelvis

Sharply demarcated from cortex

Chondroblastoma 10–30 Distal femur, proximal tibia and 
humerus, calcaneus

Typically epiphyseal

Chondromyxoid fibroma 10–30 Proximal tibia, distal femur, 
pelvis, feet (metatarsal)

Osteogenic tumors

Osteoid osteoma 5–25 Proximal femur, any long bones Distinguished from osteoblastoma 
by size and imaging

Osteoblastoma 10–40 Spine, long tubular bones, jaws

Fibrogenic tumors

Desmoplastic fibroma 10–30 Mandible, femur, pelvis Very rare; distinction from FD, low-
grade osteosarcoma, and fibrosarcoma 
may be difficult

Fibrohistiocytic tumors

Benign fibrous histiocy-
toma

20–60 Pelvis, femur Diaphyseal or metaphyseal; rarely used 
concept, distinguished from non-os-
sifying fibroma only by clinical setting

Giant cell tumor 20–45 Distal femur, proximal tibia, 
distal radius, sacrum

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

Vascular tumors

Hemangioma (cavernous, 
capillary, epithelioid, etc.)

Classic hemangio-
mas, usually adults

Craniofacial bones, vertebrae Hemangiomas are often multicentric

Angiomatosis, 
lymphangioma(tosis)

Often children Highly variable

Glomus tumor Usually adults Hands, distal phalanx

Hemangiopericytoma Usually adults Pelvis

Epithelioid hemangioendo-
thelioma

Adults Long tubular bones, spine

Soft tissue type tumors

Lipoma Adults Femur, calcaneus All very rare

Schwannoma Sacrum, mandible

Leiomyoma Mandible, tibia

FD fibrous dysplasia

Bone Tumors: Epidemiology, Classification, Pathology 3



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

Histologic type Peak age (years) Most common sites Comments

Chondrosarcoma

Primary 50–80 Pelvis, proximal/distal femur, 
proximal humerus, ribs

Usually large, intraosseous; very 
rarely periosteal

Secondary 20–60 Ex osteochondroma(tosis): 
pelvis, hip and shoulder

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

Dedifferentiated chondrosarcoma 50–70 Pelvis, femur, humerus Usually small component of low-
grade chondrosarcoma juxtaposed 
with high-grade osteo-, spindle cell-, 
MFH-, or other sarcoma

Clear cell chondrosarcoma 25–60 Proximal femur, humerus Typically epiphyseal location

Mesenchymal chondrosarcoma 10–40 Jaws, ribs, pelvis, spine 20–30% occur in soft tissues

Osteosarcoma

Conventional 10–30 Distal femur, proximal tibia, 
hip and shoulder

Typically metaphyseal

Telangiectatic osteosarcoma 10–30 Femur, tibia, humerus Typically metaphyseal; ABC-like, 
purely lytic

Low-grade central osteosarcoma 20–40 Distal femur, proximal tibia May dedifferentiate to high grade

Parosteal osteosarcoma 20–50 Posterior distal femur, 
proximal humerus

May invade the bone, may 
dedifferentiate to high grade

Periosteal osteosarcoma 10–30 Femur, tibia Diaphyseal, surface lesion, 
predominantly chondroblastic, 
intermediate grade

High-grade surface 10–40 Distal femur, shoulder Diaphyseal or metaphyseal

Secondary osteosarcoma

Paget’s associated 50–90 Pelvis, hip and shoulder, 
craniofacial

High-grade osteosarcoma

Post-radiation 50–80 Pelvis, craniofacial, hip and 
shoulder, chest wall

High-grade osteosarcoma

Other conditions 40–70 Bones affected by FD, bone 
infracts, chronic osteomyelitis, 
etc.

Ewing´s sarcoma, PNET 5–30 Pelvis, longbones of lower and 
upper extremities

Fibrosarcoma, MFH,  
spindle cell sarcoma

40–70 Knee, hip and shoulder 
regions, pelvis

Malignant giant cell tumor 20–60 Knee region, pelvis, shoulder 
region

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

Chordoma 30–80 Sacrococcygeal, skull base, 
vertebrae

May rarely dedifferentiate

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

PNET primitive neuroectodermal tumor

L. G. Kindblom4



1.3	  
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.

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

Histologic type Peak age (years) Most common sites Comments

Angiosarcoma 20–70 Spine, pelvis, hip and shoulder 
regions

May be multicentric

Other soft tissue type sarcomas 20–70 Long bones, around major 
joints

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

Adamantinoma 10–40 Tibia, rarely ulna, radius and 
fibula

Typically diaphyseal

ABC aneurysmal bone cyst, FD fibrous dysplasia, GCT giant cell tumor, MFH malignant fibrous histiocytoma, PNET primitive 
neuroectodermal tumor
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1.4	  
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 
et al. 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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1.5	  
Adjunctive Diagnostic Techniques

1.5.1 	  
Histochemistry, Immunohistochemistry, 
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 (Bovée 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 et al. 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).

1.6	  
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

1.7.1	  
Cartilage Tumors

The morphologic diagnosis of cartilage tumors poses 
particular problems. The distinction between benign 
cartilage lesions and chondrosarcoma is tradition-
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ally stated to be based on cellularity, degree of atypia, 
myxoid stromal change, and growth characteristics in 
relation to native bone. However, the vast majority of 
chondrosarcomas are low grade and very highly dif-
ferentiated with minimal atypia and the identification 
of permeating, infiltrative growth in native bone may 
not be possible to find in biopsies. Moreover, several 
types of benign cartilage lesions may show overlapping 
morphology with chondrosarcoma by being fairly cel-
lular and showing myxoid change and variation in cell 
size and shape. Periosteal chondroma, enchondroma of 
phalanxes, soft tissue chondroma, and synovial chon-
dromatosis as well as enchondromas in the setting of 
Ollier’s disease and Maffucci’s syndrome are such ex-
amples. The interobserver variability in distinguishing 

benign cartilage lesions from chondrosarcomas and 
grade  1 chondrosarcomas from grade  2 tumors has 
been found to be remarkably poor even among spe-
cialized bone tumor pathologists (Eefting et al. 2008). 
This fact underscores the importance of integrating 
clinical setting and imaging findings in all diagnoses 
of cartilage lesions. Even when all clinical, imaging, 
and morphologic information is considered, a signifi-
cant number of cartilage lesions remains of uncertain 
malignant potential (so-called CLUMPs). CLUMP has 
therefore become a useful concept when dealing with 
intraosseous well-differentiated cartilage tumors with-
out obvious malignant features histologically but of sig-
nificant size (> 5 cm).

Table 1.4.  Classification of most common conditions simulating primary bone tumors, peak age, and common sites

Histologic type Peak age (years) Most common sites Comments

Aneurysmal bone cyst 5–20 Femur, tibia, humerus, 
vertebrae

Metaphyseal in long bones

Simple bone cyst Infancy to 20 In childhood: proximal 
femur, humerus and tibia 
In adults: calcaneus, ilium

Fibrous dysplasia 5–30 Long bones, jaws, skull, ribs One third polyostotic 
Rarely combined with endocrine 
disorders

Non-ossifying fibroma 5–20 Distal femur, proximal and 
distal tibia

Synonym: metaphyseal fibrous 
(cortical) defect

Osteofibrous dysplasia Infancy to 20 Tibia Diaphyseal 
Rarely in fibula, ulna, radius

Langerhans cell histiocytosis Infancy to 30 Skull, femur, pelvis, 
mandible

May be polyostotic 
Very rarely disseminated disease, 
visceral involvement

Pigmented villonodular synovitis 10–40 Localized: fingers 
Diffuse: knee, hip, ankle

Synonym for localized: GCT of 
tendon sheath 
Diffuse: may destroy bone

Synovial chondromatosis 20–40 Knee, hip May erode bone 
Chondrosarcoma may involve 
synovium and simulate synovial 
chondromatosis

Paget’s disease 50–90 Pelvis, craniofacial bones, 
spine, femur, tibia

Sporadic cases may develop secon-
dary high-grade sarcoma (1%) 
Familial cases may present at young 
age

GCT giant cell tumor
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1.7.2	  
Bone-forming Tumors

The distinction between osteoid osteoma and osteo-
blastoma is primarily based on clinical setting and im-
aging findings since they have very similar or identical 
histologic characteristics. A subset of osteoblastomas is 
characterized by unusually large epithelioid osteoblasts, 
larger tumor size, and occurrence in an older age group. 
The term aggressive osteoblastoma has been suggested 
for these since they have been reported to recur and 
cause clinical problems more frequently than the classic 
ones (Dorfman and Weiss 1984). This finding remains 
controversial, however.

The most important and sometimes problematic 
distinction is of course between osteoblastoma and os-
teosarcoma. The diagnosis of osteosarcoma is usually 
fairly uncomplicated, the vast majority being high grade 
of either osteoblastic, chondroblastic, or fibroblastic 
types. Diagnostic problems typically occur when os-
teosarcomas occur at unusual sites and in unusual age 
groups or have unusual morphologic features. More-
over, osteoblastoma-, chondroblastoma-, and chondro-
myxoid fibroma-like variants of osteosarcoma do occur. 
A telangiectatic osteosarcoma may in a biopsy show 
areas that with difficulty can be distinguished from an 
aneurysmal bone cysts and giant cell-rich osteosarco-
mas may focally closely mimic giant cell tumors. The 
very rare small cell variant of osteosarcoma may show 
features overlapping with Ewing’s sarcoma.

The very low grade osteosarcomas may also pose 
difficulties for the pathologist. Parosteal osteosarcoma 
may show features overlapping with heterotopic ossifi-
cation and when presenting a “cartilage cap” with osteo-
chondroma. The low-grade central osteosarcomas may 
be difficult to distinguish from fibrous dysplasia and 
desmoplastic fibroma (Dorfman and Czerniak 1998; 
Unni et al. 2005).

1.7.3	  
Ewing’s Sarcoma and Other Small Round 
Cell Malignancies

The vast majority of primary small round cell malignan-
cies occurring in bone are within the family of Ewing’s 
sarcomas. Primitive neuroectodermal tumor (PNET) is 
a term sometimes used for the subset with distinctive 
neuroectodermal features as seen light microscopically, 
ultrastructurally, or immunohistochemically. In biopsy 
material, the distinction from malignant lymphoma is 
the most important. Immunohistochemical findings 

(positive for CD99 but negative for lymphocytic mark-
ers) and genetic/molecular genetic characteristics (11;22 
translocation and identification of typical fusion tran-
scripts) help to recognize the Ewing’s sarcomas (Dorf-
man and Czerniak 1998; Mangham et al. 2006; Unni 
et al. 2005).

Rarely other small round cell malignancies enter 
the differential diagnoses, such as metastatic neuro-
blastoma, primary rhabdomyosarcoma of bone, and the 
rare small cell variant of osteosarcoma (Dorfman and 
Czerniak 1998; Unni et al. 2005).

1.7.4	  
Giant Cell Tumors

The morphologic characteristics of giant cell tumor of 
bone, combined with the striking consistency in age 
and site distribution make the diagnosis fairly straight-
forward in most instances. Sometimes, however, giant 
cell tumors present unusual features that may cause 
problems, such as extensive spindle cell areas, promi-
nent new bone formation, rarely cartilage formation, 
secondary aneurysmal bone cyst development, and 
nuclear enlargement and hyperchromasia. Moreover, 
a number of other bone lesions are also characterized 
by numerous osteoclast-type giant cells, such as chond-
roblastoma (also an epiphyseal lesion), solid variants of 
aneurysmal bone cysts, non-ossifying fibroma, and, not 
least, brown tumor associated with hyperparathyroid-
ism. Metaphyseal location and obvious anaplasia help 
to recognize the giant cell-rich osteosarcomas.

A very small percentage (probably less than 3%) 
of histologically benign giant cell tumors metastasizes, 
particularly to lungs. Such metastases may follow a pro-
tracted indolent course or may be progressive and lead 
to the patient’s death. A high-grade sarcoma compo-
nent may occur de novo in giant cell tumors (primary 
malignant giant cell tumor or dedifferentiated giant cell 
tumor) or in recurrent giant cell tumors or at sites previ-
ously affected by giant cell tumors (secondary malignant 
giant cell tumor) (Meis 1991; Meis et al. 1989). Many of 
the reported secondary malignant giant cell tumors have 
received radiotherapy as part of their original treatment.

1.7.5	  
Fibrogenic/ 
Fibrohistiocytic Tumors

Desmoplastic fibroma, defined as a benign but locally 
aggressive lesion with histologic resemblance to des-
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moid-type fibromatosis of soft tissues, is a rarely used 
concept. Its distinction from low-grade central osteo-
sarcoma and low-grade fibrosarcoma may be problem-
atic (Unni et al. 2005).

Fibrosarcoma is a term used for malignant spindle 
cell tumors with a distinct fascicular pattern and lack-
ing osteoid or mineralized bone production (Bertoni 
et al. 1984). Low-grade fibrosarcomas may be difficult to 
distinguish from desmoplastic fibromas and high-grade 
fibrosarcomas from fibroblastic osteosarcomas which 
in biopsies may lack obvious bone matrix production. 
Also the distinction from malignant fibrous histiocy-
toma is often arbitrary and may depend on sampling.

Benign fibrous histiocytoma of bone is a term some-
times used for lesions histologically indistinguishable 
from non-ossifying fibroma but with a different clini-
cal setting (usually older patients and non-metaphyseal 
locations).

Malignant fibrous histiocytoma remains a some-
what controversial term used for high-grade spindle 
cell and pleomorphic bone sarcomas lacking bone ma-
trix production (Dahlin et al. 1977). The distinction 
from osteosarcomas with minimal osteoid/bone matrix 
production may be difficult. Malignant fibrous histio-
cytoma tend to occur in an older age group than osteo-
sarcomas, peak after 40  years, and about one third of 
reported cases have occurred after radiotherapy or are 
associated with Paget’s disease (Dorfman and Czer-
niak 1998; Unni et al. 2005).

1.7.6	  
Chordoma

The characteristic histologic and immunohistochemical 
features and site distribution of chordoma usually make 
the diagnosis fairly uncomplicated. In cases in which the 
microscopy and immunoprofile overlap with metastatic 
carcinoma, detection of the newly reported chordoma 
marker brachyury, a regulator of notochordal develop-
ment, may be helpful (Vujovic et al. 2006). So-called 
chondroid chordoma is a rare variant occurring in the 
skull base, presenting classic chordoma features as well 
as chondroid components (Rosenberg et al. 1994). 
Rarely chordomas may undergo dedifferentiation to 
high-grade sarcomas (Bergh et al. 2000; Meis 1991). 
Very rare examples of chordoma have been reported in 
bone or soft tissues outside the midline, so-called chor-
doma periphericum (Tirabosco et al. 2008).

1.7.7	  
Vascular Tumors

Classic hemangiomas of capillary or cavernous types 
are common in the spine (Dorfman et al. 1971). Many 
of these are multicentric and often incidental findings. 
Other rare benign vascular lesions include epithelioid 
hemangioma (O’Connell et al. 1993), various types of 
angiomatosis, lymphangioma(tosis), and glomus tumors 
(Dorfman and Czerniak 1998; Unni et al. 2005).

Epithelioid hemangioendothelioma of bone is a skel-
etal counterpart to the same entity in soft tissues and vis-
ceral organs. They are viewed as borderline or low-grade 
lesions that frequently affect multiple sites (Tsuneyoshi 
et al. 1986). In overtly malignant cases the distinction 
from epithelioid angiosarcomas becomes arbitrary.

Angiosarcomas of bone show a range of differen-
tiation and atypia from low-grade lesions with obvious 
vascular differentiation to predominantly solid, poorly 
differentiated sarcomas for which immunotechniques 
to demonstrate endothelial markers may be required to 
support the diagnosis. Practically any bone can be af-
fected but most cases are seen in the axial skeleton and 
pelvic bones. When angiosarcomas affect multiple sites 
they are often confined to one anatomic area, such as an 
extremity (Dorfman et al. 1971; Unni et al. 2005).

1.7.8	  
Soft Tissue Tumor Types Occurring 
as Primary Bone Tumors

Rarely both benign and malignant tumors, typically oc-
curring in soft tissues, present as primary bone tumors. 
Among such benign tumors are intraosseous lipomas 
(Milgram 1988), schwannomas, and leiomyomas 
(Fletcher et al. 2002; Unni et al. 2005). Among the 
malignant ones leiomyosarcoma is the most common 
(Berlin et al. 1987). Very rarely liposarcoma, synovial 
sarcoma, malignant peripheral nerve sheath tumor, 
clear cell sarcoma of tendons and aponeurosis, rhab-
domyosarcoma, and alveolar soft part sarcoma may be 
primary in bone (Dorfman and Czerniak 1998; Unni 
et al. 2005).

1.7.9	  
Conditions Simulating Primary Bone Tumors

In the elderly, metastatic disease is by far the most com-
mon condition simulating primary bone tumors. Prac-
tically, the distinction becomes particularly problematic 
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when presenting as a solitary lesion without previous 
history of malignancy. Almost any type of cancer can 
metastasize to the skeleton but, in particular, cancer of 
breast, prostate, thyroid, lung, and kidney tend to me-
tastasize to bone (Unni et al. 2005). Renal cell carci-
noma is by far the most common cancer associated with 
solitary bone metastases.

In addition to the bone tumor-simulating condi-
tions summarized in Table  1.4, there are a number 
of other lesions that may cause diagnostic problems. 
These include cysts, such as intraosseous ganglion cysts 

and epidermal inclusion cysts, and bone and cartilage-
forming lesions, such as heterotopic ossification, sub-
ungual exostosis, bizarre parosteal osteochondroma-
tous proliferation, and fracture callus. Giant cell-rich 
lesions that may simulate giant cell tumor of bone in-
clude so-called giant cell reparative granuloma of jaws 
and small bones of the hands and feet as well as “brown 
tumors” associated with hyperparathyroidism (Dorf-
man and Czerniak 1998; Unni et al. 2005).

Characteristic morphologic aspects of bone tumor 
diagnosis are illustrated in Figs. 1.1–1.3.

Fig. 1.1.  a Pelvic resection for a large chondrosarcoma. 
b Well-differentiated chondrosarcoma with diffuse permeating 
growth between the bony lamellae. c High-grade chondrosar-
coma showing prominent cytologic atypia and atypical mitotic 

figures. d Biopsy from enchondroma of a distal phalanx. In-
creased cellularity and myxoid change can make the distinc-
tion from chondrosarcoma difficult if clinical setting and imag-
ing findings are not considered in the final diagnosis

a b

c d
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Fig. 1.2.  a Resection of proximal tibia with typical features 
of osteosarcoma. Mapping of the specimen is done in order 
to evaluate the response to given preoperative chemotherapy. 
b Pretreatment biopsy of high-grade osteoblastic osteosarco-
ma. c After treatment the tumor is replaced by a network of 
acellular mineralized bone indicating good response. d Active 

fracture callus may show features resembling osteosarcoma but 
lack true anaplasia. e Resection of lower leg showing a telangi-
ectatic osteosarcoma in the distal tibia. f Telangiectatic osteo-
sarcoma resembles an aneurysmal bone cyst but shows severe 
cytologic atypia

a b

c d

e f
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Fig. 1.3.  a,b Ewing’s sarcoma showing a diffuse proliferation 
of small primitive cells, focally with rosette-like formations (b). 
Inset in b is immunohistochemical demonstration of CD99. 
c Giant cell tumor of bone showing very large osteoclasts in 
a mononuclear cell background. d Total resection of sacrum 
with a large chordoma. e Chordomas resemble notochordal 

tissue and are characterized by epithelioid tumor cells in 
sheaths and strands, enclosed by an abundant myxoid matrix. 
f,g Chordomas show epithelial features immunohistochemi-
cally, thus positivity for cytokeratin (f) and epithelial mem-
brane antigen (g)

a b

c d

e f,g
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1.8	  
Congenital, Hereditary, and Non-hereditary 
Syndromes Associated with Bone Tumors

There are a large number of hereditary and non-he-
reditary conditions and syndromes associated with an 
increased risk of developing bone tumors. For many of 
these the genetic background has recently been clari-
fied giving important knowledge of the pathogenetic 
mechanisms involved. Table  1.5 summarizes the most 
important of these conditions (Fletcher et al. 2002).
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Table 1.5.  Syndromes associated with bone tumors

Syndrome Manifestations

Bloom syndrome AR; growth deficiency, immunodeficiency, early development of cancer including 
osteosarcoma

Familial expansile osteolysis AD; osteosarcoma

Langer-Giedion syndrome Sporadic; combination of tricho-rhino-phalangeal syndrome II and multiple 
osteochondromas; chondrosarcomas

Li-Fraumeni syndrome AD; early onset of various malignancies including osteosarcomas and soft tissue sarcomas

Maffucci’s syndrome Sporadic; multiple enchondromas, chondrosarcoma, hemangioma, spindle cell 
hemangioma, angiosarcoma

Ollier’s disease Sporadic; multiple enchondromas

Multiple osteochondromas 
(osteochondromatosis)

AD; multiple osteochondromas, secondary chondrosarcoma, very rarely osteosarcoma

Mazabraud syndrome Sporadic; polyostotic fibrous dysplasia, osteosarcoma, intramuscular myxoma

McCune-Albright syndrome Sporadic; polyostotic fibrous dysplasia, osteosarcoma, endocrine disorders, skin 
pigmentation

Familial Paget’s disease AD; early onset Paget’s, osteosarcoma

Retinoblastoma AD; osteosarcoma, soft tissue sarcomas

Rothmund-Thomson syndrome AR; poikiloderma, sparse hair, small stature, skeletal abnormalities, increased risk of 
cancer including osteosarcoma

Werner’s syndrome AR; premature aging, increased risk of various bone and soft tissue sarcomas

AD autosomal dominant, AR autosomal recessive
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K ey   P oi  n t s

	 Computed tomography (CT) is a high-radia-••
tion-dose examination, which should therefore 
be both justified and tailored to the clinical 
need.

	 CT of solitary bone lesions may provide infor-••
mation on tumour mineralization difficult to 
identify on plain film or MR.

	 Non-contrast-enhanced CT of the thorax is ••
appropriate for staging of metastatic bone sar-
coma.

	 Whole-body CT in older patients should be ••
considered where the “index” bone lesion may 
be a metastasis.

	 CT with CT fluoroscopy is ideal for guiding ••
bone biopsy and interventional procedures. 
Steps to minimize radiation dose are important 
for both the patient and operator.

	 Ingenuity in patient positioning can produce ••
high-quality scans of limb lesions (by remov-
ing unnecessary parts of the patient from the 
scan plane).

R. W. Whitehouse, MD
Department of Clinical Radiology, Manchester Royal Infir-
mary, Oxford Road, Manchester, M13 9WL, UK
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2.1	  
Introduction

Although magnetic resonance (MR) imaging has be-
come the primary imaging modality for local stag-
ing of bone tumours, computed tomography (CT) has 
complementary roles in the diagnosis and local staging 
of bone tumours, as well as operation planning, cus-
tom prosthesis production, biopsy and percutaneous 
treatment guidance. Scanning the chest for detection 
of pulmonary metastases is also a primary role for CT. 
Computed tomography remains essential for the assess-
ment of patients in whom MR is contraindicated (e. g. 



due to intracranial aneurysm clips or cardiac pacemak-
ers). By comparison with histological measurement 
of metastatic tumour size in resected spinal lesions, 
CT underestimates size, whereas MR overestimates it 
(Fujita et al. 2000), an observation probably also true 
for other tumours and in other locations.

2.2	  
Developments in Computed Tomography

A CT image is a map of normalized X-ray attenuation 
coefficients, generated by computer, from filtered back 
projection of X-ray transmission measurements in mul-
tiple directions through the object in question. Each 
pixel in the image represents the averaged attenuation 
of the material that occupies the corresponding voxel 
in the subject. Recent developments in CT include heli-
cal scanning, multislice acquisition, single rotation vol-
ume scanning, simultaneous dual-energy scanning and 
real-time CT “fluoroscopy” (Dawson and Lees 2001). 
The number of slices acquired in a single rotation of the 
gantry continues to increase with newer scanners able 
to perform a scan with over 300  sub-millimetre slices 
using a single gantry rotation in under 1 s.

2.2.1	  
CT Technology

The CT gantry carries the X-ray tube(s), X-ray detec-
tors and associated electronics. Developments in power 
transfer to the X-ray tubes and data transfer from the 
detectors over the past three decades have increased 
scan data acquisition speeds from approximately one 
slice every 5 s in the early 1980s to several hundred slices 
in under a second in 2008. The speed of digital process-
ing of the data to produce images has also improved 
exponentially, giving almost instant image display. The 
continuous supply of detector output data allows both 
helical scanning and CT fluoroscopy.

Shorter slice acquisition times result in a require-
ment for X-ray tubes to have both a higher heat capac-
ity and a higher maximum tube current, as the mAs 
required for a single slice remains much the same but 
the time in which the slice is acquired is reduced. In ad-
dition, for helical scanning continuous X-ray output for 
up to 60  s may be required. High mA scans, with ex-
tended anatomical coverage, can be obtained with ease 
from multislice helical scanners, with consequent high 
radiation doses to patients.

Helical scanning is performed by moving the table 
continuously during the gantry rotation and X-ray expo-
sure, from the first slice location to the last; thus, a helix 
of X-ray transmission data through the scan volume is 
acquired. To generate a CT image the data from adjacent 
turns of the helix are interpolated to produce transmis-
sion data which are effectively from a single slice loca-
tion (Kalender et al. 1990). This process can be per-
formed at any location within the helix (except the first 
and last 180° – where there is no adjacent helix of data 
for interpolation). In this way overlapping slices can be 
produced without overlapping irradiation to the patient. 
The relationship between the X-ray fan-beam collima-
tion and the table movement per rotation of the gantry is 
called the pitch ratio. Extended or stretched pitch scans 
are performed with pitch ratios greater than 1. Such ex-
tended pitches can be used to trade off between greater 
scan volumes, shorter scan acquisition times and lower 
scan radiation doses. Stretching the pitch ratio to 1.25 
has little effect on the image appearances, but pitch ra-
tios greater than 1.5 produce images with effective slice 
thickness, significantly greater than the nominal fan-
beam collimation thickness. Multislice scanners in par-
ticular may use pitch ratios of less than 1. This increases 
patient radiation dose and scan acquisition time but 
reduces image noise and some spiral scanner artefacts. 
By increasing the number of detector arrays (“multislice 
scanner”) several interlaced helices can be acquired si-
multaneously with the table increment per gantry ro-
tation increased proportionately (McCollough and 
Zink 1999). Initial developments in multislice scanners 
were aimed at reducing individual slice thicknesses, but 
once z-axis resolution is equivalent to in-plane resolu-
tion, further reduction in slice thickness is of limited 
value. Adding further rows of detectors will then increase 
the total width of the detector bank. While offering the 
potential for faster scan acquisition, the increasing di-
vergence of the X-ray beam to the outer rows of detec-
tors creates a “cone-beam” geometry for the X-ray-beam 
paths, requiring complex data corrections to reduce ar-
tefacts in the resultant images. Currently, scanners offer-
ing up to 320 detector rows with up to 16 cm total de-
tector width are available. Flat-panel detectors, based on 
the Direct Digital Radiography technology, for CT data 
acquisition are under development. These detectors will 
allow higher resolution, increased total detector width 
and variable effective slice thickness (Obenauer et al. 
2007). The result of these developments will be a scanner 
that can acquire the full examination data from a single 
gantry rotation without table movement. Although this 
offers significant reduction in acquisition time and total 
X-ray tube loading, radiation dose reduction techniques 
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that modulate the X-ray tube current according to slice 
location will no longer be applicable.

Currently available individual detector widths of 
between 0.5 and 0.75 mm can achieve y-axis resolution 
equivalent to in-plane resolution, giving true isometric 
voxels and consequent equivalent quality reformats in 
any plane. Even with the thinnest detector widths, the 
best y-axis resolution is achieved from overlapping sec-
tions reconstructed at the thinnest available slice width 
and reconstructed at half-slice-width spacing (or less).

The combination of multislice and helical scan-
ning results in volume scan acquisition times which 
are many times faster than a single-slice helical scanner 
with the same gantry rotation speed, and one or even 
two orders of magnitude faster than a non-spiral scan-
ner. Multislice scanning reduces X-ray tube loading re-
quirements as the scanner acquires several slices simul-
taneously with the same tube loading as a single slice 
would require. The patient radiation dose, however, is 
not directly reduced and may be increased if greater 
volumes are scanned.

2.2.2	  
Dual-Energy Scanning

Although dual-energy CT scanning has been performed 
by repeating scans after changing the tube voltage, the 
time delay between these two acquisitions results in 
misregistration of data from the two acquisitions due 
to patient movement. A helical scanner with two X-ray 
tubes set at different kVp levels in the same gantry al-
lows almost simultaneous acquisition of dual-energy 
X-ray attenuation data. From these data separate CT 
images of soft tissue (bone) mineral and contrast media 
can be generated. The use of this scanner in assessment 
of bone tumours has not been evaluated; it may offer 
higher sensitivity and specificity to the presence of min-
eralization in tumours and may also increase sensitivity 
to contrast enhancement.

2.2.3	  
Single Gantry Rotation Volume Scanning

With increasing detector row numbers and coverage, 
true volume scanning becomes possible without requir-
ing the table movement that is used to give a helical 
acquisition. A single, sub-second gantry rotation then 
produces hundreds of sub-millimetre-thick sections si-
multaneously, with a coverage of over 15 cm. The value 
of such scanners in the assessment of bone tumours has 

not yet been evaluated. Apart from increased through-
put and reduced movement artefact, the potential to 
perform tumour perfusion studies warrants consider-
ation.

2.2.4	  
CT “Fluoroscopy”

Continuous CT gantry rotation and data acquisition 
without table movement provides continuously updated 
X-ray transmission data from which revised images can 
be generated. With extremely rapid processors and ap-
propriate reconstruction algorithms, further delay for 
image reconstruction can be minimized and a continu-
ously updated CT image displayed in “near real time” 
(Hsieh 1997). Such “CT fluoroscopy” imaging can be 
used for CT-guided interventional procedures (De Mey 
et al. 2000). As with all fluoroscopic procedures care 
should be taken to reduce fluoroscopy time to the mini-
mum necessary and to avoid operator irradiation – in-
struments designed to keep the operators hands out of 
the CT section (Daly et al. 1998) and use of the lowest 
selectable tube current are advocated (50 mA is claimed 
to be sufficient; Froelich et al. 1999). The present au-
thor routinely uses 10-mA tube current for CT fluoros-
copy of limbs. To assist in maintaining short CT fluo-
roscopy exposure times, routine recording and auditing 
of fluoroscopy exposure times is advocated. An audible 
alarm after a preset exposure time may also assist in 
keeping exposures as short as possible. The use of a lead 
drape adjacent to the irradiated volume has been dem-
onstrated to reduce operator exposure (Nawfel et al. 
2000). High skin doses to patients and operators will 
occur if care is not taken.

2.2.5	  
Data Manipulation

The vast masses of imaging data acquired from a mul-
tislice spiral scanner produces problems of data storage 
and interpretation. With isometric voxels, reformatted 
images in any other image plane will have the same im-
age quality as the acquisition images. Fast workstations, 
allowing rapid reformatting and display of examina-
tions in the most appropriate plane for the pathology 
being demonstrated, are therefore necessary. Post-pro-
cessing image reconstructions (curved planes, surface-
rendered 3D images, minimum or maximum intensity 
projections, “transparent bone”) can also be applied to 
assist in diagnosis or treatment (Figs. 2.1, 2.2).
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2.3	  
Scan Image Quality

The amount of noise, beam-hardening and streak arte-
facts in a CT image are dependent upon the following 
factors:
1.	 Collimation slice thickness
2.	 Partial or full rotation data set
3.	 Mass and distribution of tissue in the scan plane
4.	 Scan acquisition time/patient movement
5.	 High-density extraneous material (e.g. contrast me-

dium spills, surgical metalwork)

6.	 KVp and mAs
7.	 Field of view
8.	 Matrix size
9.	 Reconstruction algorithm
10.	Post-processing image sharpening or softening 

filters
11.	Viewing window width and level settings

Most of these factors are amenable to selection or modi-
fication by the scanner operator and can markedly affect 
the quality of the final image. The relationships between 
image noise, mAs and patient size are non-linear, with a 
halving of patient size (cross-sectional area) resulting in 

Fig. 2.1.  Plain film (a), axial CT (b) and 
(c) surface reconstruction of a parosteal 
osteosarcoma of the distal femur. (Cour-
tesy of A.M. Davies)

a

b,c
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a quartering of image noise, whereas a fourfold increase 
in mAs is needed to halve the image noise. For small pa-
tients, image noise is effectively low at all mAs settings 
and the absolute reduction in image noise achieved by 
quadrupling the mAs is small.

In addition, when imaging osseous lesions, the 
width of the usual viewing window for bone renders 
noise less perceptible. As children are more radiation 
sensitive than adults as well as smaller, particular atten-
tion should be paid to reducing the mAs in this group of 
patients. Reducing the kVp also reduces patient radia-
tion dose while also increasing the CT number differ-
ence between mineral and soft tissue. For small patients 
(paediatric patients in particular) this should also be 
considered.

Streak artefacts can be generated by high-density 
material within the scan plane but outside the field 
of view of the scanner. Tabletops, which contain edge 
grooves, tracks for the fixing of attachments or detach-
able mattresses can act as traps for spilt contrast media. 
Contrast droplets on the gantry window will also cause 
imaging artefacts. Scrupulous care to keep the tabletop 
and gantry clean is needed to remove these sources of 

artefact. Lightweight casts and plaster of paris casts do 
not significantly impair CT scan images of the con-
tained limb, unless metallic components have been in-
corporated.

2.3.1	  
Internal Metalwork from Fixation  
Devices

The streak artefact generated from in-situ intramed-
ullary rods is rarely excessive and does not prevent 
adequate assessment of the bone cortex, making CT 
valuable in assessing cortical bone near prostheses in 
selected cases. More intrusive streak artefact is seen 
when the CT image plane is through locking screws in 
intramedullary rods, bone surface plates, hip-joint re-
placements or fixation screws. Care in patient position-
ing (including decubitus positions where necessary) 
combined with gantry angulation in order to align the 
scan plane with the long axis of any screws present will 
reduce the number of sections degraded by streak arte-
fact from the screws to a minimum.

Fig. 2.2a–c.  Plain film (a), axial CT (b) and (c) surface reconstruction of an os-
teochondroma of the distal femur. (Courtesy of A.M. Davies)

a

b

c
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In scanners with operator-selectable kVp, the use 
of the highest kVp setting and the use of higher mAs 
settings are claimed to reduce streak artefact from met-
alwork, although this has not been confirmed in some 
studies (Haramati et al. 1994; Lee et al. 2007; Link 
et al. 2000). The combination of increased kVp and mAs 
results in considerably greater tube loading and patient 
irradiation; consequently, the value of significantly in-
creasing these parameters in the presence of metalwork 
should be considered with care. Streak artefact may ap-
pear visually less intrusive on volume-rendered (3D) 
images (Pretorius and Fishman 1999). The streak 
artefact from titanium prostheses is less than that from 
cobalt−chrome (Haramati et al. 1994). The use of an 
extended CT number scale (with a maximum window 
width of 40,000) may also improve the demonstration 
of metalwork (Link et al. 2000).

2.3.2	  
CT Number, Hounsfield Units, Window 
Width and Levels

The scale of numbers used to define the grey scale in 
CT images is artificially limited by data-storage con-
straints. The CT number scale runs from –1,000 for air, 
through 0 for water. The top end of the scale is usually 
constrained to fit into a 12-bit binary number (allowing 
number values from –1024 to +3072 to be stored), al-
though extended-scale imaging with a maximum win-
dow width approximately ten times greater than this 
may be of value for imaging in the presence of metal-
work. The Hounsfield unit (HU) is the true value which 
the CT number should represent. Scanner drift, calibra-
tion error, artefact or other limitation may render this 
inaccurate, which is why measurements made from 
scan images are best called CT numbers.

The Hounsfield unit value for any material is de-
fined by Eq. 2.1:

HUs = 1,000 (ms-mw/mw), 	 2.1

where HUs = the Hounsfield unit value for substance s, 
ms =  linear attenuation coefficient for substance s and 
mw = linear attenuation coefficient for water.

This formula relates the HU value to the linear at-
tenuation coefficients of the material being measured 
and water. As the linear attenuation coefficients of all 
materials change with X-ray-beam energy, there are 
consequently only two fixed points on the Hounsfield 
scale. These points are –1,000, which is the HU value for 
no X-ray attenuation (i.e. a vacuum), and zero, which 
corresponds to the HU value for water (at the calibra-

tion pressure and temperature for the scanner). The HU 
scale is open ended, with high-atomic-number, high-
density materials having values much in excess of the 
upper end of the usual scale (even on “extended-scale” 
scanners).

The theoretical Hounsfield value for dense cortical 
bone calculated at an effective beam energy of 65 keV 
(equivalent to a scanner operating at around 120 kVp) is 
in the region of 1,600 (Fig. 2.3). At lower energies (e.g. 
55 KeV – the approximate effective energy of a scanner 
operating at 80 kVp), the HU value for dense cortical 
bone is over 2,000. Other high-atomic-number ma-
terials (contrast media, aluminium and metal fixation 
devices) also show marked variation in HU value with 
beam energy. By contrast, the HU values of soft tissues, 
collagen and fat vary very little with effective beam en-
ergy as the linear attenuation coefficients because these 
materials closely follow those of water. Consequently, 
in scanners which allow the operating voltage to be 
changed, the CT number for bone can be increased by 
using a low kVp (around 80 kVp). This increases the de-
pendence of the CT number on the presence of bone or 
calcification.

For lower-atomic-number materials, such as are 
present in soft tissues, the X-ray attenuation and con-
sequent CT number is predominantly influenced by 
the electron density of the material, which is, in turn, 
closely related to the physical density of the material. 
Even the CT number of water is influenced by differ-
ences in temperature and differences in density exist 
between water at room and body temperature (White-
house et al. 1993). The presence of protein or high con-
centrations of salts will increase the CT number of body 
fluids. Measurement of the CT number of a region of 
interest in an image must therefore be considered only a 
guide to its composition.

The visual impression of the density of a region of 
interest is influenced by the window and level settings 
of the image, the calibration of the display and the den-
sities in the surrounding part of the image. Particularly 
within bone, the surrounding high density of bone can 
give a lytic lesion the visual impression of a lower den-
sity than actually exists. Consequently, measurement 
rather than estimation of any region of interest is es-
sential.

The window width and level are calibrated contrast 
and brightness settings for image display. The most 
appropriate window level for cortical bone will be 
influenced by the bone density and the effective scan 
energy, whereas the window width may need to be 
quite narrow to demonstrate subtle intracortical density 
changes.
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