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Bone Tumors and Tumorlike
Conditions: Analysis with
Conventional Radiography’

Radiology

Theodore T. Miller, MD . A .
The approach to the radiographic diagnosis of bone tu-

mors consists of analyzing the lesion in an organized fash-
ion, with attention to the specific radiographic features of
tumor location, margins, and zone of transition; periosteal
reaction; mineralization; size and number of lesions; and
presence of a soft-tissue component. Patient age is also an
important clinical factor in the diagnosis of bone tumors,
because various lesions have predilections for specific age
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he term bone tumor is a broad cat-

egory, encompassing benign and

malignant neoplasms, reactive fo-
cal abnormalities, metabolic abnormal-
ities, and miscellaneous “tumorlike”
conditions. This article will categorize
bone tumors according to their classic
appearances and typical patient age
groups, but radiographic exceptions al-
ways exist and ages should be consid-
ered approximate. In addition, this ar-
ticle is not going to discuss any particu-
lar tumor in depth; the interested
reader should further his or her knowl-
edge by reading any standard textbook
chapter or review article on specific tu-
mors. The purpose of the tables in this
article is merely to help the reader or-
ganize his or her understanding of these
abnormalities rather than to provide
lists for memorization; it is better to
recognize the predilection of different
lesions for certain locations and age
groups and to understand how to ana-
lyze the radiographic appearances of

B Tumors have a typical patient age
range—<20, 20-40, and >40
years old—and a typical location
in the skeleton—flat versus tubu-
lar bones, epiphyseal versus me-
taphyseal versus diaphyseal, or
medullary versus cortical versus
juxtacortical.

B The margin of a lesion and type
of periosteal reaction are indica-
tors of lesion aggressiveness, but
not necessarily of whether it is
benign or malignant: A well-de-
fined lesion with a sclerotic rim
and thick unilamellar periosteal
reaction is the most innocuous
appearance, while a permeated
pattern with spiculated perios-
teal reaction is the most aggres-
sive.

B The pattern of mineralization of the
tumor matrix is often the clue to
the type of tumor: Mineralization
of chondral tissue is punctate,
flocculent, or arclike, while min-
eralization of osseous tissue is
fluffy and cloudlike.

Table 1

Peak Age Predilection of Bone Lesions

Age (y) Benign Malignant

<20 Fibrous cortical defect, nonossifying fibroma, Leukemia, Ewing sarcoma, osteosarcoma
simple bone cyst, aneurysmal bone cyst, (conventional, periosteal, telangiectatic),
chondroblastoma, Langerhans cell metastatic disease (rare),
histiocytosis, osteoblastoma, osteoid neuroblastoma, retinoblastoma,
osteoma, osteofibrous dysplasia, rhabdomyosarcoma, Hodgkin lymphoma
chondromyxoid fibroma, fibrous dysplasia,
enchondroma

20-40 Enchondroma, giant cell tumor, Osteosarcoma (parosteal), adamantinoma
osteoblastoma, osteoid osteoma,
chondromyxoid fibroma, fibrous dysplasia

>40 Fibrous dysplasia, Paget disease, non-Hodgkin Metastatic disease (most common),

lymphoma, chondrosarcoma, malignant
fibrous histiocytoma, osteosarcoma
(secondary to Paget disease and radiation)

myeloma

Adamantinoma
Osteofibrous Dysplasia
Diaphysis

Osteoid Osteoma

Stress Fracture —p | !

Chronic Osteomyelitis

Fibrous Cortical Defect
Non-ossifying Fibroma
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Osteochondroma ey

Osteosarcoma
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Articular Osteo-
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Figure 1:

(Adapted and reprinted, with permission, from reference 1.)

Diagram shows common locations of tumors and tumorlike conditions in transverse and longi-
tudinal dimensions of along bone. ABC = aneurysmal bone cyst, CB = chondroblastoma, CS = chondro-
sarcoma, £nchond = enchondroma, GCT = giant cell tumor, OM = osteomyelitis, 78 = tuberculosis.
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these lesions than it is to memorize long
lists.
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Approach

The two most important aspects of eval-
uating a bone tumor are the location of
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the tumor and the age of the patient.
Knowledge of this information alone is
enough to narrow the differential diag-
nosis without even looking at any im-
ages. The specific radiographic appear-
ance should then help narrow the list
even further and will often lead to the
single correct diagnosis.

The approach to the radiographic di-
agnosis of bone tumors consists of analyz-
ing the lesion in an organized fashion,
with attention paid to several specific ra-

diographic features (1-5). While these
features were originally described with
reference to the appearance of the lesion
on conventional radiographs, they can
also be applied to computed tomographic
(CT) images (6). However, they cannot
be applied to magnetic resonance (MR)
images, because the aggressiveness of
some benign lesions can be overestimated
on MR images as a result of marrow and
soft-tissue edema (7-9). The specific radio-
graphic features that should be evaluated

are tumor location, margins and zone of
transition, periosteal reaction, mineraliza-
tion, size and number of lesions, and pres-
ence of a soft-tissue component.

Patient Age

Most bone tumors have a predilection for
a specific age group; therefore, the most
important piece of clinical information
when assessing a bone tumor is the pa-
tient’s age. Exceptions do exist, but the

Table 2

Typical Locations of Bone Lesions

Location Benign

Malignant

Epiphyseal (end of bone)

Chondroblastoma (skeletally immature patient)

Giant cell tumor (skeletally mature patient)

Osteomyelitis (pyogenic: starts in metaphysis and may spread
to epiphysis if the person is <18 mo old; tuberculosis or
fungus at end of bone in skeletally mature person)

Paget disease

Intraosseous ganglion/geode (should have associated arthritis)

Osteochondral injury
Metaphyseal

Clear cell chondrosarcoma (exceedingly rare tumor)

Conventional osteosarcoma

Medullary

Cortical

Juxtacortical

Diaphyseal (shaft)
Medullary

Cortical

664

Simple (unicameral) bone cyst (centrally located)

Aneurysmal (multicameral) bone cyst (eccentrically located;
may be engrafted on other lesions such as giant cell tumor
and chondroblastoma)

Enchondroma (centrally located)

Fibrous dysplasia

Osteomyelitis (typical location for pyogenic infection in
children >18 mo and adults)

Localized Langerhans cell histiocytosis

Chondromyxoid fibroma (eccentrically located)

Fibrous cortical defect and nonossifying fibroma (lytic in
children, fills in and involutes in adults)

Osteoid osteoma (small lucent nidus with surrounding
fusiform reactive sclerosis)

Juxtacortical chondroma (arises from periosteum)

Fibrous dysplasia

Localized Langerhans cell histiocytosis (may also occur in
metaphysis and flat bones, eg, calvarium, pelvis, mandible,
ribs)

Ossifying fibroma (ie, osteofibrous dysplasia or Campanacci
lesion)

Chondrosarcoma

Metastatic disease
Myeloma (over age 40)
Lymphoma

Malignant vascular tumors (very rare; angiosarcoma, hemangiopericytoma)

Metastatic disease (especially lung)

Periosteal osteosarcoma (arises from deep cambian layer of periosteum)
Parosteal osteosarcoma (arises from a superficial layer of periosteum)
Juxtacortical chondrosarcoma (arises from the periosteum)

Ewing sarcoma (may also occur in the metaphysis and in flat bones: eg,
calvarium, pelvis, mandible, ribs; reflecting red marrow distribution)
Lymphoma

Myeloma (occurs in red marrow sites, eg, axial skeleton and proximal
aspects of humeri and femora)
Metastatic disease (may be medullary or cortical)

Malignant vascular tumors (very rare; angiosarcoma, hemangiopericytoma)
Adamantinoma (mixed lytic and sclerotic lesion occurring almost exclusively
in anterior cortex of tibia; tibia may be bowed; look for satellite lesion in

tibia or adjacent fibular involvement)
Metastatic disease (especially lung)

Radiology: \olume 246: Number 3—March 2008
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typical peak ages of different lesions are
listed in Table 1. For example, simple
bone cysts and chondroblastomas occur
in skeletally immature people, while giant
cell tumors occur in skeletally mature
people. Ewing sarcoma typically occurs in
10-20-year-old patients, while conven-
tional osteosarcoma has two age peaks,
one, arising de novo, in teenagers and the
second, arising in pagetic or previously
irradiated bone, in adults older than 50
years. A malignant bone lesion in an adult
over 40 years old is much more likely to be
metastatic carcinoma, myeloma, or meta-
static non-Hodgkin lymphoma rather than a
primary bone sarcoma.

Most bone tumors, regardless of whether
they are benign or malignant, often oc-
cur in a characteristic location in the
skeleton (ie, axial vs appendicular skel-
eton or long vs flat bone). Thus, some
tumors (eg, osteosarcoma) have a pre-
dilection for sites of rapid bone growth,
usually the metaphyseal region, while
other tumors (eg, Ewing sarcoma) tend
to follow the distribution of red mar-
row. Furthermore, a lesion in a long

Figure 2:  Anteroposterior radiograph of the hip
ina17-year-old patient shows lucent, mildly ex-
pansile lesion (arrows) in the greater trochanter
(anepiphyseal equivalent), representing chondro-
blastoma.

bone may be characterized by its longi-
tudinal location (epipyseal vs metaphy-
seal vs diaphyseal) and by its transverse
location (medullary vs cortical vs juxta-
cortical). For example, a simple bone

Figure 3

calcaneus, with a sclerotic rim (arrows).

cyst and a nonossifying fibroma are both
metaphyseal lesions, but the simple
bone cyst is a medullary process, while
the nonossifying fibroma is a cortical
process. Moreover, a simple bone cyst

Figure 3:  Type 1ageographic lesion. (a) Diagram shows well-defined lucency with sclerotic rim. (Adapted
and reprinted, with permission, from reference 1.) (b) Lateral radiograph shows intraosseous lipoma of the

Figure 4

Figure 4:  Type 1b geographic lesion. (a) Diagram shows well-defined lucent lesion without sclerotic rim.
(Adapted and reprinted, with permission, from reference 1.) (b) Anteroposterior radiograph of femur shows
well-defined geographic Iytic focus of myeloma without a sclerotic rim. Notice the endosteal scalloping
(arrows).
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is usually located centrally within the
medullary cavity, while an aneurysmal
bone cyst is located eccentrically in the
medullary cavity (Fig 1) (Table 2). How-
ever, in short or thin tubular bones,
such as the metacarpals, metatarsals,
phalanges, and fibula, the entire diame-
ter of the bone can be involved, some-
times making it difficult to determine in
what part of the bone the lesion started.

An apophysis (a growth center that
does not contribute to the length of a
bone) is the equivalent of an epiphysis
(a growth center at the end of a bone
that does contribute to length); thus,
one should use the “end-of-bone” differ-
ential list for a lesion in such sites as the
greater trochanter of the femur and the
tibial tubercle (Fig 2). Similarly, other
growth centers such as the patella; the
small bones of the wrist, hindfoot, and
midfoot; and the subarticular portions
of flat bones, such as those around the
sacroiliac joints and acetabuli in the pel-
vis and the glenoid of the scapula, are
also end-of-bone equivalents (10).

The differential diagnosis can then
be further narrowed by knowing the age
of the patient. For example, a lytic le-
sion in the epiphysis of a long bone of an
adolescent is likely to be a chondroblas-
toma, whereas a lytic lesion at the end
of a long bone in a young adult is likely
to be a giant cell tumor. Ewing sarcoma
and Langerhans cell histiocytosis have a
predilection for the diaphysis of long
bones in people younger than 20 years
and a predilection for flat bones such as
the pelvis and skull in people older than
20 vyears (4), reflecting the normal
change in the distribution of red mar-
row as a person ages.

Some processes have a predilec-
tion for a particular bone and location,
such as an adamantinoma and osteofi-
brous dysplasia for the anterior cortex
of the tibia (11), periosteal desmoid
for the posterior distal aspect of the
femur, and hemangioma for vertebral
bodies (Table 3).

Bone lesions may range from a discrete
well-defined abnormality to an ill-de-
fined infiltrative process. The margin of

Specific Sites of Selected Tumors

Tumor

Site

Adamantinoma
Osteofibrous dysplasia
Epidermal inclusion cyst
Glomus tumor
Periosteal desmoid
Parosteal osteosarcoma
Chordoma
Hemangioma

Simple bone cyst
Intraosseous lipoma
Osteoblastoma
Aneursymal bone cyst

Anterior cortex of tibia

Anterior cortex of tibia

Terminal tuft of phalanx
Terminal tuft of phalanx
Posterior cortex of distal femur
Posterior cortex of distal femur
Clivus, vertebral bodies, sacrum
Vertebral bodies

Calcaneus

Calcaneus (may have focal calcification)
Posterior elements of spine
Posterior elements of spine

Figure 5

tion is unusual for osteosarcoma.

Figure5: Type 1c geographic lesion. (a) Diagram shows ill-defined Iytic lesion. (Adapted and reprinted,

with permission, from reference 1.) (b) Lateral radiograph of femur in patient with osteosarcoma shows large
ill-defined Iytic lesion (large black arrows). Note Codman triangles (large white arrows), periosteal interrup-
tion (small white arrow), and tumor-induced new bone production (small black arrow). The diaphyseal loca-

the lesion and the zone of transition be-
tween lesion and adjacent bone are key
factors in determining if a lesion is ag-
gressive. A lesion with sharp margins
and a narrow transition zone is radio-

graphically considered nonaggressive,
particularly when the margins have a
sclerotic border.

A focal discrete lesion is called “geo-
graphic.” Geographic lesions are classi-
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Table 4

Tumors with a Permeated or Moth-eaten Appearance, by Age

Tumor Type Patient Age
Benign
Localized Langerhans cell histiocytosis 5-15yr
Acute pyogenic osteomyelitis Any age
Malignant
Neuroblastoma metastases Young child
Retinoblastoma metastases Young child
Rhabdomyosarcoma metastases Young child
Leukemia Young child
Ewing sarcoma and variants (primitive neuroectodermal tumor, Askin tumor) 5-20 yr
Osteosarcoma 10-25 yr
Lymphoma >20 yr
Myeloma >40 yr

Table 5

Lesions That May Contain a Sequestrum

Lesion Character Lesion

Benign Chronic osteomyelitis
Localized Langerhans cell histiocytosis

Osteochondral fracture (osseous fragment in donor pit)

Intraosseous lipoma (ossification of fat necrosis rather than true sequestrum)

Malignant Fibrosarcoma
Malignant fibrous histiocytoma
Primary lymphoma of bone

Table 6

Multiple Bone Lesions

Lesion Characteristic Lesion

Sclerotic Multiple bone islands (osteopoikilosis)

Osteoblastic metastatic carcinoma (prostate, breast, lung, colon, mucin-producing

adenocarcinoma)

Lytic Osteolytic metastatic carcinoma (prostate, breast, lung, colon, etc)

Myeloma
Non-Hodgkin lymphoma

Benign vascular lesions: hemangioma, cystic angiomatosis (rare tumor)
Malignant vascular lesions (rare tumors): hemangioendothelioma, angiosarcoma,

hemangiopericytoma

Brown tumors of hyperparathyroidism (should have other radiographic features of

hyperparathyroidism)

Multiple enchondromatosis (Ollier and Maffuci disease; may have internal
mineralization or appear as lucent linear seams of cartilage within bone)

Fibrous dysplasia (usually ground-glass lytic but may be mixed lytic and sclerotic;

bone may be deformed)

Radiology: \/olume 246: Number 3—March 2008

fied as type 1 and can be further catego-
rized as type la (well-defined border
with sclerotic rim) (Fig 3), type 1b
(well-defined border but without scle-
rotic rim) (Fig 4), and type 1lc (focal lytic
lesion with ill-defined border) (Fig 5)
(1). On the other hand, an infiltrative
lesion has ill-defined margins and a
broad zone of transition, and its pat-
tern of bone destruction may be
“moth-eaten” (type 2) (Fig 6) or “per-
meated” (type 3) (Fig 7), which refer to
small, patchy, ill-defined areas of lytic
bone destruction.

The classification of a lesion is not as
important as an understanding of the
radiographic features that make the ab-
normality look innocuous or aggressive.
Type la lesions are at one end of the
spectrum as the most innocuous and
nonaggressive appearing, and type 3 le-
sions are at the other end of the spec-
trum as the most aggressive appearing.
However, while a nonaggressive ap-
pearance suggests a benign process and
an aggressive appearance suggests a
malignant one, this is not always the
case: Osteomyelitis and localized Lang-
erhans cell histiocytosis are benign pro-
cesses that can have an aggressive per-
meated appearance, and a giant cell tu-
mor may look well defined but be locally
aggressive and, on rare occasions, may
even metastasize.

The permeated appearance is typi-
cal of a class of malignant lesions called
the “small round blue cell group” be-
cause of these lesions’ histologic appear-
ance on hematoxylin and eosin stained
specimens (12-14). Osteomyelitis and
localized Langerhans cell histiocytosis
also look “blue” on hematoxylin and eo-
sin stained specimens. Although they
are not histologically the same as the
malignant small round blue cell le-
sions, they may also cause a perme-
ated or moth-eaten radiographic ap-
pearance (Table 4).

Periosteal Reaction

The presence and appearance of perios-
teal reaction are also important radio-
graphic features that help characterize a
bone lesion. Solid or unilamellated peri-
osteal reaction is a nonaggressive ap-
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pearance, since it indicates that the un-
derlying lesion is slow growing and is
giving the bone a chance to wall the
lesion off (Fig 8). A multilamellated or
“onionskin” appearance suggests an in-
termediate aggressive process, such as
one that waxes and wanes or one that
the bone is continually trying to wall off
but cannot (4) (Figs 6, 9). Interruption
(ie, regional disruption) of either the
uni- or multilamellated periosteal reac-
tion suggests an aggressive process that
has broken through the periosteum. A
spiculated, or “hair-on-end” (perpendic-
ular to the cortex) or sunburst pattern, is
the most aggressive appearance and is
highly suggestive of malignancy (Fig 10).
A Codman triangle refers to elevation of
the periosteum away from the cortex,
with an angle formed where the ele-
vated periosteum and bone come to-
gether (Figs 5, 11); although the Cod-
man triangle is often associated with
conventional osteosarcoma, any ag-
gressive process that lifts the perios-
teum may produce this appearance,
even benign entities such as infection
and subperiosteal hematoma. Some-
times periosteal reaction occurs as a
result of pathologic fracture through a
bone tumor and not because of the
tumor itself, such as in the case of a
simple bone cyst.

Opacity and Mineralization

Tumors may be lytic, sclerotic, or mixed
and usually have a typical opacity. For
example, simple bone cysts and giant
cell tumors are lytic, bone islands are
sclerotic, and adamantinomas are often
mixed. Lucency and sclerosis associated
with true neoplasms are due to stimula-
tion of osteoclasts or osteoblasts, re-
spectively, by the tumor. Sometimes
the destructive process will cause a
fragment of bone to become seques-
tered within the lytic region; such a
sequestrum may be seen in both be-
nign and malignant processes (15)
(Table 3).

Occasionally, the trabecular pattern
within the lesion is the clue to its diag-
nosis. For example, an aneurysmal bone
cyst and a desmoplastic fibroma may
have a honeycomb appearance (Fig 12),

Figure 6

Figure 6:  Type 2 moth-eaten lesion. (a) Diagram shows patchy lysis of medullary cavity. (Adapted and
reprinted, with permission, from reference 1.) (b) Anteroposterior radiograph of osteosarcoma shows ill-
defined patchy lytic lesion involving medullary cavity (long solid arrows) and cortex (open arrow). Also note
multilamellated periosteal reaction (short solid arrows).

Table 7

Lytic Expansile Soap Bubble Appearance

Lesion Character Lesion

Brown tumor of hyperparathyroidism (should have other radiographic features of

Hemophiliac pseudotumor (should also have hemophiliac arthropathy)

Benign Aneurysmal bone cyst
Nonossifying fibroma
Chondromyxoid fibroma
hyperparathyroidism)
Malignant

Plasmacytoma

Telangiectatic osteosarcoma

Metastasis (especially renal and thyroid carcinoma)

and Paget disease can have coarsened
trabeculae. A hemangioma in a long
bone may have a sunburst or spoke-and-
wheel pattern of trabeculation, while this
same entity in a vertebral body will have
a vertically oriented, coarsened, “cor-
duroy” trabecular pattern.

The radiographic opacity of a le-
sion can also be affected by the min-

eralization of its matrix. The term ma-
trix refers to the type of tissue of the
tumor—such as osteoid, chondral, fi-
brous, or adipose, all of which are ra-
diolucent—and mineralization refers
to calcification of the matrix. This con-
cept of matrix mineralization is impor-
tant to understand, because the pat-
tern of mineralization can be a clue

Radiology: \olume 246: Number 3—March 2008
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Figure 7

Figure 7:  Type 3 permeated Iytic lesion. (a) Dia-
gram shows small patchy lucencies in medullary cav-
ity. (Adapted and reprinted, with permission, from
reference 1.) (b) Anteroposterior radiograph shows
fine permeated pattern involving cortex and medullary
space of diametaphysis of proximal portion of tibia
(arrows) in a patient with Ewing sarcoma. (Image cour-
tesy of Marcia Blacksin, MD, University of Medicine
and Dentistry of New Jersey, Newark, NJ.)

Ll

a

Figure 8
Figure 8:  Unilamellated periosteal reaction. (a) Dia-
gram shows single layer of reactive periosteum (arrow).
(Adapted and reprinted, with permission, from reference
2.) (b) Anteroposterior radiograph of the knee in patient
with hypertrophic osteoarthropathy shows thick uni-
lamellated periosteal reaction (arrows).

<+
a
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a. b.

Figure9: Multilamellated periosteal reaction. (a) Diagram shows multilamellated, or onionskin, perios-
teal reaction (arrow). (Adapted and reprinted, with permission, from reference 2.) (b) Anteroposterior radio-
graph in a patient with osteosarcoma shows multilamellated periosteal reaction (arrow) in proximal portion of
femur. Note also large surrounding soft-tissue mass. See also Figure 6b. (Image courtesy of David Disler,
MD, Commonwealth Radiology, Richmond, Va.)

Figure 11

a b.

Figure11:  Codman triangle. (a) Diagram shows elevated periosteum (arrow) forming an angle with the
cortex. (Adapted and reprinted, with permission, from reference 2.) (b) Lateral radiograph in patient with os-
teosarcoma shows the elevated periosteum forming Codman triangle (long arrow). Notice the tumor-induced
new bone formation (short arrows.) See also Figure 5b.

to the type of underlying matrix
and, thus, the diagnosis. For example,
calcification of chondral tissue often
produces punctate, flocculent, comma-
shaped, or arclike or ringlike mineral-
ization, indicating that the lesion is car-
tilaginous, such as an enchondroma,
chondrosarcoma, or chondroblastoma
(Fig 13), but all of these lesions vary in
the frequency of radiographically evi-
dent mineralization. Bone-forming tu-
mors have fluffy, amorphous, cloudlike
mineralization, causing an opaque ra-
diographic appearance (Figs 5, 11, 14),
but the distinction between chondral
and osseous mineralization can some-
times be difficult. Some tumors are
completely nonmineralized, making de-
termination of their tissue of origin diffi-
cult. Faint mineralization in a lesion is
best assessed by using CT, which is
more sensitive than radiographs for dif-
ferences in attenuation (16-18).

Size and Number

The size of a lesion can also be a clue to
its diagnosis, since some entities have
size criteria. For example, osteoid os-
teoma and osteoblastoma are histologi-
cally similar lesions, but they differ in
size: The nidus of an osteoid osteoma is
less than 1.5 cm in diameter, while the
osteoblastoma is larger than 1.5 cm
(19). Traditionally, a well-defined lytic
lesion in the cortex of a long bone with a
sclerotic rim has been termed a fibrous
cortical defect if it is less than 3 cm in
length and a nonossifying fibroma if it is
larger than 3 cm (10), but some authors
prefer to use the term fibroxanthoma
for both of these lesions (20). A 1-2-cm
chondral lesion in a long bone is most
likely to be an enchondroma, while the
risk of it being a low-grade chondrosar-
coma increases if it is greater than 4 or
S cm (21-24).

Primary bone tumors are solitary
occurrences, while other abnormali-
ties may be multiple (Table 6). Multi-
ple sclerotic lesions might represent
metastatic disease or osteopoikolosis
(multiple bone islands); the latter are
usually similar in size and are centered
around joints. The most common causes
of multiple lucencies in someone older

670
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Figure 10

a b. c.
Figure 10:  Perpendicular periosteal reaction. (a) Diagram shows spiculated, or hair-on-end, periosteal reaction (arrow). (b) Diagram shows radial, or sunburst, peri-
osteal reaction (arrow). (Fig 10a, 10b adapted and reprinted, with permission, from reference 2.) (¢) Anteroposterior radiograph in patient with osteosarcoma shows

marked perpendicular periosteal reaction in proximal portion of femur. (Image courtesy of Marcia Blacksin, MD, University of Medicine and Dentistry of New Jersey,
Newark, NJ.)

Figure 12

a. b. C.

Figure 12:  Aneurysmal bone cysts. (a) Anteroposterior radiograph of the pelvis shows expansile lytic lesion of right acetabulum with thinning of the cortex (arrow)
and honeycomb trabeculation. Flat bones are acommon location for aneurysmal bone cysts. (Image courtesy of Marcia Blacksin, MD, University of Medicine and Den-
tistry of New Jersey, Newark, NJ.) (b) Anteroposterior radiograph of proximal portion of tibia and fibula shows expansile Iytic lesion in proximal fibular metaphysis, with
mild honeycombing (black arrows). Eccentric origin of the lesion is hard to appreciate in thin bones such as the fibula; both cortices are ballooned, with focal loss laterally
(white arrow). (Image courtesy of David Disler, MD, Commonwealth Radiology, Richmand, Va.) (c) Anteroposterior radiograph of distal forearm and wrist shows more
typical eccentric location of aneurysmal bone cyst in distal metaphysis of the radius, although this particular lesion lacks a honeycomb appearance. Cortex on radial side
is very thin (arrows). (Image courtesy of Bernard Ghelman, MD, Hospital for Special Surgery, New York, NY.)

Radiology: \/olume 246: Number 3—March 2008 671
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than 40 years are metastatic carcinoma,
multiple myeloma, and metastatic non-
Hodgkin lymphoma, but benign entities
such as multiple brown tumors may look
similar.

Cortical Involvement

In addition to lesions that specifically
arise within the cortex, the cortex may
be affected by processes that originate
in the medullary canal or the perios-
teum or surrounding soft tissue. For ex-
ample, as a medullary process expands,
it may cause erosion of the inner surface
of the cortex, called endosteal scallop-
ing (Fig 4). If the medullary lesion is so
aggressive that it erodes the inner as-
pect of the cortex without giving the
periosteum a chance to lay down new

Figure 13:  Chondral mineralization. (a) Dia-
gram shows patterns and of mineralization of carti-
laginous tumor matrix: stippled (left), flocculent
(middle), and ring and arc (right). (Adapted and
reprinted, with permission, from reference 3.) (b)
Lateral radiograph of proximal portion of tibia
shows enchondroma with punctate and arclike
mineralization (arrows).

bone, the cortex will eventually be com-
pletely destroyed and breached by the
lesion. On the other hand, if the bone
has time to lay down new periosteum on
the outer surface of the cortex as the
inner surface is being eroded, the bone
may look expanded owing to the out-
ward ballooning of the cortex (Fig 12).
Depending on the aggressiveness of the
lesion, the ballooned cortex may have
normal thickness or be thin. The bal-
looned cortex gives rise to the catego-

i

Figure 14:  Diagram shows patterns of mineral-
ization of osseous matrix with solid (left), cloud-
like (middle), and ivory-like (right) opacity.
(Adapted and reprinted, with permission, from
reference 3.) See also Figures 5b, 11b, and 16.

Figure 16

N

Figure 16:  Lateral radiograph of distal portion
of femur shows osteosarcoma with amorphous
tumor-induced new bone formation (black ar-
rows). Note the large soft-tissue mass (white ar-
rows) that displaces adjacent fat.

Figure 15

a. b.

Figure 15:  Buttress periosteal reaction. (a) Diagram shows beaklike solid periosteal buttress formation
(arrow). (Adapted and reprinted, with permission, from reference 2.) (b) Anteroposterior radiograph of hu-
merus ina patient with periosteal chondrosarcoma shows periosteal buttress (short white arrow). Note well-
defined saucerization of humeral shaft (black arrows) and faint mineralization of the matrix (long white arrow).

672

Radiology: \olume 246: Number 3—March 2008



Radiology

REVIEW FOR RESIDENTS: Radiography of Bone Tumors and Tumorlike Conditions

Miller

ries of lytic expansile and “soap bubble”
lesions (Table 7).

A process that starts on the outer
surface of the cortex, either in the peri-
osteum or adjacent soft tissue, may
erode the outer surface of the cortex;
this process is called saucerization. If
the tumor is not mineralized, sauceriza-
tion may be the only radiographic indi-
cation of its presence. Sometimes the
periosteum will react at the site adja-
cent to the saucerization, giving a but-
tressed appearance but not necessarily
indicating the benign or malignant na-
ture of the lesion (Fig 15). The but-
tressed appearance may also occur
when a slowly growing intramedullary
process becomes more aggressive and
breaks through (ie, interrupts) an area
of solid periosteal reaction.

Soft-Tissue Component

The presence of a soft-tissue compo-
nent with a bone lesion suggests a ma-
lignant process. The tumor may have
frankly destroyed the cortex as it ex-
panded, or it may have permeated
through the haversian canals of the
cortex to reach the surrounding tis-
sue. The soft-tissue component may
displace adjacent fat planes (Fig 16).
Tumors that often have a soft-tissue
component are osteosarcoma, Ewing
sarcoma, and lymphoma (25-27).

Advanced Imaging

While radiographs are often sufficient
to enable a diagnosis, advanced imaging
is sometimes needed. MR images and
CT scans may provide additional infor-
mation by virtue of their tomographic
nature, multiplanar capability, and bet-
ter soft-tissue contrast than radio-
graphs. CT is useful for evaluating sub-
tle mineralization in a lytic lesion, for
demonstrating radiographically occult
bone destruction (16-18), or for dem-
onstrating the lucent nidus of an osteoid
osteoma amid a large area of reactive
sclerosis (28). MR imaging has become
the standard for evaluating the local ex-
tent of a malignant process for the pur-
poses of staging (29,30) and assessing
tumor response to chemotherapy (31-

33). However, it must be stressed that
CT and MR images should only be inter-
preted with concurrent radiographic
correlation.

Despite the availability of advanced imaging
methods such as CT and MR imaging, with
their ever increasing number of detectors
and strength of the magnetic field, the diag-
nosis of a tumor or tumorlike lesion of bone
still depends on the conventional radio-
graph. By paying attention to the age of the
patient, the location of the lesion, and the
radiographic features of the lesion, the in-
terpreter will be led to a short differential, if
not the single correct, diagnosis.

Acknowledgment: I thank Robert Villani, MD,
one of my former residents, for his excellent
adaptations of the original drawings.
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