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of Bone1

A surface lesion of bone may arise within the cortex, between the cortex and the
periosteum, within the periosteum, or in the tissues immediately adjacent to the
periosteum including tendinous and ligamentous attachments. While these lesions

generally reflect the spectrum of more common intramedullary lesions and have an
appearance similar to that of their intramedullary counterparts, their unusual sur-
face origin often renders diagnosis difficult. Surface sarcomas are usually of a lower

grade than that of the intramedullary tumor, and often they have a more favorable

prognosis. Traumatic lesions of the bone surface are common and should be con-
sidered in the differential diagnosis of a surface lesion, especially in the young or
athletic individual. An elevated peripheral white blood cell count and erythrocyte
sedimentation rate may herald an infection of the bone surface.

A surface lesion of bone refers to an entity that arises within or on a portion of the bone

that is external to the medullary cavity. This includes tissues from the inner surface of
the cortex to those external to the periosteum. Such lesions may be of neoplastic, trau-
matic, or infectious origin. This article discusses the imaging features of various surface
lesions of bone, emphasizing techniques that assist in lesion characterization and man-

agement.
While some surface lesions have a classic appearance at imaging, many are nonspe-

cific. Correlation with clinical information including history (presence, duration, and

pattern of pain) and laboratory values (peripheral white blood cell count and erythro-
cyte sedimentation rate) are often key to the appropriate diagnosis. As with intramedul-
lary tumors, differentiation between a benign lesion and its low-grade, malignant coun-

terpart is generally impossible with imaging alone, and biopsy is essential to establish a

diagnosis and to direct management.
While the discussion is intended to be broad, it is not all inclusive. Extremely rare

surface lesions have been intentionally omitted. Discussion of generalized periosteal ab-
normalities arising from systemic or metabolic disorders is beyond the scope of this ar-

tide.

TERMINOLOGY

Surface lesions are designated according to the location of origin within or on the surface
of a bone. This terminology can be confusing or invalid, as the exact site of origin may
not be evident either radiographically or histologically. For this reason, descriptive terms

are often intentionally vague.

The bone surface includes three distinct regions: the cortex, the periosteum, and the
fibrous tissues immediately superficial to the periosteum. An endosteal lesion is one that

originates within the inner cortex of the bone, adjacent to the medullary cavity. An
intracortical lesion is centered within the cortex. A subperiosteal process begins immedi-

ately beneath the periosteum (between the cortex and periosteum), and a periosteal le-
sion originates within the periosteum. The terms parosteal and juxtacortical are synony-
mous. These more general descriptors refer to the fibroblastic tissues external to the cortex,
including the periosteum and adjacent ligaments, tendons, and fascia. Many authors

further interchange the terms parosteal and juxtacortical with periosteal. A periosteal on-
gin is probably best considered a separate entity. This is especially true in the case of

parosteal and peniosteal osteosarcoma, as these two tumors represent histologically dis-
tinct processes. When the site of origin of a lesion within the surface of a bone cannot be
determined or is variable, the term paracortical is appropriate. This includes all tissues

from the endosteum to the peniosteum.



Figure 1. Osteoid osteoma. (a) Anteropostenior radiograph of the femur shows fusiform, benign-appearing cortical thickening of the lateral
aspect of the proximal femoral shaft (arrow). A nidus is not evident. (b) Thin-section (3-mm) computed tomographic (CT) image. The intracortical

nidus is evident posterolaterally, at approximately the 7-o’clock position (arrow). (c) Measurements for intraoperative planning. The level of the
nidus is located on the scout image. A measurement is made from the top of the greater trochanter (a surgically palpable landmark) to the level
of the nidus. In this case, the distance measures 15.3 cm.

Figure 2. Parosteal Ewing sarcoma. (a) Lateral and anteropostenior radiographs of the femoral shaft reveal cortical thickening, which is associ-

ated with surface scalloping and irregular perpendicular spicules of periosteal new bone. (b) Coronal TI-weighted magnetic resonance (MR)
image (spin echo ISEI; repetition time msec/echo time msec, 500/20) shows the lesion (arrows) to arise on the surface of the medial cortex. The
underlying medullary cavity is normal. (c) Contrast material-enhanced CT image. The findings confirm the absence of medullary involvement.

The soft-tissue mass, however, is much better appreciated on the MR image.
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ORIGIN

A primary surface lesion of bone may arise

from any of the mesenchymal elements

that normally reside there, or it may be

the product of the plunipotential cells of

the parosteal tissues. Thus, a surface lesion

may contain osteoid, cartilage, fibrous tis-

sue, fat, or blood vessels. Secondary sun-

face lesions refer to paracortical metastatic

disease and will have a cell type that re-

flects that of the primary tumor.

As with primary intramedullary bone

tumors, benign neoplastic surface lesions

have malignant (sarcomatous) counter-

parts. Surface sarcomas generally have a

more favorable prognosis than a histobogi-

cally identical intramedullary lesion.

Traumatic surface lesions may be com-

posed of the same tissue types as true neo-

plasma. These masses often contain ana-

plastic cells and a relatively high number

of mitotic figures, which renders histo-

logic differentiation from malignancy
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Figure 3. Parosteal chondrosarcoma. (a) An-

teroposterior radiograph of the humerus re-

veals a large soft-tissue mass associated with
the midshaft to proximal shaft. Extensive
matrix mineralization is present, including

circular calcifications that indicate a cartilage

component. (b) CT image shows the lesion to
arrive from the posterior cortex of the humeral

shaft. ‘Ihere is no medullary involvement. The
tumor is of lower attenuation than the sur-
rounding muscles, suggesting a chondroid on-

gin.

challenging even to the experienced pa-

thobogist. A thorough clinical history and

correlation with imaging are often nec-

essary in establishing a benign traumatic

origin.

Infections of the bone surface may re-

suIt from contiguous spread from the

medullary cavity, direct inoculation, or

hematogenous spread.

Imaging evaluation of a bone lesion

should begin with plain radiography in

at least two perpendicular planes. This

will usually be sufficient to determine if

a lesion originates in the soft tissues,

within the medullary cavity, or on the

surface of the bone. Occasionally, oblique

views (under fluoroscopic guidance as

needed) may assist in confirming a sur-

face origin.

Once a lesion is detected, further

evaluation will be guided by the working

differential diagnosis. Careful radio-

graphic analysis should determine if a

lesion is likely benign and slow growing

or aggressive. The nature of peniosteal

new bone must be scrutinized. Uniform,

uninterrupted, uni- or multilaminar pe-

niosteal new bone is a fairly reliable mdi-

though the Codman triangle is �,

associated with malignancy, this feature

may also be seen with a number of ag-

gressive benign conditions.

Plain radiographic evaluation should

also be used to assess the margins and

internal composition of the lesion. Well-

defined margins suggest benignity, while

permeative margins indicate an aggres-

sive process. One should decide if the le-

sion is purely lytic or if there is matrix

mineralization. Cartilage matrix miner-

alization usually appears as well-defined,

punctate opacities that often form circles

on incomplete rings (Fig 3a). Osteoid mm-

eralization is more amorphous and

cloudlike (Fig 4).

If the lesion appears benign radio-

graphically and surgical intervention is

not contemplated, no further imaging is

needed. This would be the case in, for

example, a stress fracture in which be-

nign-appeaning peniosteal new bone is



Figure 6. Osteoma of long bone. (a) Posteroantenior radiograph of the midforearm shows a
dense lesion (arrows) involving the cortex of the ulna. (b) Axial CT image. The lesion (arrows)
is of uniform attenuation. The medullary cavity is not involved.
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maturing and the fracture line can be seen

on the radiographs (Fig 5). If the origin of

the abnormality is unclear radiographi-

cally, cross-sectional imaging can assist in

characterizing the origin, location, and

extent of the lesion. In general, CT is pre-

ferred for this purpose because it has a

superior ability to depict focal areas of

osteolysis or matrix mineralization and

subtle cortical abnormalities. CT should

be performed with a bone algorithm and

a field of view as small as possible to per-

mit visualization of the entire lesion.

Thin-section imaging should be used for

small lesions.

MR imaging is usually superior to CT

for demonstrating any associated soft-tis-

sue mass (Fig 2b, 2c) and is therefore use-

ful for preoperative planning once a diag-

nosis is established. Imaging with a surface

coil is usually desirable for enhanced reso-

lution.

Radionuclide bone scanning is useful

primarily for excluding multifocal bone

involvement. Bone scanning may also be

useful for gauging the metabolic activity

of a lesion that is thought to be benign;

normal tracer accumulation indicates that

a radiographicably benign-appearing le-

sion can be followed clinically. Routine

use of radionuclide imaging is not mdi-

cated and usually will not narrow the dif-

ferential diagnosis.

Ultrasound (US) may be useful for

documenting the fluid nature of such le-

sions as parosteal abscess or ganglion, but

generally it cannot be used to establish a

diagnosis.

BONE-FORMING TUMORS

Benign bone-forming lesions that may

arise in or on the surface of a bone include

osteoma, osteoid osteoma, and osteoblas-

toma. Their malignant counterparts are

variations of the surface osteosarcoma,

including parosteal, peniosteal, and high-

grade surface osteosarcoma. For diagnos-

tic purposes, plain radiography may suf-

fice for the imaging evaluation of a

bone-forming neoplasia if matrix miner-

alization is evident. In cases in which ad-

ditional characterization is needed, CT is

generally superior to MR imaging. CT will

best define thin lines of sclerosis surround-

ing a lesion, subtle cortical defects or ero-

sion, and intralesional mineralization.

Osteoma

Osteomas most frequently occur in the

craniofacial bones and the mandible.

While multifocal osteomas may be seen

in Gardner syndrome (1), a solitary lesion

does not indicate an underlying general-

ized disorder. Solitary appendicular osteo-

mas are rare.

The osteoma is a juxtacortical lesion.

It may be distinguished from the in-

tramedullary bone island (enostosis) not

only on the basis of location but also on

the basis of histologic characteristics. A

bone island is composed of compact

lamellar bone and contains Haversian

systems. An osteoma is usually a mixture

of lamellar and woven bone, with or with-

out Haversian systems (2). When an os-

teoma is composed primarily of compact

bone, it will appear radiographically as a

contour deformity of the cortex that

blends with the surrounding cortical

bone (Fig 6). When composed primarily

of trabecular bone and marrow, the in-

terface between the osteoma and adjacent

bone will be more distinct. Once the le-

sion is detected radiographically, CT is

useful for confirming the homogeneous

attenuation of the lesion and a location

that is confined to the bone cortex (3).

Differentiation of an osteoma from a

parosteal osteosarcoma can be difficult

both radiographically and histologically,

and detailed tissue analysis is needed in

all cases. The diagnosis of a parosteal os-

teosarcoma is suggested by the presence

of spindle cell proliferation on a biopsy

sample (4), but this finding may be

missed if the sample is relatively small.

Consequently, some authors recommend

surgical excision with wide margins to

allow complete histologic evaluation (5).

Others, however, believe that it is safe to

follow suspected osteomas of long bones

clinically and radiographically if the di-

agnosis of osteoma is made on the basis

of findings from the initial biopsy (3).

Osteoid Osteoma

Although some investigators have sug-

gested that osteoid osteoma is a posttrau-

matic (6) or inflammatory (7) process,

most authors now think that this lesion

represents benign neoplasia (8). Surface

osteoid osteomas may arise either within

the cortex (including the endosteal sun-

face) or in a subpeniosteal or intra-

peniosteal location. The patient generally

complains of intense pain that is most

severe at night. Pain relief can usually be

achieved with nonsteroidal anti-inflam-

matory medications. Very rare conditions

of multicentnic (9) or multifocal (10) os-

teoid osteoma have been described.

The lesion itself (the nidus) is round

to oval and usually measures less than 1

cm in diameter. The nidus of the osteoid

osteoma is usually a radiolucent focus but

may be calcified to a varying degree.

When sclerotic, the nidus is surrounded

by a thin rim of radiolucency represent-

ing a peripheral fibrovascular zone (Fig

lb)(11).

The cortical osteoid osteoma is the

most common. When the lesion occurs

in the diaphysis or metaphysis of a bone,

it is surrounded by uninterrupted, fusi-

form, benign-appearing reactive sclerosis

that represents both cortical and pen-

osteal reaction (Fig la) (12). Lesions at the

end of a bone may appear lytic with little



Volume 206 #{149}Number 1 Surface Lesions of Bone #{149}21

or no surrounding sclerosis (13). This is

due to the inability of intracapsular pen-

osteum to produce proliferative, sclerotic

new bone (8,14).

Plain radiographs are diagnostic of os-

teoid osteoma if the nidus can be identi-

fied. When the nidus cannot be seen on

radiographs, the differential diagnosis in-

cludes other lesions that can be associ-

ated with intense, benign-appearing new

bone formation, including stress fracture,

eosinophilic granuloma, and infection.

Radionuclide imaging and MR imaging

generally do not assist in differentiating

these processes; all will be associated with

intense tracer uptake on the bone scan,

and all will usually show surrounding

marrow and soft-tissue edema at MR im-

aging (15). In addition, the nidus may

easily be overlooked with MR imaging

(16,17). Thin-section CT is best suited to

depict the nidus (Fig ib).

The scout CT image should include the

entire bone in question, and thin-section

cuts should be restricted to the area of

sclerosis. The report should identify the

location of the lesion around the cincum-

fenence of the bone, as on the face of a

clock. Measurements made on the scout

image from the center of the nidus to

palpable surgical landmarks (Fig ic) are

of great assistance to the surgeon and

ensure targeted excision of the nidus that

preserves the surrounding reactive bone.

Because the nidus is typically small,

surgical localization of the lesion can be

challenging. Intraoperative localization

with bone scintigraphy has been used in

the past (18), but this method can be

cumbersome in the operating room. Pre-

operative CT-guided placement of a wine
within the nidus has also been suggested

(19), as has CT-guided boring of the over-

lying cortex with a needle dipped in me-

thylene blue (20). These procedures are

not necessary if accurate preoperative CT

measurements are made.

Treatment of osteoid osteoma is nap-

idly evolving and controversial. The pain

can be controlled with anti-inflammatory

medication in most individuals, and reso-

lution of symptoms and the nidus has

been documented (21). Some authors,

therefore, advocate long-term medical

treatment until symptoms remit. For pa-

tients who cannot tolerate long-term

anti-inflammatory treatment, the nidus

should be excised. While this has tradi-

tionalby been done in the operating room

at open excision, several reports have

demonstrated successful ablation of the

nidus by using CT-guided percutaneous

drilling and/or excision (22-24). More

recently, percutaneous radio-frequency

ablation of osteoid osteomas has been

reported (25).

Paracortical Osteoblastoma

Osteoblastoma is differentiated from

osteoid osteoma on the basis of the tu-

mon size (larger than 2 cm) and a lack of

response to nonsteroidal anti-inflamma-

tory medications. Some authors argue that

there are also subtle histologic differences

between these two lesions (26). Although

osteoblastomas are usually intramedullary

lesions, an intracortical location is not

uncommon. In one report of 98 cases of

osteoblastoma, 42% were thought to arise

in the cortex (27). Because of their large

size and frequent location on the spine,

osteoblastomas are more likely to be as-

sociated with neunologic symptoms than

are osteoid osteomas (28). Multiple osteo-

blastoma-like lesions in one lower extrem-

ity have been reported, representing both

intramedullany and intracontical lesions

(29).

The surface osteoblastoma appears

similar to its mntramedullary counterpart.

The lesion is round to oval in shape, well

defined, and usually surrounded by a thin

sclerotic rim. It may be radiolucent or may

contain matrix mineralization. CT is the

preferred modality for cross-sectional

evaluation, as it will show the border and

lesion mineralization. MR imaging find-

ings can be confusing, especially in cases

of so-called aggressive osteoblastoma.

These lesions are associated with intense

bone and soft-tissue edema that may

mask the tumor or cause gross overesti-

mation of the size of the lesion (30).

Surface Osteosarcoma

Surface osteosarcomas have conven-

tionally been divided into three subtypes:

panosteal, peniosteal, and high-grade sun-

face (31). A fourth variety, the cortical os-

teosarcoma, has also been well described

(32,33). Distinction into these categories

addresses the prognosis and affects treat-

ment. Classification is possible with care-

ful histologic analysis.

The parosteal osteosarcoma (Fig 4) is

the most common of the surface osteo-

sarcomas. The lesion is usually metaphy-

seal and frequently located along the pos-

tenor aspect of the distal femoral shaft,

and it should not be confused with an Os-

teochondroma. The tumor is usually

densely mineralized, in either an amor-

phous, uniform, striated, or bobulated

fashion (34). When large, the tumor may

encircle the bone. The importance of in.

tramedullary involvement by parosteal

osteosarcoma is debated. Some authors

believe that this finding is associated with

a poorer outcome (31), while others be-

lieve that medullary invasion is not a

prognostic indicator (34,35). Although

the tumor is usually low grade, differen-

tiation to a high-grade sarcoma is not

uncommon and is associated with an in-

creased incidence of metastatic disease

and a poorer outcome (36).

Peniosteal osteosarcoma is fan less com-

mon than the panosteal variety. The prog-

nosis for the peniosteal osteosarcoma is

worse than that for the parosteal tumor

but better than for the high-grade surface

osteosarcoma. The peniosteal osteosan-

coma is often diaphyseal and frequently

found on the tibia. Some authors think

that a femoral location is associated with

a less favorable outcome than a tibial le-

sion, perhaps because the tumor is not

discovered until it has reached a larger

size (37). Femoral peniosteal osteosarcoma

is usually located in the anterior, lateral,

or medial portion of the bone. Regard-

less of location, the underlying cortex

may be thickened, and spicules of per-

pendicular bone may radiate into the

adjacent soft-tissue mass (31). Histologi-

cally, the tumor is chondroblastic and

usually of moderate grade.

As implied in the name, the high-

grade surface osteosarcoma carries a prog-

nosis less favorable than the parosteal or

peniosteal surface lesions. Histologically,

the lesion is identical to the conventional

high-grade mntramedullary lesion. Radio-

graphically, the tumor is broad based and

abuts the adjacent cortex (31). The mass

may be lightly on heavily mineralized.

The intracortical osteosancoma is also

a high-grade lesion and thus histologi-

cally similar to the conventional in-

tramedullary osteosarcoma. Whereas the

high-grade surface variety arises supenfi-

cial to the cortex of the bone, the intra-

cortical lesion arises within the cortex.

While most reported cases have been con-

fined within the cortex, a large soft-tis-

sue mass may be present (33).

CARTILAGE-FORMING TUMORS

Cartilaginous surface lesions represent

either an extension of a lesion contigu-

ous with the medullary cavity or the

counterpart of a more common, histo-

logically identical on similar intramedul-

lary lesion. At both MR imaging and CT,

cartilaginous lesions often have a lobu-

lated appearance that will assist in deter-

mining the tissue of origin. CT is usually

preferred, as classic cartilage mineraliza-



a. b.

Figure 7. Osteochondroma. (a) Axial Ti-weighted MR image (SE 700/1 1). (b) CT image. Both
the MR and the CT images show that the lesion is contiguous with the medullary cavity of the

proximal femur and contains normal-appearing trabeculae and fat. The cartilage cap is very

thin and difficult to see with either modality.

Figure 8. Secondary chondrosarcoma arising in osteochondroma. (a) Axial T2-weighted MR
image (SE 1,800/70). (b) CT image obtained with soft-tissue window. Both the MR and the CT

images demonstrate the destruction of the medial aspect of the iliac wing (arrows). The lobu-

lated nature of the mass suggests a chondroid origin. The relative low attenuation of the mass
and the calcifications on the CT scan are typical of a cartilage lesion.
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tion will be overlooked on MR images.

Lesion attenuation lower than that of

muscle on CT scans is also a clue to a car-

tilagmnous lesion.

Osteochondroma

The solitary osteochondroma is a rela-

tively common benign lesion. Although

several theories about its origin have been

proposed, some authors believe that the

lesion is a result of a defect in the pen-

osteal bone surrounding the epiphyseal

plate in conjunction with separation of a

piece of the physeal cartilage (38). With

skeletal growth, the lesion is transported

along the length of the bone until it

reaches a metaphyseal on diaphyseal lo-

cation. The younger the patient, the

closer the lesion will be to the growth

plate. The lesion generally ceases to grow

at the time of skeletal maturity. The os-

teochondroma has classic imaging fea-

tunes, including continuity of the man-

now and cortex of the lesion with that of

the parent bone (Fig 7). It may have ei-

then a broad sessile base on a peduncu-

lated stalk.

The osteochondroma can usually be

diagnosed with plain radiography alone.

If the lesion is asymptomatic, it can be

followed radiographically and clinically

until cessation of growth. A benign os-

teochondroma may become painful for

a number of reasons, including fracture

through the stalk, development of an

overlying bursa, on compression of adja-

cent neunovascular structures. If an osteo-

chondroma suddenly becomes painful

on grows after skeletal maturity, malig-

nant transformation to chondrosarcoma

should be suspected. The sancomatous le-

sion arises in the chondroid cells of the

cap, and a cartilage cap more than 2-3

cm thick is an indication of possible ma-

lignancy (Fig 8). This feature is easily

demonstrated with cross-sectional imag-

ing. With MR imaging, the cap will have

low signal intensity on Ti-weighted im-

ages and high signal intensity on T2-

weighted images. Although secondary

chondrosarcomas are usually low grade

and can be treated with wide resection

alone, dediffenentiation into a higher

grade sarcoma (osteosarcoma on fibrosar-

coma) can occur (39,40).

Juxtacortical (Periosteal)

Chondroma

The juxtacontical chondroma repre-

sents the surface variant of an enchon-

droma. This is a lesion of children and

young adults. The long bones are com-

monly affected, and there is a peculiar

propensity for the lesion to be located in

the proximal humerus (Fig 9) (41). Some

authors have implicated a traumatic on-

gin (42). There are no reports of malig-

nant transformation of a parosteal chon-

droma (43).

As with the enchondroma, the surface

chondroma may be purely lytic on may

show internal chondroid mineralization.

The adjacent cortex may be normal,

smoothly saucenized and sclerotic, on fo-

cally destroyed. If associated with a sub-

stantial soft-tissue extension, a thin shell

of peniosteal new bone may surround the

exterior of the lesion (44). When multiple

lesions are present, consideration should

be given to the diagnosis of Olbier dis-

ease.

Paracortical Chondromyxoid

Fibroma

Chondromyxoid fibroma is the least

common of the benign tumors of chon-

dnoid origin. The surface variety is dis-

tmnctly rare; to our knowledge, only 10

cases have been reported in the English-

language literature (45). Both the medul-

lary and cortical chondromyxoid fibro-

mas usually involve the metaphysis of a

long bone. The lesion generally appears

on radiographs as a well-defined radiolu-

cent focus that is either round or oval.
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Figure 9. Juxtacortical chondroma. Anteno-
posterior radiograph of the proximal humerus
shows benign-appearing cortical thickening
with a central elongated radiolucency (arrow).

Typical chondroid mineralization is usu-

ally lacking (46), which renders the diag-

nosis difficult on the basis of imaging

findings alone. Histologically, the lesion

is multinodular and composed of a mix-

tune of chondroid, myxoid, and fibrous

tissue. Focal hypercellulanity and unusual

cytoplasmic and nuclear shapes may lead

to an erroneous diagnosis of chondrosar-

coma (47).

Bizarre Parosteal

Osteochondromatous Proliferation

This rare entity, also know as a Nona

lesion, usually manifests as a painless

mass. The origin is debated. Some believe

that the lesion is posttraumatic (48),

while others favor a neoplastic origin on

the basis of frequent recurrence follow-

ing resection (49). Bizarre parosteal

osteochondromatous proliferation is

most commonly found along the small

bones of the hands and feet, but it has

also been reported to involve the skull

and the long bones of the upper and

lower extremities (49).

Early on, the lesion appears as an im-

mature mass of mineralization within the

soft tissues with no clear osseous attach-

ment (49). When mature, the lesion is

adherent to the adjacent bone with a pe-

dunculated or sessile base. Radiognaphi-

cally, it may simulate an osteochon-

droma. This diagnosis can be excluded by

the lack of marrow and cortical continu-

ity with the underlying bone.

Parosteal Chondrosarcoma

The parosteal chondrosancoma is a

controversial lesion. Differentiation of

panosteal chondrosarcoma from the more

common peniosteal osteosarcoma is de-

bated (50-53). Some believe that these

two lesions may coexist (54), rendering

classification into a distinct category dif-

ficult. Just as the origin of the lesion is

poorly understood, the radiographic ap-

pearance is variable. The tumor may be

metaphyseal to diaphyseal, and round to

lobulated. It may or may not contain

intralesional mineralization (Fig 3). The

underlying cortex may be essentially nor-

mal, thickened, or eroded and saucenized.

In contradistinction to peniosteal os-

teosarcoma, perpendicular or radial pen-

osteal new bone formation is lacking.

Lymph node metastasis has been re-

ported, and the tumor may be present for

many years prior to diagnosis (50).

Plain radiographs will generally be

unrewarding when the underlying cortex

is normal and the tumor is not mineral-

ized. Either MR on CT will display the soft-

tissue mass and confirm the lack of med-

ullary involvement. CT is preferred for

the demonstration of intralesional mm-

eralization.

HBROUS TUMORS

Benign fibrous lesions of the bone sun-

face are common, but their malignant

counterparts are extremely rare. Lacking

mineralization, these lesions will appear

as radiolucent defects on plain radio-

graphs. The role of cross-sectional imag-

ing is generally to define the extent of a

known lesion. Early reports suggested

that fibrous lesions showed a typical ap-

pearance of low signal intensity on T2-

weighted MR images (55). Unfortunately,

many fibrous lesions with a classic radio-

graphic appearance have a variable MR

appearance (56).

Fibrous Cortical Defect and
Nonossifying Fibroma

The fibrous cortical defect represents

a benign intracontical on rarely juxtacor-

tical focus of fibrous tissue. These lesions

are extremely common; Caffey (57) has

determined that up to 36% of children

will develop one on more of these lesions.

The radiographic appearance of a fibrous

cortical defect is classic. The lesion begins

in a metaphyseal location but may extend

into the diaphysis with skeletal growth.

It usually begins as an oblong nadiolucent

focus. With time, a well-defined border

of sclerosis will develop. In most in-

stances, the lesion will regress, filling in

with bone from the periphery to the cen-

ten. Eventually, the lesion cannot be seen

radiographically.

While this is the usual course of

events, a fibrous cortical defect may con-

tinue to grow and involve the medullary

portion of the bone. Once this has oc-

curred, the lesion is termed a non-

ossifying fibroma (fibroxanthoma) (Fig

10). On radiographs, this lesion is nadi-

olucent and multiloculated and has a

well-defined sclerotic border. The term

nonossifying fibroma is actually a mis-

nomer, as the lesion will eventually os-

sify and regress in a manner similar to

the typical fibrous cortical defect (Fig 1 1).

If the lesion has become large, benign-

appearing bone expansion may persist

into adult life even after the lesion itself

has involuted. The condition of multiple

nonossifying fibromas in conjunction

with caf#{233}-au-lait spots of varying size and

configuration has been termed Jaffe-

Campanacci syndrome (58).

The need for further imaging evalua-

tion and treatment of a nonossifying fi-

broma will be determined on the basis of

the size and location of the lesion. When

the lesion is an incidental finding and

relatively small, no further imaging is

warranted as long as the patient remains

asymptomatic. Some would advocate se-

nial radiographic assessment to ensure

that the lesion does not grow. If a lesion

with a typical radiographic appearance of

fibrous cortical defect or nonossifying fi-

broma becomes painful, it has probably

undergone microfracture that may not be

radiographically evident. These lesions

should be treated with curettage and bone

grafting. Large nonossifying fibromas at

risk of pathologic fracture should be

curetted and packed with bone graft.

When surgical intervention is planned,

CT is warranted to define the extent of

mntramedullary involvement and assist in

determining the surgical approach.

Juxtacortical Desmoplastic
Fibroma (Desmoid Tumor)

Also known as aggressive fibromato-

sis, this low-grade neoplastic lesion has

histologic features that are mndistinguish-

able from those of intramedullary or soft-

tissue desmoid tumors. This true desmoid

tumor is to be distinguished from the

cortical irregularity syndrome of the dis-



Figure 10. Nonossifying fibroma. (a) Lateral radiograph of the knee shows a 3.5-cm-long
lesion involving the posterior femur. The lesion is well circumscribed and has a sclerotic mar-
gin. (b) Axial CT image. The lesion has breached the cortex. This is not an unusual finding and

should not raise the suspicion of malignancy. (c) Coronal Ti-weighted MR image (SE 500/30).
(d) Axial T2-weighted MR image (SE 2,000/80). As would be expected for a bland fibrous lesion,

this nonossifying fibroma has low signal intensity on both TI- and T2-weighted images. The

cortical destruction seen on the CT scan is not evident on the MR images.

Figure 11. Involuting nonossifying fibroma.
Radiograph shows a sclerotic lesion is present
in the lateral aspect of the distal femur (an-

rows). This is associated with very subtle ex-

pansion of the distal shaft. The residual lu-

cency appears slightly lobulated and has well-

defined sclerotic bonders.
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tab femur (see below), which is of a trau-

matic origin. Histologically, diffenentia-

tion of a surface desmoid from the ex-

tremely rare surface fibrosarcoma may be

difficult.

When a desmoid tumor originates on

on near the surface of a bone, it can ex-

tend into the soft tissues (Fig i2) and in-

vade the adjacent bone causing erosion

and saucenization. The presence of pen-

osteal new bone formation usually implies

the presence of a fracture (59).

Desmoplastic fibroma requires surgical

intervention. Because the neoplasm is low

grade, amputation or radical resection is

not needed. Adequate surgical margins

should, however, be obtained, as the risk

for recurrent disease is high with mad-

equate excision (60). When adequate

margins cannot be obtained, postopena-

tive radiation therapy is probably mdi-

cated. Because the tumor may be associ-

ated with a substantial soft-tissue mass,

MR imaging may be preferable for preop-

erative planning. Either MR or CT will

adequately show the bone involvement.

Osteofibrous Dysplasia

Osteofibrous dysplasia (extragnathic

ossifying fibroma) is a lesion of childhood

that most commonly begins in the ante-

non cortex of the middle or distal third of

the tibial diaphysis. The lesion may also

be found in the fibula on in both bones

simultaneously. The patient usually pre-

sents with local pain and/or swelling, on

pathologic fracture. Radiognaphically,

smooth or lobulated cortical expansion is

seen (Fig 13), and the bone is often bowed

anteriorly. The relatively nadiolucent le-

sion is often surrounded by bone sclero-

sis (61).

The disease course of osteofibrous dys-

plasma is variable. Some lesions remain

small and eventually regress, while oth-

ens may lead to bowing of the bone on

pathologic fracture. Treatment is quite

controversial. Some authors have necom-

mended that the lesion be resected en

block and grafted. The experience of oth-

ens suggests that a small and uncompli-

cated lesion is best followed clinically be-

cause the lesion will cease to grow after

skeletal maturation (62).

Even more controversial is the possible

relationship between osteofibrous dyspla-

sia and adamantinoma, an epithelioid

tumor of adulthood that may metastasize

and kill the patient. Careful analysis of

recurrent osteofibrous dysplasia may re-

veal foci of adamantinoma (63), leading

some to consider osteofibrous dysplasia a

“juvenile” form of this more aggressive

tumor. Radiographically, osteofibrous

dysplasia and adamantinoma may appear

identical (61). Although the adamanti-

noma is generally considered to represent

neoplasia, a history of trauma has been

reported in up to 62% of patients with

this lesion (64).

FATFY TUMORS

While most soft-tissue masses either are

not evident on nadiographs or show a tis-

sue density equal to that of surrounding

muscle, lesions with a high fat content

are often well depicted. Both CT and MR

imaging can demonstrate the presence of

fat in a lesion; however, CT is preferable

for documentation of any calcification

that may be present.

Parosteal Lipoma

The origin of this unusual tumor is

debated, but most believe that it arises

from the tissues immediately superficial

to the peniosteum (65). The parosteal li-
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Fmgure 12. Juxtacontical desmoplastic fi-
broma. (a) CT image shows a lesion that onigi-

nates in the cortex of the radial shaft. (b) Multi-

planar gradient-echo MR image obtained with

spectral fat saturation (400/9, 30). The soft-tis-

sue mass is well displayed. R = radius, U= ulna.

(67). The fatty component of the lesion

likely does not arise from the peniosteum

because no fat is present in this tissue (65).

All imaging modalities will show a

well-defined, homogeneous mass with

the appearance of fat that is closely asso-

ciated with the bone. Underlying cortical

bowing on saucenization may be present

(69). When a parosteal lipoma involves

the extremities where the lesion is not ob-

b.

Figure 13. Osteofibrous dysplasia. (a) Antero-

posterior radiograph of the tibia shows a lobu-

bated lesion of the proximal to midtibia shaft.

The tibia is mildly bowed, and the cortex is

expanded. (b) Axial proton-density-weighted
MR image (SE 2,000/20). The intracortical lo-
cation of the lesion is demonstrated (arrow).
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poma often manifests as a painless mass.

When found in a relatively restricted

compartment such as the forearm, the

lesion may be associated with nerve com-

pression (66).

Four appearances of parosteal lipoma

have been described (67). Rarely, the be-

sion may be totally radiolucent. Most

commonly, a pedunculated exostosis will

be evident, surrounded by a nadiolucent

(fatty) cap (Fig 14). This may appear as

subtle cortical thickening or may consist

of a relatively large bone excrescence off

the cortex (68). An osteochondromatous

sessibe lesion may also be seen, as may

patches of cartilage and bone scattered

throughout the fat. The origin of this

mineralization is debated, but it is prob-

ably the result of “modulation” or revers-

ibbe shifts of mesenchymal tissues that are

found beneath and within the penios-

teum and the overlying fibrous tissues

scured by overlying osseous structures and

soft tissue, the diagnosis is usually pos-

sible with plain radiography alone be-

cause the finding of a fatty lesion adja-

cent to bone in association with benign

bone reaction is virtually diagnostic. If

cross-sectional imaging is undertaken for

diagnostic or preoperative purposes, CT

is preferred because MR imaging may fail

to reveal subtle cortical changes (68).

VASCULAR TUMORS

Primary involvement of a bone surface by

a tumor of vascular origin is rare. Preop-

erative diagnosis is usually challenging



Figure 15. Parosteal hemangioma. Axial T2-
weighted MR image (fast SE, 4,000/114). The

lobulated, high-signal-intensity lesion (arrows)

lies on the extensor surface of the radius.

R = radius, U = ulna.

because the imaging appearance is of-

ten nonspecific.

Paracortical Hemangioma

Figure 16. Angiosarcoma. Lateral radiograph

of the femonal midshaft. Multiple lytic lesions

are present; some appear to be cortically based

(arrows), and others appear to originate in the

medullany cavity (arrowhead). Confirmation

of the location of any given lesion necessitates

a second, perpendicular projection or cross-
sectional imaging.

Figure 17. Panosteal metastasis (broncho-
genic carcinoma). Antenopostenior radiograph

of the proximal night femur shows a so-called

cookie-bite lesion of the medial proximal

femoral shaft.
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Intramedulbary hemangiomas are

common, especially in the vertebra and

the skull. In contrast, the surface he-

mangioma is quite unusual. Attempts

have been made to differentiate be-

tween lesions that arise in the cortex

and those that arise in the peniosteum;

however, it appears that overlap lesions

occur, and this distinction is often not

possible (70). The cavernous heman-

gioma is the most commonly encoun-

tered histologic type on the bone sun-

face (70), but arteniovenous, venous,

and granuloma type varieties may also

be seen. Cure can generally be achieved

with wide resection.

Radiographicalby, surface hemangio-

mas may be associated with sclerosis

and cortical thickening, cortical erosion

with or without adjacent sclerosis, or a

permeative pattern with adjacent soft-

tissue mass (70). The presence of an ap-

parent nidus on nadiographs may lead

to the erroneous diagnosis of osteoid

osteoma (71). Some authors have found

a soft-tissue mass to be an infrequent

finding (70), while others believe that

a soft-tissue mass is the rube (72). The

MR or CT appearance of the lesion may

mimic that of a soft-tissue hemangioma

(Fig 15).

Paracortical Angiosarcoma

Angiosancoma (malignant heman-

gioendothelioma) of bone may be ei-

then low grade on a highly lethal tumor.

The lesion may be solitary, or multifo-

cab involvement may be present with

several lesions extending either along a

single bone or along a limb (73). Solitary

lesions are often quite large at the time

of manifestation. When multifocal, be-

sions are often found in both medullary

and intracortical locations (Fig i6).

PAROSTEAL EWING SARCOMA

Although the cell of origin of Ewing san-

coma is debated, several studies have sug-

gested that the tumor is derived from un-

committed skeletal mesenchyme (74,75).

Conventional mntramedulbary Ewing san-

coma may appear radiographically as a

surface lesion. Prominent surface mani-

festations are often present including pe-

riosteal reaction, cortical thickening, and

cortical saucerization. The surface variety

of Ewing sarcoma may share several fea-

tunes with the mntramedullary lesion, in-

cluding peniosteab elevation and saucer-

ization of the cortex (76,77) (Fig 2).

Documentation of a surface origin is usu-

ally possible only with cross-sectional im-

aging. While either MR imaging on CT

will demonstrate the lack of medullary in-

volvement, the soft-tissue mass is usually

better appreciated with MR. In contrast

to intramedublany Ewing sarcoma, which

is often diaphyseal and high grade, the

peniosteal lesion is more often found at

the ends of long bones and seems to be

associated with a less aggressive course

(77).

SURFACE METASTASIS

Metastatic disease involving the surface

of a bone is not uncommon. Originally

thought to be specific for bronchogenic

carcinoma (78), surface metastases from

a variety of primary tumors have been re-

ported including breast, kidney, pancreas,

larynx, uterus leiomyosarcoma, neuro-

blastoma, melanoma, hepatoma, bladder,

and osteosarcoma (79,80). While most of

these surface metastases are referred to as

“cortical,” some likely originate in a sub-

peniosteal or peniosteal location (80).

Whereas medullary metastases seem to

have a predilection for the axial skeleton

and the ends of bones, surface metastatic

disease is often found in the diaphysis of

long bones, especially the femur

(79,80) (Fig 17).



Figure 19. Stress fracture. Coronal Ti-
weighted MR image (SE 450/15). The fracture

line is evident as a low-signal-intensity line

(arrow) that is surrounded by low-signal-in-

tensity edema.

TRAUMA
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Figure 18. Stress fracture. (a) Anteropostenion

radiograph of the femur shows multi-

laminated, thick peniosteal new bone (arrows)

along the medial shaft. (b) CT image demon-

stnates the fracture line (arrow).

In one series in which cortical meta-

static disease was studied, the bone lesion

was the first indication of a previously

undiagnosed primary malignancy in 73%

of cases studied (79). This high prevalence

likely reflects the study population, de-

nived from a tumor registry that received

referrals for difficult cases. Another review

of radionuclide bone scans and correlative

plain radiognaphs of 1,237 patients found

a 2% prevalence of surface metastases (80).

The cortical lesion was the only metastatic

focus in eight of these patients.

The appearance of a surface metasta-

sis is variable. Whereas some lesions are

smoothly margmnated, others have irregu-

lan, ill-defined bonders. The lesion may

be entirely intracontical or may extend

into either the adjacent soft tissues or the

medullary cavity. Because the appearance

is so variable, a solitary painful surface

tumor in an adult should undergo biopsy

for histologic analysis.

In distinct contrast to the plain radio-

graphic identification of a fracture follow-

ing a single episode of appropriate

trauma, imaging manifestations of oven-

use conditions affecting bone may be

confusing. The patient will often deny a

history of substantial trauma, and, espe-

cially in childhood, a traumatic episode

may be forgotten on overlooked.

The terminology used to reflect trau-

matic lesions to the bone surface is con-

fusing, likely because the radiographic

and histologic appearances will vary

greatly depending on the time between

the traumatic episode or the onset of pain

and imaging or biopsy.

Stress Reaction or Stress Fracture

Although the terminology is debated,

many consider isolated peniostitis and/or

edema to represent a stress reaction (stress

response), while the presence of a frac-

tune line indicates a true stress fracture.

In reality, these two conditions represent

a continuum. This arbitrary nomencla-

ture may, however, assist in treatment

planning, because more severe activity

limitations may be indicated for the in-

dividual with an actual fracture line.

When plain radiographs fail to reveal a

fracture, the search for a cortical infrac-
tion may be accomplished with either CT

(Fig i8) or MR imaging (Fig 19), although

MR is probably superior if the fracture

line is small and oriented in an axial

plane. Thin-section imaging should be

employed with either modality.

Radiographically, immature peniosteal

new bone may be multilaminar, but it

should be uninterrupted. In the setting

of an appropriate history and a reliable

patient who will return for follow-up,

suspected fractures can be followed clini-

cally and radiographically to resolution.

With time, the new bone will mature to

become thick and unibaminan, eventually

incorporating into the underlying cortex

(Fig 20). If symptoms persist following

cessation of the inciting activity or if

maturation cannot be documented radio-

graphically, additional imaging is war-

ranted.

Subperiosteal Hematoma or
Periostitis Ossificans

The early phase of a traumatic lesion

that results in callus formation and is not

associated with a fracture may represent

a subpeniosteal hematoma. Radiographs

will reveal smooth elevation of the pen-

osteum, and the outer cortex may be

saucerized. With further maturation, pe-

niosteab ossification will be seen radio-

graphically, and the lesion is considered

a “subpeniosteal ossifying hematoma”

(81) or “periostitis ossificans.” Histologi-

cabby, the lesion may be described as a

“giant cell reparative granuboma,” show-

ing giant cells, histiocytes, granulation

tissue, neovasculanity, reactive osteoid,

and fibrosis (82). With full maturation

and healing, the term “subpeniosteal os-

sified hematoma” is appropriate. A simi-

lan condition occurring in a parosteal lo-

cation may be referred to as either

peniostitis ossificans or myositis ossificans

(Fig 21), as the exact site of origin may

be impossible to ascertain pathologically.

The acute to subacute phase of this

traumatic lesion involving a phalanx of

the hand on foot is cabled “florid reactive

peniostitis” (83). Although a history of

trauma cannot always be elicited (84),

most authors believe that the lesion re-

sults from trauma induced by the sun-
rounding soft tissues. Radiographicalby,

florid reactive peniostitis may appear as

either a small, focal, oval to pedunculated



a.
Figure 21. Peniostitis ossificans (juxtacortical). (a) CT image reveals extensive, mature ossification immediately adjacent to the cortex of the

radius. (b) Sagittal Ti-weighted MR image through the radius (SE 600/i8). R = radius, arrows surround mass. (c) Axial T2-weighted MR image (SE

2,400/80). The combination of the Ti- and T2-weighted image shows that the lesion contains a large amount of fat but fails to reveal the mature

ossification, the key to the diagnosis. R = radius, U = ulna.

Figure 20. Maturing traumatic periostitis.(a) Anteroposterior radiograph of the femoral shaft

shows thick, uninterrupted, unilaminar peniosteal new bone (arrows). (b) Anteropostenior ra-

diograph obtained 2#{189}months later. The periosteal bone (arrows) has matured and is incorpo-

rated into the underlying cortex. The patient’s symptoms had resolved.

28 #{149}Radiology #{149}January 1998 Seeger et al

mass or as exuberant, circumferential,

periosteal new bone. The underlying con-

tex may be mildly saucenized or may ap-

pear normal.

In the setting of an appropriate his-

tory of trauma, periostitis ossificans can

be followed clinically and radiographi-

cally to confirm maturation. If cross-sec-

tional imaging is undertaken, CT is pre-

ferred to MR imaging by virtue of its

superior ability to demonstrate progres-

sive calcification. The MR appearance

may suggest a more aggressive process,

leading to unwarranted intervention (85).

Cortical Irregularity Syndrome

Cortical irregularity syndrome refers to

the formation of benign periosteab new

bone along the posterior, distal aspect of

the femonal metaphysis, medial to the

distal linea aspera. The abnormality is

usually an incidental finding on radio-

graphs obtained for an unrelated reason

(57,86).

While the lesion has been commonly

thought to represent a “tug” lesion at a

tendinous or ligamentous attachment,

this origin has been challenged. Examples

of fibrous cortical defects have commonly

been included in the analysis of lesions

of the posterior aspect of the distal femo-

nab shaft that have an appearance of the

cortical irregularity syndrome (57).

Analysis of one specimen involving the

medial aspect of the distal linea aspera

was found to lie in an area that lacked

ligament or tendon attachments, and it

was hypothesized that the cortical innegu-

lanity lesion represents an early or invo-

luting fibrous cortical defect (86). Authors

of subsequent studies, however, have

concluded that the proximity of the be-

sion to the aponeurosis of the extensor

portion of the adducton magnus muscle

is sufficient to account for a traumatic

origin (87,88). Resnick and Greenway

(88) have further differentiated the “cys-

tic cortical lesion” (fibrocortical lesion)

from “proliferative cortical irregularity,”

indicating that the former arises lateral

to the medial supracondylar ridge (at the

site of attachment of the medial head of

the gastrocnemius muscle) and the latter

lies along the medial aspect of the ridge.

While this differentiation may be useful

in explaining the spectrum of appear-

ances of traumatic lesions along the pos-

tenon femur, the important message is

that these lesions likely share a common



Figure 22. Cortical irregularity syndrome. CT image shows bilateral lesions of the posterome-

dial distal femora (arrows). The appearance, location, and bilatenality are classic for this disor-

den.

Figure 23. Tumonal-calcinosis-like lesion of the proximal linea aspena. (a) Lateral radiograph

of the proximal femur reveals an amorphous calcification (arrow) along the posterior aspect of

the proximal distal shaft. (b) CT image shows the origin of the lesion along the surface of the

bone. Cortical erosion, commonly seen with this disorder, is lacking.
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traumatic origin. The cortical irregular-

ity syndrome has often been called a “pe-

niosteal desmoid” (89), a misnomer to be

avoided. This lesion is not neoplastic as

is the true desmoid tumor.

Because of its location and the fact

that the lesion is found in children, the

cortical irregularity syndrome (on prolif-

erative peniostitis) may be mistaken for

a parosteal osteosancoma . Confirmation

of benignity is often possible by obtain-

ing radiognaphs of the opposite knee, as
the lesion is often bilateral (90). If radio-

graphic findings are equivocal, a limited

CT examination may demonstrate a

subtle contnalatenal lesion (Fig 22). MR

imaging plays no role in this disorder.

Calcific Tendinitis (Calcium
Hydroxyapatite Deposition Disease)

When calcific tendinitis manifests in

a common location such as the rotator

cuff, the diagnosis is easily established on

plain radiographs. When found in an

unusual location and juxtacontical posi-

tion, however, calcific tendinitis may

appear to be a mineralized surface lesion

of bone. Such a lesion occurring along the

posterior aspect of the proximal thigh

(linea aspera) has been termed the “tu-

moral-calcinosis-like lesion” (Fig 23). Al-

though this lesion has been called calcific

tendinitis or calcific penianthnitis in the

past (91,92), the tumonal calcinosis-like

lesion is distant from the joint and backs

areas of degenerating tendon and the

large numbers of inflammatory cells

seen in typical calcific tendinitis (93).

In addition, the pattern of fibrosis is

more organized in the tumorab calcino-

sis-bike lesion. A similar lesion may be

seen along the proximal humenal shaft

at the insertion of the pectoralis major

(92).

In both calcific tendinitis and the tu-

moral calcinosis-like lesion, the calcifi-

cation may be dense and well defined

or amorphous. The underlying cortex

may be eroded (91-93). CT is useful for

demonstrating the mineralization, a fea-

tune that is easily overlooked with MR

imaging. While this lesion is often mis-

taken for a surface osteosancoma (93),

the radiographic appearance and loca-

tion at a tendinous insertion are genen-

ally diagnostic.

The patient usually presents with

pain. Initial treatment consists of anti-

inflammatory medications, which may

be followed with local steroid injection

if pain relief is not achieved. Rarely, a

lesion may need to be excised because

of recalcitrant pain.

INFECTION

Infection of the bone surface may re-

sult from contiguous spread from the

medullany cavity or adjacent soft tissues

or direct inoculation during an invasive

procedure. Hematogenous inoculation

of the bone surface in the absence of

medulbary involvement is unusual.

The plain radiographic appearance of

surface infection is variable. Peniosteal

new bone may appear relatively benign

(Fig 24) on may be multilaminar and im-

mature. A Codman triangle may be

seen, indicating pus undermining and

elevating the periosteum. The cortex it-

self may appear relatively normal, or a

focal nadiolucent area (intracortical ab-

scess) may be seen.

If plain nadiographs are normal and

infection is suspected, MR imaging is in-

dicated. A normal MR imaging study

will essentially exclude deep infection,

whereas cortical and/on periosteal

edema is well displayed with MR imag-

ing. Either MR or CT will assist in iden-

tifying an intracontical abscess; how-

even, subpeniosteal fluid collections are

probably best displayed with MR imag-

ing. Identification and documentation

of abscess formation represents one of

the limited uses for intravenously ad-

ministered gadolinium-containing con-
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Figure 24. Panosteal osteomyelitis. (a) An-

teropostenior radiograph demonstrates undu-

lating but benign-appearing peniosteal new

bone (arrows) associated with the lateral as-

pect of the distal femoral shaft. (b) Radionu-

clide bone scan shows the length of the ab-

normality and confirmed that this was a soli-

tary lesion. The surface origin is also evident

on the bone scan. (c) Axial Ti-weighted MR

image (SE 866/17). Intermediate signal inten-

sity is seen adjacent to the medial cortex (an-

row). There is ill-defined low signal intensity

in the underlying marrow, indicating edema.

(d) Axial T2-weighted MR image (fast SE
3,500/108). The peniosteab new bone and

marrow edema both increase in signal inten-

sity. A percutaneous core biopsy was per-

formed under fluoroscopic control; the tissue

sample grew Streptococcus viridans. The
patient’s sedimentation rate was mildly el-

evated. She denied constitutional symptoms.

trast agents in muscuboskeletab MR imag-

ing. After administration of contrast ma-

teniab, the cavity wall will enhance, reveal-

ing the fluid nature of the abscess (Fig 25).

The findings of edema and contrast

enhancement are not specific for infec-

tion. Traumatic periostitis and some be-

nign surface tumors (including osteoid

osteoma and osteoblastoma) may have an

identical appearance on MR images. Cor-

relation with clinical and laboratory in-

formation is usually essential for estab-

bishing the diagnosis (94).

LESIONS OF UNKNOWN OR

CONTROVERSIAL ORIGIN

Juxtacortical Aneurysmal Bone Cyst

Surface aneurysmal bone cysts may

arise in a cortical or subpeniosteal loca-

tion (95). The origin of this lesion is de-

bated, but most authors believe that the

aneurysmal bone cyst represents a reac-

tive process rather than a true neoplasm

(96). This theory is supported by the fact

that a history of trauma is often present

(97,98). Aneurysmal bone cysts are often

seen in conjunction with other intramed-

ullary or juxtacortical lesions including

nonossifying fibroma, fibrous dysplasia,

chondroblastoma, giant cell reparative

granuloma, simple bone cyst, giant cell

tumor of bone, telangiectatic osteosar-

coma, and hemangioendothelioma (99).

The imaging appearance of the juxta-

cortical aneurysmal bone cyst is variable,

ranging from mild cortical expansion (Fig
26) to a more aggressive-appearing expan-

sile lesion (95) (Fig 27). CT is useful in

demonstrating a thin mineralized rim

around the lesion and confirming the

surface location along the bone. Although

the surface aneurysmal bone cyst is his-

tologically identical to the more common

intramedullary lesion, the surface variety

tends to recur less often (97).

Parosteal (Subperiosteal) Ganglion

The origin of the parosteal ganglion is

unknown. These masses are most com-

monly found along the medial proximal

tibia, in the region of the pes anserinus

insertion. This feature has led some to

speculate that tibial lesions arise from ero-

sion or herniation of the pes bursa (100).

Subperiosteal ganglia may recur following

complete excision (100), perhaps because

of continued stimulation from the adja-

cent soft tissues. Involvement of other

sites including the distal shaft of the ulna,

radius, and femur and the medial malleo-

lus has been reported (100-103).

Histologically, the lining of the sub-

periosteal ganglion lacks a distinct cell

type. Radiographically, parosteal ganglia

may show no osseous abnormality or may

Figure 25. Cortical osteomyelitis. Contrast-

enhanced Ti-weighted, fat-suppressed axial

MR image (SE 738/12). At presentation, the

patient had cellulitis following removal of an

external fixator. A well-defined focus of high
signal intensity is seen within the lateral tibia

cortex (arrow), adjacent to a soft-tissue abscess
(*)



Figure 26. Small panosteal aneunysmal bone cyst. (a) Antenopostenior radiograph shows unilaminan peniosteal new bone (arrow) along the
proximal fibular shaft. (b) CT image shows that the lesion is cortically based and surrounded by a thin rim of peniosteal new bone.

Figure 28. Panosteal ganglion. (a) Antenopostenior radiograph of the proximal tibia shows

mature-appearing reactive bone along the medial aspect of the proximal shaft (arrow). (b) CT

image demonstrates the fluid-attenuation mass (arrows) that surrounds the reactive bone. (Im-

age courtesy of Richard H. Gold, MD, Department of Radiological Sciences, University of Cali-

fonnia, Los Angeles.)
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Figure 27. Lange parosteal aneunysmal bone
cyst. (a) Anteropostenion radiograph of the

right hip shows a large surface lesion arising

off the anteromedial proximal femur. There is

a delicate rim of bone surrounding the lesion.

(b) Axial CT image. Note air-fluid level (arrow).

be associated with cortical erosion. The

scalboping may be smooth and uniform

on may be irregular, speculated, on

multibobulated (100, 104). Reactive bone

formation may also be seen (Fig 28). Ei-

then CT on MR imaging will reveal a webb-

circumscribed, homogeneous lesion. CT

is preferable for evaluating reactive bone

formation and defining the benign char-

acter of the cortical erosion, but MR im-

aging may be better suited for documen-

tation of the fluid nature of the lesion.

The character of the internal fluid ranges

from thin and watery to thick and mud-

nous. US may document that the lesion

contains fluid but generally will not as-

sist in arriving at a diagnosis.

The subperiosteab synovial cyst is

closely related to the parosteab ganglion.

The lining of the subpeniosteab synovial

cyst is composed of synovium or flat-

tened to cuboidal cells. The latter may

reflect high intracystic pressure (105).

Ribbing Disease (Multiple

Diaphyseal Sclerosis)

Ribbing disease is a condition of un-

known origin that is characterized by cm-

cumferential benign endosteab and pen-

osteal new bone formation along the

diaphysis of long bones (106) (Fig 29).

The lower extremity is usually involved,

although radiographic changes of



b.

Figure 29. Ribbing disease. (a) Anteroposte-

nor radiographs of the tibiae reveal marked

cortical and endosteal thickening on the right,
with less severe changes on the left. Only the

night lower leg was symptomatic. (b) CT im-

age of the left tibia shows endosteal and pen-

osteal new bone. The medullary cavity is nearly

obliterated.

32 #{149}Radiology #{149}January 1998 Seeger et al

asymptomatic Ribbing disease of the ra-

dius has been reported in one individual

who had painful lower extremity disease

(107).

The patient presents with pain and/or

swelling along one extremity that may be

followed months to years later with simi-

lan symptoms in the opposite extremity.

Although this disorder was initially de-

scnibed in four siblings from a single fam-

ily (108), familial involvement cannot be

documented in all cases.

Because the histologic characteristics

of this disorder are nonspecific, Ribbing

disease is a diagnosis of exclusion. In the

patient with involvement of a single bone,

the differential diagnosis includes stress

fracture, osteoid osteoma, osteosarcoma,

and osteomyelitis. The clinical history and

results of laboratory evaluation are essen-

tial in arriving at the appropriate diagno-

sis.

CONCLUSION

Surface lesions of bone generally represent

an uncommon or rare counterpart of a

more common mntramedullary process. As

for all bone lesions, imaging evaluation

should begin with plain radiography.

When cross-sectional imaging is under-

taken, CT is often preferable to MR imag-

ing, because it will better depict subtle

matrix mineralization or maturing pen-

osteal new bone. Often, a diagnosis can-

not be confidently made with imaging

alone, and biopsy is necessary to direct

patient care. Correlation with clinical in-

formation is usually essential for formu-

lating a working diagnosis.
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