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Matheus Martins Cavalcante a,b,*, Cláudio Régis Sampaio Silveira a,b, Cristiane Rocha da Costa b,
Daniel Gurgel Fernandes Távora b, Carlos Henrique Maia Ferreira Alencar b,
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A B S T R A C T

Bone tumors and tumor-like lesions (pseudotumors) are not uncommonly encountered as asymptomatic ndings
on imaging, or as symptomatic lesions clinically. Radiographic imaging is the rst diagnostic tool or their
management strategy, since the symptoms are commonly non-specic, such as pain, swelling, and redness. Image
ndings must be analyzed with attention to the specic eatures such as lesion location, margination, zone o
transition, mineralization, size and multiocality, sot tissue component and/or loco-regional extent. Cross-
sectional imaging including CT and MRI serve as complementary methods, providing additional inormation
with respect to the lesion characterization, mineralization, extent and involvement o the adjoining sot tissues.
Clinical and/or key imaging eatures aid in limiting the dierential diagnostic possibilities and serve as a guide

in determining the benignity or malignancy o the tumor as well as to exclude pseudotumors. This article reviews
the key imaging eatures o oot and ankle lesions. Benign bone lesions include simple and aneurysmal bone
cysts, lipoma, hemangioma, chondroblastoma, enchondroma, osteoid osteoma, osteoblastoma, and giant cell
tumor. Locally aggressive intermediate category lesion includes hemangioendothelioma. Malignant lesions
include osteosarcoma, Ewing’s sarcoma, chondrosarcoma. Pseudotumors such as brous dysplasia, hemophilic
pseudotumor, gout and Madura oot are also discussed with illustrative case examples.

1. Introduction

Bone tumors and tumor-like lesions (pseudotumors) are not uncom-
monly encountered as asymptomatic ndings on imaging or as symp-
tomatic lesions clinically. Clinical maniestations o oot and ankle bone
lesions are usually nonspecic regardless o their nature, whether pseu-
dotumor, benign or malignant tumors and the common presenting
symptoms include pain, trauma and/or swelling [1]. Imaging evaluation
is required or urther characterization o these lesions, such as size,
margination, location, locoregional extension and/or sot tissue
involvement. Radiography is the initial method o choice while CT and
MRI serve as 2nd line diagnostic modalities that aid in limiting the list o

dierential diagnoses. Using all pertinent clinical and imaging inorma-
tion, denitive diagnosis can be suggested in many cases and pseudotu-
mors can be correctly identied [2]. Multi-disciplinary collaboration o
specialists in the area, such as radiologist, oncologist, orthopedist,
pathologist is key to arriving at possible diagnosis and timely manage-
ment o such lesions. In some cases, histopathology is mandatory to
conrm the nal diagnosis [3]. This article reviews the key clinical and
imaging eatures o oot and ankle bone lesions. The reader will be able to
assist the multi-disciplinary team with the gained knowledge aiding in
their timely and accurate diagnosis. The discussion includes key clinical
and imaging eatures o benign and malignant bone tumors, and pseu-
dotumors listed in Table 1.
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Table 1
Concisely shows important eatures o all tumors and pseudotumors addressed in this study, such as clinical ndings, x-ray eatures, other modality imaging eatures
and other relevant ndings.

Lipoma Incidental nding.
Occasional pain

Osteolytic bone lesion with well-
dened margins. Internal
calcication.

CT- Fatty attenuation Central necrosis, calcication or
ossication

T1W and T2W: high signal

Hemangioma Asyntomatic/mass eect Lytic lesion. Typical trabecular
pattern

CT: trabecular pattern and
intermediate density

May exhibit honeycomb
appearance in calcaneus

T1W: high signal
T2W: high signal

Chondroblastoma Insidious onset o dull pain,
worse at night

Lytic expansive lesion. Internal
calcications may sometimes be
present

T1W and T2W: low to iso intense.
Decreased intensity oci
correspond to calcication

Associated periostitis

Enchondroma Most commonly an incidental
nding or may present with
pain and swelling due to
racture

Lytic, geographic lesion with
chondroid calcication

T1W: low to intermediate signal Ollier disease and Maucci
syndrome

T2W: typical intense high signal,
low intensity oci correspond to
calcication

Osteoid osteoma Nocturnal pain, relieved by
salicylates

Solid periosteal reaction with cortical
thickening

CT better characterizes nidus Predilection or the talus and
calcaneus in oot.

T1W and T2W: nidus has low to
intermediate signal with
surrounding edema

Osteoblastoma Insidious onset o dull pain,
worse at night, with minimal
response to salicylates

Lytic, expansive lesion >1,5 cm with
a rim o reactive sclerosis

CT shows a well-dened nidus or
lytic lesion >1.5 cm

Rapid increase in size with
associated cortical expansion,
cortical destruction and sot tissue
involvement

T1W and T2W: hypo to
intermediate signal

Giant cell tumor May present insidiously with
bone pain and sot tissue
mass due to pathologic
racture

Well-dened lytic expansile lesion
with a non-sclerotic margin and
reaches the subarticular surace

T1W: low to intermediate Soap bubble lesion in X-ray

T2W: heterogeneous high signal
with areas o low signal intensity
due to hemosiderin or brosis

Although rare, benign calciying
lung metastases are possible

Hemangioendothelioma pain and swelling in the
aected area

lytic lesion without matrix
mineralization, and osseous expansile
remodeling may be seen

T1W — low to intermediate
signal

Is a locally destructive tumor with a
variable course. Its behavior cannot
be predicted only on basis o
histologic eatures

T2W — high signal
Variable enhance

Osteosarcoma Pain, sot tissue mass,
racture deormity, swelling.

Bone destruction, sclerotic ossied
mass, aggressive periosteal reaction

CT: Codman triangles, sunburst
or thick periosteal reaction

Very rare in oot and ankle

MRI: Sot tissue mass Can be purely lytic (adults).
T1W: intermediate signal
T2W: high or mixed signal

Ewing sarcoma Nonspecic, with pain, mass
or swelling. Can clinically
mimic inections. Usually
young age.

Permeative or moth-eaten pattern o
bone destruction and periosteal
reaction, Onion skin periostitis,
Saucerization o cortex

T1W: low to intermediate signal Uncommon in oot, but is the most
common malignant neoplasm o
oot in children

T2W: heterogeneously high
signal

Chondrosarcoma Pain, pathological racture, a
palpable lump or local mass
eect

Endosteal erosion, cortical
destruction and expansion, as well as
sot tissue mass and calcications

T1W: low to intermediate signal Periosteal reaction and cortical
thickening are uncommonly seen as
well

T2W: very high intensity in non-
mineralized/calcied portions

Fibrous dysplasia Incidental nding Well-circumscribed lesion, no
periosteal reaction, cortical
thickening, and ground-glass matrix

T1W: intermediate signal McCune-Allbright syndrome

T2W: usually low, may have
regions o higher signal

Mazabraud syndrome

Hemophilic pseudotumor Painless expansive mass o
insidious growth

Bone destruction and areas o sot
tissue enlargement adjacent to the
aected bone

T1W and T2W: blood signal in
dierent stages o hemoglobin
degradation

Rare complication o hemophilia.
Conused with primary bone
tumors.

Madura oot Painless sot tissue swelling,
draining sinuses and purulent
discharge

Sot tissue swelling, bone sclerosis,
bone cavities, moth-eaten
appearance, periosteal reaction

T1W and T2W: low signal Dot-in-circle sign

Bizarre parosteal
osteochondromatous
prolieration

Mildly painul mass o
insidious growth

Exostotic or para-cortical lesions that
arise rom cortical, without
destruction

T1W: intermediate signal Lack o medullary involvement is
characteristic

T2W: heterogeneous signal with
high signal on lesion surace
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2. Simple bone cyst

Simple bone cyst (SBC) is mostly detected as an incidental imaging
nding in young and middle-aged adults with 23:1 male predomi-
nance. About 80% o patients are in their second decade [4,5]. Un-
commonly, the patient may present with a pathologic racture through
the lesion. It is a benign fuid-lled cystic lesion, which may be uni-
cameral or partially septate. It is usually solitary and mainly involves the
long bones, especially the proximal humerus ollowed by the proximal
emur; these two locations account or more than 80% o cases [4,5].
Calcaneus is the third common site, accounting or 13% o cases and is
the most common location in oot and ankle. Other rare locations
include, talus (1.4%), metatarsals and phalanges (0.8%) [6].

On plain X-ray, SBC shows a lucent, well-dened mildly expansile
lesion with sclerotic margin and/or thinning o the overlying cortical
bone (Fig. 1). With pathologic racture, there may be a small “allen
ragment” that has migrated in the intralesional fuid cavity.

CT and MRI conrm the fuid and/or internal hemorrhagic signal.
Fluid–fuid level is uncommonly present. The periphery and any septa
may show thin enhancement on intravenous gadolinium injection.
Fractured cyst may contain fuid levels and nodular enhancement may
be rarely seen.

The main dierential diagnosis is intra-osseous lipoma, which shows
internal atty component +/ calcication [7].

3. Aneurysmal bone cyst

Aneurysmal bone cyst (ABC) is a benign, locally expansile lesion o
the bone, occurring as a primary lesion in 79% o cases, or as a secondary
lesion arising rom other osseous conditions in 20% o cases [8,9]. The
peak age o onset is <20 years, and 95% o cases have been reported to
occur in the rst 3 decades o lie [10]. ABC accounts or ~1% o all bone
tumors [11] and despite being reported in almost every bone o the
body, it is most commonly encountered on the metaphysis o the long
bones, especially on the distal part o the emur, proximal part o the
tibia, and the posterior elements o vertebrae. Ankle is a rare localization
or ABC, with calcaneus comprising about 1.6% o all cases [12]. The

lesion is oten symptomatic with the patient mostly presenting with
chronic heel pain ater minor trauma, walking discomort, and some-
times swelling. Pathologic racture occurs rarely.

On X-ray, ABC is seen as an expansile osteolytic lesion causing
cortical thinning [13]. CT and MRI conrm internal blood–fuid levels
(Fig. 2). The densities o these layers vary between 16 and 47 Hounseld
Units (HU) [14]. Densities over 70 (HU) may represent underlying solid
lesions, such as brous dysplasia or osteoblastoma.

Fluid–fuid levels may also be seen in giant cell tumor, telangiectatic
osteosarcoma, myositis ossicans, osteoblastoma and brous dysplasia,
suggesting presence o a superimposed ABC-like changes.

4. Lipoma

Lipoma is a tumor composed o mature adipose tissue with no
cellular atypia. Most common locations include emoral neck, tibia,
bula and calcaneus. The incidence o intraosseous lipoma is thought to
be less than 0.1% o all primary bone tumors [15]. Intraosseous lipoma
o calcaneus is mostly diagnosed incidentally on imaging [16].

Lipoma demonstrates a well-dened lucency with a sclerotic border.
Internal calcication on X-ray dierentiates it rom SBC. CT demon-
strates low density similar to subcutaneous at and MRI demonstrates
signal intensity characteristics similar to subcutaneous at on both T1
and T2 weighted images. Many lesions also contain areas o inarction,
brosis, hemorrhage, calcication, or ossication (Fig. 3) [15].

5. Hemangioma

Hemangiomas o the bones account or 1% o all primary bones. They
show a marked predilection or skull and vertebrae (75%), with the long
bones and ribs less commonly aected (5–10%). Rarely these occur in
the oot and ankle. Microscopically, hemangiomas can be divided into
capillary, cavernous, or arteriovenous. Osseous hemangioma presents
with localized mild pain that may progress over several months. Sot-
tissue swelling and a growing mass have been reported. History o
trauma does not appear to be a predisposing actor [17,18]. Women are
more requently aected than men. Intraosseous hemangioma presents

Fig. 1. Simple bone cyst. Lateral view o the ankle (a) shows a well-dened lytic lesion in the calcaneus with a sclerotic border and without internal calcication
(arrow). MRI STIR (short tau inversion recovery) image (b) shows uniorm high signal compatible with simple bone cyst (arrow).
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radiographically as a lytic solitary lesion with or without a sclerotic rim.
The lytic area may exhibit a honeycomb or reticulated trabecular pattern
or a sunburst pattern, with striations radiating rom the center. Endos-
teal scalloping, cortical erosion with absence o hyperostosis, and a
reactive shell o periosteal bone have also been reported. CT may show
these internal characteristics better. Phleboliths o sot tissue hemangi-
oma are typically not seen in bone hemangioma. MRI may show internal
atty component on T1W images with extremely high intensity signal on
T2W images (Fig. 4) [19].

6. Chondroblastoma

Chondroblastoma is a benign tumor o bone that is derived rom
chondroblasts. Patients with chondroblastoma o oot and ankle are
male in 81% cases, with a mean age o 25.5 years, which is older than
the mean age o 17.3 years in patients with chondroblastoma o the long
bones. About 12% o all chondroblastomas occur in the bones o the oot
and they all usually present with pain [20,21]. Chondroblastoma,
typically epiphyseal, can aect any bone o the oot, including the short
bones, which are in essence, epiphyseal equivalents. However, most

Fig. 2. Aneurysmal bone cyst. Lateral view o the ankle (a) demonstrates a well-dened, heterogeneous, osteolytic lesion with cortical thinning (arrow). MRI STIR
image (b) shows fuid–fuid levels (arrow) as well as the presence o a solid component consistent with secondary aneurysmal bone cyst, superimposed on
chondroblastoma.
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commonly, it occurs in the posterior subchondral areas o the talus and
calcaneus. Radiographically, chondroblastoma appears as a geographic,
radiolucent lesion, oten with sclerosis, trabeculation, or lobulation.
Pathologic subchondral racture is requent but is not always obvious on
plain lms. This contrasts with other areas o the body where pathologic
racture is an uncommon characteristic o a chondroblastoma [22]. On
CT imaging, calcied chondroid matrix can be seen in more than 50% o
cases. Extensive surrounding edema around a T2 dark lesion is oten
apparent on MRI with periosteal edema, enhancement and rarely a small
sot tissue component, what can represent aggressive behavior or even
malignant component (Fig. 5).

7. Enchondroma

Enchondroma is a benign cartilaginous neoplasm located within the
medullary cavity o a bone. Enchondromas o the eet account or
approximately 5% o all enchondromas, compared with those in the
hand, which account or more than 30% [23]. They are composed o
mature hyaline cartilage and when occur in the oot, are most requently
ound in the phalanges and metatarsals, with the proximal phalanx
(80%) the most common site [24]. They can also occur in the long bones
o the upper arm and thigh. Enchondromas are usually asymptomatic
but can cause sharp pain secondary to a pathologic racture or pressure
resulting rom an expanding lesion. Thus ar, only a ew reports on
enchondroma o oot have been published, no doubt — a refection o
the rarity o the tumor [25]. Radiographically, enchondromas present as
well-dened, expansile, lytic lesions with varying degrees o stippled or
punctate calcications (Fig. 6). They are located in the diaphysis or
metaphyseal-diaphyseal regions o the bone. The typical radiographic
nding o “ring and arc” type o calcication might not be present. CT

will be useul or detecting subtle matrix calcication within the lesion.
It will also be useul or evaluating the cortical integrity status o the
small bones and is thus, an essential tool that guides surgical planning.
MRI will display the signal intensities o a cartilaginous tumor (i.e. low
to intermediate signal intensity on T1-weighted images and an inho-
mogeneous high-signal intensity with low-signal intensity septa on
T2-weighted images). Contrast-enhanced images will typically show
septal and peripheral enhancement. Calcic oci exhibit a low-signal
intensity on all sequences. MRI is superior to CT and should be the
preerred imaging modality to assess the bone marrow and sot tissue
edema [26].

8. Osteoid osteoma

Osteoid osteoma is an uncommon benign tumor o the skeleton that
usually occurs in the second and third decades o lie. This benign tumor
causes severe pain, worse at night and responds dramatically to
nonsteroidal salicylate medications. It has a characteristic lucent nidus
<1.5 cm and a surrounding solid periosteal reaction. These lesions ac-
count or ~10% o all benign bone tumors and there is a male predi-
lection (M:F 2–4:1) [27]. Osteoid osteoma constitute 2–11% o all
benign bone tumors in the oot and ankle, with a particular predilection
or the talus and calcaneus [28]. They can be divided into three types:
intracortical, cancellous, and subperiosteal. In long bones, intracortical
is more requent and causes signicant periosteal reaction but in the
oot, they generally occur in cancellous bone or subperiosteally [29].

Imaging evaluation includes radiography, CT, and MRI. The assess-
ment begins with radiography o a child or mostly an adolescent with
oot night pain. X-ray may nd only sclerosis and sometimes may appear
normal. Cross-sectional CT imaging shows a low-attenuation nidus with

Fig. 3. Lipoma. Lateral view o the ankle (a) shows a well circumscribed radiolucent lesion in the calcaneus, with sclerotic borders (arrow) and no cortical
destruction. MRI T1W sagittal view (b) shows a typical atty lesion o calcaneus with internal cystic changes (arrow).
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sometimes internal calcication and surrounding sclerosis (Fig. 7). On
MRI, the nidus shows low or intermediate signal intensity on T1-
weighted images, variable signal intensity on T2-weighted images and
variable enhancement. Radiorequency ablation is the treatment o
choice.

9. Osteoblastoma

Osteoblastoma is a rare bone tumor, representing less than 1% o all
bone tumors. Although rare, oot and ankle are common sites or these
tumors, with an incidence o 6–15% [30]. Despite the histologic simi-
larities, osteoid osteoma (<1.5 cm) and osteoblastoma (>1,5 cm) are two

completely distinct pathophysiologic entities because osteoblastoma is
more aggressive and locally destructive. Malignant transormation, albeit
rare, has been reported [31]. Most tumors are in the hindoot and talus,
the most commonly involved bone in the oot and ankle. Bone matrix
production occurs in 56% o cases and it can be ocally punctate or
coalesced centrally. A sot tissue mass may be seen in around 24% o
patients [30]. Radiologically, the diagnosis o osteoblastoma is usually
based on the plain radiograph alone. Matrix is seen in most subperiosteal
lesions, especially in the talar neck. Matrix is however scant or absent in
most endosteal or intramedullary tumors. Exuberant perilesional scle-
rosis is generally not evident in a osteoblastoma as compared to perios-
teal or cortically based osteoid osteomas. CT delineates the degree o

Fig. 4. Hemangioma. Axial view o the calcaneus (a) shows an irregular, lytic lesion with prominent reticulated trabecular pattern (arrows) and sclerotic margins.
MRI T1W (b) and at suppressed T2W (c) images show low signal intensity replacement o calcaneal marrow on T1W and extremely high signal intensity in T2W
images. There is minimal internal atty signal change (arrow).
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osseous destruction and presence o internal matrix. MR imaging accu-
rately reveals the sot tissue and intraosseous extent o tumor (Fig. 8).

10. Giant cell tumor

Giant cell tumor (GCT) o bone is a rare neoplasm and accounts or
approximately 5% o biopsied bone tumors in the United States.
Although GCTs possess limited capacity to metastasize, local aggres-
siveness and high recurrence rates oten lead to signicant impairment.
GCT typically occurs in the metaphyseal/epiphyseal region o the long
bones in young adults. While common in the knee and wrist, they are
uncommon in the distal tibia and bula, and rarely occur in the hand or
the oot [32] (4% o all giant cell tumors).

Pathologicaly GCT is very similar and can be indistinguishable to
other giant other giant cell-containing lesions such as brown tumor,
secondary to hyperparathyroidism. This way, serum calcium levels
should be perormed to dierentiate those dierential diagnosis [33].

Primary GCTs o bones o the oot were characteristically eccentric in
location, round, expansive, and lytic. They are more aggressive with ill-
dened edges. They have higher rate o recurrence than other sites, but
generally don`t recur ater the second treatment.

Radiography demonstrates the classic appearance and locally aggres-
sive behavior o these tumors. The tumors are purely lytic and oot lesions
requently expand (Fig. 9) and/or break through the cortex. Intra articular
and sot tissue extension are rare [34].

Fig. 5. Chondroblastoma. Lateral view o the ankle (a) shows a lytic, well-dened lesion in the calcaneus with internal chondroid matrix (arrow). T2W Dixon MR
imaging with in-phase (b) and water (c) maps show extensive marrow edema and some periosteal edema (white arrows) around a well-dened lesion (black arrow).
Sagital post-gadolinium at-suppressed T1W imaging (d) shows heterogeneous enhancement and periosteal enhancement (arrows).

M.M. Cavalcante et al.
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11. Hemangioendothelioma

Hemangioendothelioma (HE) is a rare endothelial vascular neoplasm
that classically involves sot tissue but has been reported in other loca-
tions such as liver, lung and bone. It is dened as an intermediate-grade
malignant vascular neoplasm whose clinical course is between those o
epithelioid hemangioma and angiosarcoma. It most requently occurs
during the 2nd and 3rd decades o lie, with a male predilection o
approximately 2:1 [35].

HE occurs less commonly in bone, accounting or <1% o all primary
bone tumors. Mainly located in the long tubular bones o the lower ex-
tremities and pelvis, aecting the upper extremities, vertebrae and other
fat bones less requently [36]. Moreover, they have a tendency to
develop multiocal disease and have an unpredictable clinical course. EH
is usually considered a low-grade malignant vascular tumor, whereas
angiosarcoma is regarded as a high-grade malignant vascular tumor [37].

Radiography and CT o HE usually reveals a lytic lesion without
matrix mineralization that is localized in the medullary to cortical bone.

Fig. 6. Enchondroma. Radiography (a) shows lucent, well dened lesion (arrow) on distal third o III metatarsus. 45 day later (b) ater reported pain, radiography
evidenced pathological racture (arrow). Ater another 45 days o immobilization (c) occurred consolidation o the lytic lesion and cortex, suggesting healing o the
pathological racture (arrow).

Fig. 7. Osteoid Osteoma. Radiography (a) was reported normal. CT (b) shows a cortical lytic lesion on the lateral aspect o the intermediate cuneiorm with small
calcication (arrow). MR T1W (c) shows a low signal lesion (nidus) with low signal surrounding edema; T1W-Gad (d) demonstrates contrast enhancement in the
intermediate cuneiorm and navicular bones.
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Cortical disruption and joint invasion are also common eatures. How-
ever, the signal characteristics on MRI are non-specic. Low to inter-
mediate signal intensity on T1-weighted images and high signal
intensity on T2-weighted images, with homogeneous enhancement, are
identied ollowing the injection o gadolinium-based contrast material
(Fig. 10) [36].

12. Osteosarcoma

Ater multiple myeloma, osteosarcoma is the most common primary
malignancy o bone. The commonest site o involvement is about the
knee and accounting or approximately 50% o all cases. Osteosarcoma
o the oot is rare and only a ew well documented cases have been re-
ported [38]. The reported incidence o pedal osteosarcoma varies be-
tween 0.2–2% o all osteosarcomas and this rarity may lead to delayed or
misdiagnosis [39]. Osteosarcomas seem to involve either the tarsal

region or the tubular bones; in contrast, the phalanges are rarely
involved. Because o the rarity o osteosarcomas o the oot, late diag-
nosis is common, even i these lesions are usually painul. Osteosar-
comas may also be misdiagnosed because other types o lesions may
mimic their eatures. On the basis o the published literature, some cases
seem to suggest that osteosarcomas o the oot are associated with a
avorable prognosis in comparison with the lesions involving more
proximal anatomic sites [40]. Radiographically, osteosarcoma appears
as an aggressive bone lesion with area o increased bone density and
osteolysis, cortical destruction and periosteal reaction. In some cases,
the lesion appears purely lytic, with thinning and erosion o the cortex.
On MRI, there is replacement o the normal bone marrow signal, peri-
tumoral edema and sot-tissue involvement (Fig. 11). The ossiedmatrix
can be seen as a low signal on all pulse sequences while the sot-tissue
component can be heterogeneous with varying signal intensity and
enhancement depending on the degree o hemorrhage and necrosis [41].

Fig. 8. Osteoblastoma. Radiography (a) shows an ill-dened lytic lesion and peripheral sclerosis (arrow). MRI T2W (b) and T1W (c) show well dened nidus (arrow),
larger than 1.5 cm with extensive surrounding edema, consistent with the diagnosis.
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13. Ewing sarcoma

Ewing sarcoma is a malignant small round blue cell tumor and is the
second most common malignant tumor o bone in children ater osteo-
sarcoma. It is more requently diagnosed between the second and third
decades o lie and aects the hand and oot in 3–6% o cases. The
clinical presentation is nonspecic, with pain, mass or swelling [42]. It
rarely occurs in the oot but is the most common malignancy o oot
bones in children. However, it is very unusual in the small bones o the
eet. The talus, calcaneus and the metatarsals are most commonly
involved [1]. On plain radiographs, Ewing’s sarcoma is oten charac-
terized by a ‘permeative’ or ‘moth-eaten’ pattern o bone destruction
(Fig. 12). The classical ‘onion skin’ periosteal reaction is more oten seen
with diaphyseal tumors [15,16]. Cortical saucerization may be seen.
MRI shows the intra-osseous and extra-osseous extent o the tumor and
diusion weighted imaging will show marked diusion restriction,
typical nding o small blue round cell tumors [43].

14. Chondrosarcoma

Chondrosarcomas are tumors that develop during adulthood and old
age, with maximum incidence between the ourth and sixth decades o

lie. They account or approximately 20–25% o bone sarcomas and
preerentially aect the fat bones, especially the scapula and pelvis, but
may also aect the diaphyseal parts o the long bones. They may arise
primarily or secondarily, as malignant transormation o enchondroma
or, more rarely, rom the cartilaginous cap o osteochondroma [44].

A study about chondrosarcomas in hand and oot revealed an inci-
dence o 2.9%. Calcaneus was the most commonly involved bone in the
oot. The talus, rst metatarsal bone, and distal phalanx o the great toe
were also common sites. One chondrosarcoma arose rom a sesamoid
bone o the great toe [45].

Radiographically, lesions present with endosteal erosions, cortical
destruction, and expansion, as well as sot tissue mass and calcications.
Most o them show poor margination, and ew show involvement o the
whole bone and a well-marginated lesion. Periosteal reaction and
cortical thickening are uncommon [46]. On MRI, the sot-tissue exten-
sion shows very high signal on T2W imaging and appears more lobu-
lated and thicker than the benign enchondroma [15] (Fig. 13).

15. Fibrous dysplasia

Fibrous dysplasia is a benign medullary bro-osseous lesion that may
involve one (monostotic) or more bones (polyostotic). The monostotic

Fig. 9. Giant cell tumor. Radiography (a) shows lytic expansile lesion o the second metatarsal, cortical thinning and no mineralization. Post-treatment radiography
(b) shows curettage and bone grat placement.
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variation is much more common in a ratio o around 10:1. The hallmark
o brous dysplasia is the inability o bone-orming tissue to develop into
mature lamellar bone; thus, the maturation process is arrested at the
level o woven bone [47]. The most common locations omonostotic FD
o extremity bones are the proximal emoral shat (40%), tibia (15%),
humerus (5%), and radius (5%) [48]. An extensive literature search
revealed only 6 case reports that have been published brous dysplasia
o the oot, the most recent published in 2003. As it commonly occurs in
long bones, ribs, skull, it is rare in short bones o oot, occurring in the
oot with a requency o 2% [44]. Plain lms shows a radiolucent
ground-glass lesion with a sclerotic and thin margin. CT reveals the
well-dened lytic lesion, may show thinning o cortical and ossica-
tion/calcication within the lesion. MRI shows signal iso to low-intense
on T1W and hypo to hyperintense on T2W imaging (Fig. 14) with
contrast enhancement. Sometimes, the nal diagnosis is established on
biopsy to dierentiate rom low grade osteosarcoma [49].

16. Hemophilic pseudotumor

In 1965, hemophilic pseudotumor was rst described as a progressive
cystic swelling involving muscle, produced by recurrent hemorrhages

and accompanied by radiographic evidence o bone involvement [50].
Clinically, hemophilic pseudotumors usually present as a painless
expanding mass growing over years. Their most serious sequel is a
pathological bone racture and uncontrollable bleeding. Gunning esti-
mated that 1% o hemophiliacs with severe disease have pseudotumors
[51]. The commonest sites are the long tubular bones and ileum, where
repeated and unresolved intramuscular hematomas may lead to encap-
sulation and calcication, with a progressive enlargement o the mass
and subsequent erosion o the adjacent bone. Foot lesions are seen in
children and adolescents; direct trauma has been implicated. Bleeding
into small cancellous bones, such as the calcaneum, talus and the small
bones o the eet is thought to be responsible or the pseudotumors and
cysts in these bones. Disappearance o these pseudotumors ater a low
dose o radiation has been reported [52].

Radiography and CT shows bone destruction with lucent areas and
high-density sot tissue mass-like lesion adjacent to the aected bone
(Fig. 15). MR imaging conrms the hemorrhagic components o hemo-
philic pseudotumors. Chronic bled areas show heterogeneous signal,
predominating low signal due to hemosiderin deposition. Subacute
blood has high signal on T1W and T2W imaging. Underlying history o
hemophilia aids in establishing the denitive diagnosis.

Fig. 10. Hemangioendothelioma. Radiography (a) Lateral view o oot shows multiocal lucencies and demineralization. Corresponding CT reconstruction (b) shows
numerous lytic lesions in oot and ankle. MRI T2W (c) T1W (d) and T1W post contrast (e) shows an intermediate to high signal intensity in T2W, low signal intensity
in T1 with contrast enhancement and sot tissue extension (arrows). Scintigraphy () shows corresponding enhance areas in oot and ankle.
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17. Madura oot

Madura oot occurs as a result o lamentous ungus invasion o the
oot, and occasionally other parts o the body. It usually occurs when the
ungus is introduced by the prick o an inected thorn or splinter. Typi-
cally, bodies o various shapes, resembling small grains which are, in act,
clumps o ungi, are ound either in the discharge rom the aected area
or in a biopsy specimen [53]. Radiographs may be normal or show sot
tissue swelling, bone sclerosis, bone cavities with moth-eaten appear-
ance, periosteal reaction, cortical scalloping, anning o the rays, or

osteoporosis. The bones are almost always attacked rom the outside, in
contrast to bacterial osteomyelitis [54].

Initial reports o the MRI ndings described lesions with low signal on
T1W and T2W images, which were assumed to be due to susceptibility
rom the metabolic products o the ’grains’. The "dot-in-circle" sign, seen
as tiny hypointense oci within the hyperintense spherical lesions, was
initially described by Sarris et al. [55], in 2003 on T2W, STIR, and T1W
at-saturated gadolinium-enhanced images. Correlating the MRI and
histology ndings, they suggested that the high-signal areas seen on MRI
represented infammatory granulomas, the low-intensity tissue seen

Fig. 11. Osteosarcoma. Radiography (a) shows a ill-dened lytic permeative lesion in calcaneus with ill-dened marrow involvement. MRI was provided two months
later. T1W (b) and at-suppressed T1W-post contrast (c) shows an intermediate signal intensity with contrast enhancement and sot tissue extension.
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surrounding these lesions represented the brous matrix, and the small
central hypointense oci within the granulomata represented the ungal
balls or grains. They suggested it to be a highly specic sign or this
inection [56]. DWI show restricted diusion in the lesions with target
signs on apparent diusion coecient maps (Fig.16).

18. Bizarre parosteal osteochondromatous prolieration

Bizarre parosteal osteochondromatous prolieration, as dened by
Nora et al. in 1983 (also called Nora lesion) [57], is a rare lesion. It is
an exophytic outgrowth rom the cortical surace consisting o bone,

Fig. 12. Ewing sarcoma. Radiography shows a lytic, ill-dened diaphyseal lesion o a third metatarsal, with aggressive pattern. Note sclerosis in the ourth metatarsal
due to chronic pressure eect o the sot tissue lesion.
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Fig. 13. Chondrosarcoma. CT (a) demonstrates matrix calcication and sot tissue extension o the 5th metatarsal. Post-surgery radiography (b) shows absence o
th metatarsal diaphysis.

Fig. 14. Fibrous dysplasia. MRI T1W (a) shows a well-dened hypo-intense lesion in calcaneus with homogeneous enhancement on at suppressed T1W post contrast
imaging (b). Appearance o post-surgical curettage material (c).
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cartilage and brous tissue. It usually aects the proximal and middle
phalanges, and the metacarpal or metatarsal bones [58].

The commonest presentation is that o a bony swelling arising rom
the small bones o the hands and eet. The hands are 4 times more
commonly aected than the eet [59]; however, lesions in the long
bones, skull, maxilla and metatarsophalangeal sesamoid have been re-
ported. Nora’s lesion occurs in adults in second and third decade o lie
(average age 30–33 years, range, 2–73). Males and emales are equally
aected. There is a history o a mildly painul mass that seems to in-
crease in size over many weeks or a ew months [56].

X-ray should be perormed as it shows these lesions arise rom the
cortex without aecting it, a specic nding, dierently rom cartilage-
capper exostoses (osteochondromas) which has continuity o the central
part o the tumor with underlying osseous medulla [57]. The lesion is
usually located in the metaphysis and may exhibit a spiculated or
irregular surace. CT scan helps to distinguish it rom osteochondromas
by showing the absence o continuity between the medullary cavity and
the lesion with intact cortex (Fig. 17) [60]. MRI scans exhibit
para-cortical masses, isointense on T1W images. On T2W images, the
surace area o the lesions shows high intensity, and the deeper area
showed heterogeneous intensity [59].

19. Conclusion

This article exposes the main bone lesions present in the oot and
ankle, ocusing on the imaging characteristics in order to provide a
pictorial sample to help improve radiological knowledge. Some o the
key imaging modalities were used appropriately to make the inorma-
tion easily understandable. We also briefy highlighted remarkable
clinical and pathological characteristics with the propose to enrich the
approach.
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Fig. 15. Hemophilic pseudotumor. Previous radiography (a) shows a hyperdense mass on the medial aspect o the oreoot and midoot in a known hemophiliac.
Ater a ew weeks (b), with resorption o some o the hyperdense content, bone erosions are more apparent in the hallux.
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Fig. 16. Madura oot. 29-year-old with oot pain and swelling. Prior partial amputation ater oot was beaten with a hammer, complicated with chronic pain and
discharge rom oot. Lateral Xray (a) o oot shows partial amputation, mixed bone lysis and sclerosis with surrounding sot tissue swelling. Sagittal T1W (b) and STIR
(c) images show target lesions (arrows) with surrounding bone osteomyelitis. Axial T1W post contrast images (d) shows rim enhancing lesions o abscesses. Axial ADC
map (e) shows the restricted areas with target sign (arrow).

Fig. 17. Bizarre parosteal osteochondromatous prolieration. CT (a,b) shows well-marginated wide based bony growths rom midoot, projecting into the sot tissues,
with a lack o medullary involvement.
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