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Leg Pain and Swelling in a 22-Year-Old Man

Mustafa H. Khan, MD*; Ritesh Darji, MD†; Uma Rao, MD‡; and Richard McGough, MD*

HISTORY AND PHYSICAL EXAMINATION

The patient was a 22-year man who presented with right
leg pain and swelling that had increased during the last 6
years. He complained of pain with walking and running,

which precluded him from participating in any sports, and
night pain. The patient localized the pain over the anterior
aspect of the midtibia. He denied any history of trauma. He
required regular doses of oxycodone for the past year to
achieve adequate pain relief. His past medical history was
unremarkable.

On physical examination a large anterior pretibial bony
mass was palpable. No other masses were palpable in the
extremities and there was no evidence of lymphadenopa-
thy. Active and passive range of motion testing and neu-
rovascular examination was in normal limits.

Plain radiographs and MRI scans of the leg, along
with CT scan of the leg and chest, were obtained
(Figs 1–3). Based on the history, physical examination
and radiographic imaging, what is the differential diagno-
sis?
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Fig 1. (A) Anteroposterior and (B) lateral plain radiographs
show a large multiseptated, expansile, cystic lesion in the tibial
diaphysis. The anterior cortex appears thin with some perios-
teal reaction.

Fig 2. A sagittal CT scan shows the soap bubble appearance
of the lesion. The tumor was less than 1 cm away from the
distal tibial articular surface.
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Fig 3A–B. (A) Coronal MRI T1 and (B) FSEIR im-
ages show that the mass was heterogeneous in na-
ture.

Fig 4. A pictomicrograph of a representative area of the tumor
shows characteristic slightly basaloid nests of epithelial cells
surrounded by spindle cells (Stain, hematoxylin and eosin;
original magnification, ×20)
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IMAGING INTERPRETATION

Plain radiographs showed a large predominantly lytic le-
sion with some internal sclerosis extending from the
midtibial diaphysis to the distal tibia (Fig 1). The lesion
was multiloculated and occupied the entire medullary cav-
ity proximally where it expanded and thinned the cortex,
particularly along the anteromedial aspect. More distally,
it appeared to be predominantly cortically based and ec-
centric in location.

A CT scan was used to delineate the extent of the lesion
(Fig 2). The lesion had a soap bubble appearance, and
there was evidence of anterior cortical disruption. The tu-
mor was located approximately 1 cm from the distal ar-
ticular surface of the tibia. A chest CT scan did not show
any thoracic metastases or lymphadenopathy.

Magnetic resonance imaging showed that the lesion
was heterogeneous and multiloculated and predominantly
isointense to muscle on T1 and hyperintense on T2 with
persistently low signal of internal septae (Fig 3). There
was some diffuse enhancement after gadolinium contrast

administration. However, there was no soft-tissue compo-
nent associated with the lesion. The tumor originated ap-
proximately 19 cm from the tibial plateau and extended to
within 8 mm of the posterolateral tibial plafond without
violation of the ankle joint. The posterior cortex was
thinned but not breached.

DIFFERENTIAL DIAGNOSIS

Osteofibrous dysplasia (Campanacci’s disease)
Adamantinoma
Fibrous dysplasia
Ewing’s sarcoma/primitive neuroectodermal tumor

An incisional biopsy with frozen section was performed
(Fig 4). Based on the history, physical examination, radio-
graphic imaging and histology, what is the diagnosis and
how should this lesion be treated?

See page 263 for diagnosis and treatment.
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Continuation of ORP conference from page 262.

HISTOLOGY INTERPRETATION

On gross examination the biopsy specimen had a rubbery
texture and was white-gray in color. Microscopic exami-
nation showed that it was a biphasic tumor composed of
loosely arranged spindle cells in a storiform pattern
mingled with clusters of epithelial cells (Fig 4). Osteoid
with and without osteoblastic rimming was present in ad-
jacent spindle cell stroma. Immunostains of the epithelial
and spindle cells were strongly positive with pankeratin.
No increased mitotic activity was noted.

DIAGNOSIS

Adamantinoma

DISCUSSION AND TREATMENT

Adamantinoma is a low-grade malignant bony neoplasm
of unclear embryological origin that classically occurs in
the tibia or fibula. The earliest descriptions of this tumor
were by Maier17 in 1900 and Fischer in 1913.11 A review
of 200 cases showed that the average age at presentation is
in the early 30s, with a slight male predominance.20 It is a
rare entity, constituting less than 0.1 to 0.3% of all malig-
nant tumors of the bone.19,20,32 More than 80% of all
adamantinomas occur in the tibial diaphysis, while the
majority of the rest occur in the fibula, femur, ulna, and
radius.20,24 Though fibular involvement is often seen with
adamantinomas, this was not the case with our patient.
There are extremely rare reports of adamantinomas arising
exclusively from the pretibial soft tissues without any
bony involvement.3,18 Interestingly, these soft tissue ada-
mantinomas were histologically identical to their bony
counterparts.

The initial symptoms of adamantinoma are often indo-
lent and nonspecific. Most patients present with swelling
that may or may not be accompanied by pain. Patients
often tolerate these nonspecific symptoms for many years
before seeking medical attention. Pathological fractures
may be present in as many as 23% of patients.24 There
have been reports of hypercalcemia associated with ada-
mantinomas.1,33

An association with trauma was first suggested by Ry-
rie in 1932, who believed that cellular hyperplasia leading
to neoplasia after a traumatic event may be an important
event in the development of the disease.29 The association
with trauma is often speculated upon in the literature but is
of unknown significance. In a series of 200 patients, 61%
had an antecedent history of trauma,20 whereas another
study of 32 patients reported a history of trauma in 25% of

the affected individuals.12 On the other hand, in a series of
85 patients only five patients recalled a traumatic event.15

Though this issue has been brought up in the literature,
there is no clear evidence to suggest causality.

The embryological origin of adamantinoma continues
to be debated. Early reports suggested that the tumor de-
rived from fetal crest,11 basal cell lineage29 and endothe-
lial cells.16,25 However, recent opinion seems to suggest
that adamantinoma is a tumor of epithelial origin. Ultra-
structural studies have shown that adamantinoma cells
have epithelial characteristics such as a basal lamina, des-
mosomes, gap-junctions, epithelial-specific keratin and an
extracellular composition similar to epithelial tis-
sue.10,21,22,26,27 Some authors have reported an association
of adamantinomas with fibrous dysplasia.8,35 Histologi-
cally, areas resembling fibrous dysplasia, consisting of fi-
broblasts in a storiform pattern, are frequently seen in
adamantinomas.35 Fibrous dysplasia, which is most fre-
quently metaphyseal and/or diaphyseal in location, can
be differentiated based on its characteristic well-
circumscribed ground glass appearance on plain radio-
graphs. Histologically, fibrous dysplasia is characterized
by immature, woven bone that is unable to differentiate
into mature lamellar bone; however, the presence of ir-
regular trabeculae resembling Chinese letters is a charac-
teristic of fibrous dysplasia. Adamantinomas have also
been associated with osteofibrous dysplasia (Campanac-
ci’s disease).23 The two lesions share strong clinical and
histopathological similarity, with both having a tibial pre-
dominance.4,14 Osteofibrous dysplasia, a benign tumor
with aggressive behavior, is characteristically seen in the
anterior cortex of tibia. Radiographically it is a lytic, mul-
tiloculated lesion that can cause anterior and/or posterior
bowing. Its histological appearance is one of irregular
spicules of bone lined by osteoblasts, which produce a rim
of lamellar bone around areas of woven bone. Some au-
thors have suggested that osteofibrous dysplasia and ada-
mantinoma form a continuum of pathological processes
where osteofibrous dysplasia-like adamantinoma is the in-
termediate step.31 The final entity that needs to be consid-
ered in the differential diagnosis is Ewing’s sarcoma,
which is a highly malignant tumor that belongs to the
primitive neuroectodermal tumor (PNET) family. It is
most frequently found in the femur, tibia, and humerus,
and its radiographic appearance is that of a lytic, centrally-
located lesion that causes onion skin periosteal reaction.
The microscopic appearance of Ewing’s sarcoma is one of
densely packed small blue cells with little cytoplasm
packed in sheets. The disease has a characteristic
t(11:22)(q24;q12) translocation, and has an aggressive,
malignant biological behavior.2 The radiographic and his-
tological features of the tumor in this report were most
consistent with a diagnosis of adamantinoma.

Number 448
July 2006 Orthopaedic • Radiology • Pathology Conference 263



Plain radiographs are often diagnostic because of the
tumor’s classic location and appearance. More than 80%
of all adamantinomas are found in the tibial diaphysis, and
cortical and medullary involvement can occur. Some tu-
mors may be confined to the cortex only. The tumor may
break through the cortex and present with a soft tissue
component. Metaphyseal involvement makes the diagno-
sis more challenging because other tumors have to be con-
sidered in the differential diagnosis. The typical radio-
graphic appearance of the lesion is that of an expansile,
eccentric mass with areas of bony destruction that may be
accompanied by a variable amount of periosteal reaction.
There may be cortical thinning, usually involving the an-
terior tibial cortex, and the mass may appear multilocu-
lated with septations. For this reason, its appearance often
is described as consisting of soap bubbles. Large-sized
lesions may produce a deformity of the tibia, and concomi-
tant involvement of the fibula can occur. Most adamanti-
nomas are aligned along the proximal-distal axis in the
bone. In less than 15% of the cases is there any soft tissue
involvement. Magnetic resonance imaging and CT scans
are helpful in delineating the extent of the tumor in the
bony and soft tissues and may aid in surgical planning.

Flow cytometry studies have shown aneuploidy in the
epithelial component of adamantinomas, suggesting that it
may represent the primary malignant component.13 Mor-
phologically, the most common feature of this lesion is the

presence of epithelial cells surrounded by spindle-cell
stroma.30 Though several histological subtypes of ada-
mantinomas have been described, they have not correlated
with biologic behavior. There are some reports that sug-
gest a more aggressive behavior for basaloid and spindled
variants.7,18,35

An open biopsy is usually required for definitive diag-
nosis, though a needle biopsy sometimes is sufficient. The
tumor typically has an epithelial and a spindle cell com-
ponent. The epithelial component may be basaloid, squa-
moid, or spindled. Cytological anaplasia and pleomor-
phism is unusual and mitoses are difficult to find. Areas
resembling osteofibrous dysplasia may be present. Some
tumors with complex tubular pattern may be mistaken for
vascular neoplasms and those with epithelial or squamous
areas can be mistaken for metastatic carcinoma. In cases
where there is a predominance of spindle cells with scat-
tered scant small epithelial nests, the tumor may be mis-
diagnosed as a synovial sarcoma. Therefore, radiological
correlation, age, and other clinical features are essential for
establishing a diagnosis of adamantinoma.

Adamantinomas are slow-growing tumors that can me-
tastasize and may recur locally. Because of the propensity
of the tumor for local spread and recurrence, early authori-
ties were of the opinion that amputation of the affected
extremity was curative and that it might improve sur-
vival.5,6,9,28 However, subsequent studies have challenged

Fig 5A–D. (A) Gross appearance of the tumor resected en bloc is shown. (B) A contralateral vascularized osteocutaneous fibular
autograft is shown before and (C) after inlay into tibial allograft. (D) The final appearance of the graft at the end of the procedure
is shown.
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this view and have led to changes in treatment. Because of
their slow-growing nature, surgical treatment has moved
away from amputation. There are no prospective studies
comparing amputation and limb-preserving surgery for the
treatment of adamantinomas. The trend towards limb-
preserving surgery is largely related to evolving and im-
proving experience of surgeons with other tumors and pa-
tient preference for limb-preservation. Amputation for
adamantinomas has not been shown to improve survival
when compared with limb-preserving surgery but may be
considered as a last resort if local recurrence occurs of if
en-bloc resection and limb-salvage is not an option.19

Therefore, limb salvage is currently the preferred method
of treatment for adamantinomas. In a series of 32 patients,
Hazelbag et al showed that curettage and excisional biopsy
was associated with high rates of local recurrence and
metastatic spread, whereas none of the patients treated
with en-bloc resection had such complications.12 There-

fore, large segmental resection of the tumor followed by
limb reconstruction has gained favor as the treatment of
choice. Limb reconstruction can be performed with dis-
traction osteogenesis, allografts, autografts (vascularized
or nonvascularized) and metallic segmental replacement.
Vascularized fibular autografts have been successfully
used to reconstruct large segmental defects of long
bones.34 Reconstruction with tibial allograft is also an op-
tion.20 However, tibial allograft reconstruction may be ac-
companied by high rates of nonunion (24%) and fracture
(23%).24 Radiation therapy and chemotherapy are of lim-
ited usefulness in the treatment of adamantinomas because
the tumor is usually not very responsive to these modali-
ties.12,35 Chemotherapy may be considered in situations
such as unresectable chest disease and radiation may be con-
sidered in cases with a microscopically positive margins.
However, the utility of newer chemotherapeutic agents has
not been fully studied in the treatment of adamantinomas.

Fig 6A–B. (A) Anteroposterior and (B) lateral plain
radiographs taken 6 months postoperatively show
the tibial allograft inlaid with contralateral fibular au-
tograft secured with locking plates proximally and
distally.
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Because of its rarity and the small numbers of patients
in the available clinical series, the natural history of ada-
mantinoma remains to be fully elucidated. There is data to
suggest that the disease may have a more aggressive and
lethal progression in young women20 while other series
have come to the opposite conclusion.15 Rates of local
recurrence vary from 18% to 32%,12,15 while rates of me-
tastasis are reported to be 15% to 30%.12,15,20 Metastatic
spread to lymph nodes is a late finding in the course of the
disease. Mortality rates in the literature have varied from
13% to 18%.15,20 In a review of 70 patients, en bloc tumor
resection with wide margins and limb salvage was shown
to have a 10-year survival rate of 87%.24

We had an extensive discussion with our patient about
the risks and benefits of complex reconstruction versus
amputation surgery. The patient chose to proceed with
limb reconstruction surgery. Therefore, wide resection of
the distal tibia, sparing the ankle joint itself, and composite
reconstruction with tibial allograft inlaid with contralateral
vascularized osteocutaneous fibular allograft was per-
formed (Fig 5). The construct was secured with locked
plates. The resected tibia was sent for pathology, which
confirmed that the margins were tumor-free. Postopera-
tively, the patient was nonweightbearing. At the 6 month
postoperative visit, the incisions had completely healed
and the patient had no tenderness to palpation along the
tibia. Radiographs showed excellent alignment of the bone
graft with early signs of bony healing at the proximal and
distal osteosynthesis sites (Fig 6).
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