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Abstract Classic adamantinoma of
the long bones is a rare, low-grade
malignant neoplasm arising most of-
ten in the tibia and usually in patients
during the second to fifth decades.
Although adamantinomas have been
described in children, the histologic
pattern in this age group is different
from that seen in adults and resem-
bles osteofibrous dysplasia. The usual
pattern of adamantinoma in children
has been termed ªdifferentiated ada-
mantinomaº and follows a benign
course. We report a case of adaman-
tinoma in the proximal tibia of a 3-
year-old patient. The lesion had
abundant epithelial component with
formation of keratin pearls, a pattern
that has been described only in clas-
sic adamantinoma occurring in
adults. Since differentiated adaman-

tinomas are essentialy benign and
classic adamantinomas are low-grade
malignancies, the finding of a classic
variant at this young age raised im-
portant therapeutic and prognostic
issues.
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Introduction

Extragnathic adamantinoma is a pri-
mary intraosseous epithelial neo-
plasm of low-grade malignancy with
a marked predilection for the tibia.
Czerniak et al. [1] distinguished two
types of extragnathic adamantinoma:
the classic form and the differentiated
form. The classic form usually pre-
sents in adults, grows beyond the
cortex, and sometimes metastasizes.
Differentiated adamantinoma occurs
in the first two decades of life, has an
intracortical location, and a favorable
prognosis. Histologically, classic ad-

amantinoma is characterized by an
abundance of epithelial cells which
stain strongly for cytokeratin. Differ-
entiated adamantinomas, on the other
hand, have a predominance of osteo-
fibrous dysplasia pattern with only a
small scattered inconspicuous epi-
thelial cell component.

Case report

A 3-year-old boy presented with
complaints of intermittent pain in the
right calf, which started after a fall.
On examination, the patient was a

healthy child with slight tenderness
over the proximal right tibia and
without other findings or medical
problems. Radiographs showed a de-
structive lesion of the lateral dia-
metaphysis of the proximal tibia with
cortical loss and a matrix of sclerosis
and osteolysis (Fig. 1). CT confirmed
the presence of a destructive lesion
that was predominantly osteolytic,
involving the cancellous bone and
destroying the cortex (Fig. 2). A dif-
ferential diagnosis of non-ossifying
fibroma, eosinophilic granuloma, or a
chondromyxoid fibroma, was enter-
tained. A bone scan demonstrated
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minimal increased uptake in the le-
sion, with intensity less than that ob-
served in the epiphysis (Fig. 3). There
were no other areas of abnormal in-
creased radiotracer activity.

Curettage of the lesion with bone
graft was planned. An intraoperative
frozen section was obtained, which
revealed a pauci-cellular fibro-osse-
ous lesion with two keratin pearls
(Fig. 4). A diagnosis of adamantino-
ma was suggested. Surgery was
aborted, further biopsies were ob-
tained, and the patient was scheduled
for follow-up.

Histologic examination of the bi-
opsy specimens showed a spindle-cell
lesion with variable cellularity. The
lesion was quite cellular in some ar-
eas, with a vague storiform pattern. In
other areas the lesion was more coll-

agenized and hypocellular. On care-
ful examination, scattered small
clusters of squamoid epithelial cells
could be seen (Fig. 5). These plump
cells were seen to line slit-like spaces
in some areas, appearing to be plump
endothelial cells. No keratinization of
these cells was observed. No keratin
pearls were seen. There was no
pleomorphism of the spindle or epi-
thelial cells. No mitotic figures were
seen. Some biopsy fragments had tiny
spicules of woven bone lined by
plump osteoblasts in a fibrous back-
ground, resembling osteofibrous dys-
plasia (Fig. 6). Staining for cytoker-
atin revealed an abundant epithelial
component in the neoplasm (Fig. 7).
A diagnosis of adamantinoma was
made.

The patient underwent resection of
the proximal tibia just distal to the
physis, with preservation of the
growth plate. The defect was filled by
use of a bone transport technique.
The specimen consisted of a 5�3�3-
cm piece of proximal tibia without
the articular surface. Externally the
bone had some soft tissue attached,
but was otherwise unremarkable. On
cut section in the coronal plane, a
lesion, 3.5�1.0 cm, tan and partly red,
was seen involving the lateral med-
ullary cavity and adjacent cortex. The
lesion had eroded the cortex, but did

not extend beyond the periosteum.
Microscopically, it was similar to the
biopsy specimen, without evidence of
keratinization. Post-operative course
was complicated by a fracture. At the
12-month follow-up, the patient is
disease free with, a healed stable ex-
tremity and a functioning growth
plate.

Discussion

Primary bone tumors are unusual in
children under the age of 5 years.
Radiologic differential diagnosis, in
our patient, included non-ossifying
fibroma or fibroxanthoma, Langer-
hans cell histiocytosis, and chondro-
myxoid fibroma. Adamantinoma of
the long bones is a rare, low-grade
malignant neoplasm, that in 90% of
the cases arises in the middle third of
the tibia during the second to fifth
decades of life [2]. Radiographically,
most tumors involve both the cortex
and the medulla and are frequently
seen as multiple well-circumscribed
lucent defects of variable size, with
areas of sclerosis within the tumor
and at the periphery. Bone expansion
is noted in the majority of cases. In
approximately 15% of cases, the tu-
mor breaks through the cortex and
involves the adjacent soft tissues [3].

Fig. 1 Anteroposterior radiograph shows an
eccentric, lytic, metaphyseal lesion with
cortical destruction but no periosteal reac-
tion. The lesion has a lobulated margin with
a thin rim of sclerosis

Fig. 2 Axial CT section near the midportion
of the lesion shows no mineralized matrix or
periosteal reaction. The lobulated lesion in-
volves the lateral cortex, but a thin rim of
intact periosteal tissue is evident. There is
no soft tissue mass

Fig. 3 Bone scan shows minimal activity in
the area of the lesion
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The neoplasm tends to recur locally
and is relatively insensitive to radio-
therapy [4]; wide en bloc resection is
the procedure of choice for initial
treatment.

Czerniak et al. in 1989 [1] first
proposed the concept of ªdifferenti-
ated adamantinomaº and established
the radiologic, histologic, and im-

munohistologic features that distin-
guish this subtype from the more
common ªclassic adamantinomaº.
The classic form usually presents in
older patients, grows beyond the
cortex, and sometimes metastasizes.
Histologically, classic adamantino-
ma is characterized by an abundance
of epithelial cells which stain
strongly for cytokeratin. The
differentiated adamantinoma, on the
other hand, occurs at a young age
(first two decades), has an intracor-
tical location, and histologically
shows a uniform predominance of
an osteofibrous dysplasia-like
pattern, with only small scattered
inconspicuous epithelial cell com-
ponent.

The relationship of osteofibrous
dysplasia (OFD) to differentiated ad-
amantinoma is unclear. Czerniak et
al. [1] believe that there is a contin-
uum of lesions, with classic adaman-

tinoma at one end and OFD at the
other. They postulate that in patients
aged less than 20 years, an intracor-
tically situated adamantinoma be-
comes dominated by a secondary re-
parative process having the histologic
features of OFD. Continuation of this
reparative process leads to elimina-
tion of recognizable tumor cells from
the lesion and spontaneous regression
± a hypothesis also supported by
other investigators [5, 6]. This con-
cept, however, does not rule out the
possible existence of de novo osteo-
fibrous dysplasia not related to ada-
mantinoma. Many other investigators
have suggested that OFD may be a
precursor of adamantinoma [7±9].
Sweet et al. [10] studied 30 cases of
OFD to determine whether it is a
precursor lesion to adamantinoma.
They concluded that there was no
conclusive evidence of a precursor
role for OFD.

Fig. 4 Frozen section from the tibial lesion
showing two keratin pearls and a spindle
cell stromal background

Fig. 5 Adamantinoma demonstrating areas
of spindle cell proliferation with nests of
squamous cells. Some of the plump cells
seem to line slit-like spaces

Fig. 6 Osteofibrous dysplasia-like areas in
adamantinoma. There is spindle cell prolif-
eration with production of osteoid that is
lined by plump osteoblasts

Fig. 7 Adamantinoma stained with anti-
bodies to cytokeratin. The squamous cell
nests are strongly positive
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Since differentiated adamantino-
mas do not metastasize, in contrast to
classic adamantinomas, which are
low-grade malignant neoplasms, dis-
tinction between these two types of
adamantinoma has important thera-
peutic implications. The patient de-
scribed in this report showed abun-
dant epithelial component with is-
lands of squamous cells, showing in-
tercellular bridges and foci of keratin
pearl formation. Keratin pearl for-
mation is rare even in classic ada-
mantinoma. In a study of 85 cases,
well-formed squamous cells with
keratin pearls were seen in only 9
cases [3]. Interestingly, none of these
nine patients had recurrence of the
tumor, but one patient developed
metastasis. The authors concluded
that of all the histologic features that
were evaluated, the presence of
squamous differentiation protected
against recurrence, but not against
metastasis.

This report describes the clinico-
pathologic findings of a 3-year-old
patient with adamantinoma. The his-

tology of the lesion would argue in
favor of classifying it as a classic
adamantinoma, a tumor with a po-
tential to metastasize. The age of the
patient, however, would favor a be-
nign course. The patient is expected
to have a good prognosis, since the
lesion was excised en bloc. A lengthy
follow-up will be needed to deter-
mine the final outcome.
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