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Abstract For just over 100 years,
adamantinoma has been recognized
as a primary bone tumor with epithe-
lial characteristics and predominant-
ly involving the tibia. Osteofibrous
dysplasia is a fibro-osseous lesion
also predominantly confined to the
tibia with radiologic features similar
to those of adamantinoma. This le-
sion has been shown by immunohis-
tochemical studies to frequently con-
tain cytokeratin-positive epithelial
cells. More recently, a third group of
cases with clinical and radiologic
features similar to those of osteofi-
brous dysplasia have demonstrated
more overt strands of epithelial cells
within a fibro-osseous background
and have been categorized as “differ-
entiated”, “regressive”, “juvenile in-
tracortical” or “osteofibrous dyspla-

sia-like” adamantinoma. Cytokeratin
subset immunohistochemical stains
and cytogenetic studies performed in
recent years suggest a common his-
togenesis for these three entities.
This article reviews the clinical, ra-
diologic and pathologic features of
these entities as well as their prog-
nostic significance. It also reviews
the results of the immunohistochemi-
cal and cytogenetic studies which es-
tablish a common histogenetic rela-
tionship.
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Introduction

Definitions

Adamantinoma is a low-grade malignant epithelial neo-
plasm of uncertain embryogenesis with a strong predi-
lection for involvement of the mid-shaft of the tibia with
or without involvement of the fibula. A stromal compo-
nent with a fibrous dysplasia-like appearance is present
in many cases.

Osteofibrous dysplasia (ossifying fibroma) is a benign
deformity-inducing fibro-osseous lesion occurring in child-
hood with a strong predilection for involvement of the
mid-shaft of the tibia with or without involvement of the
fibula. Immunohistochemical studies demonstrate single or
strands of keratin-positive cells in a majority of cases.

Differentiated adamantinoma (regressing, juvenile in-
tracortical, osteofibrous dysplasia-like adamantinoma) is
a deformity-inducing fibro-osseous lesion occurring in
childhood with a strong predilection for involvement of
the mid-shaft of the tibia with or without involvement of
the fibula. Strands of epithelial cells are present within
the stroma and readily identifiable in routine hematoxy-
lin and eosin stained sections.

As can be inferred from the above definitions, a prob-
able histogenetic relationship exists between the three
entities. Indeed, the only apparent difference between os-
teofibrous dysplasia (OFD) and differentiated adamanti-
noma is the presence of an epithelial component readily
identifiable on routine hematoxylin and eosin stained
sections and their identification only by immunohisto-
chemical means in about 80% of osteofibrous dysplasia
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lesions. Cytogenetic studies have also demonstrated sim-
ilar alterations in the two lesions. It would thus appear
that OFD and differentiated adamantinoma represent a
single pathogenetic process and that they exhibit only a
quantitative difference in their epithelial content. There
are only few isolated case reports of malignant behavior
relating to either of these entities but the number of cases
and length of follow-up is limited. Classic adamantino-
ma occurs over a wider age spectrum and behaves in a
malignant fashion. However, some cases have a fibro-os-
seous component resembling OFD and even exhibit sim-
ilar cytogenetic alterations also suggesting a histogenetic
identity between adamantinoma, OFD and differentiated
adamantinoma.

Adamantinoma

History

The first case of a primary bone tumor with epithelial
characteristics is attributed to Maier [1] in 1900. In 1913,
Fischer [2] provided the first detailed description and
named the lesion “primary adamantinoma of the tibia”
because of its striking histologic resemblance to the jaw
adamantinoma (ameloblastoma). In 1951, Schulenberg
[3] suggested a unifying histogenetic concept for the
gnathic ameloblastoma, pituitary adamantinoma and ada-
mantinomas of the appendicular skeleton.

Incidence

Adamantinomas constitute only 0.1–0.5% of all malig-
nant bone tumors [4]. There is a wide age spectrum but
young adults are most frequently affected. The mean age
at presentation is about 30 years with only about 3% of
patients younger than 10 years. Some series report a
slight male preponderance. A striking feature of this neo-
plasm is its predilection for involvement of the mid-shaft
of the tibia, which accounts for about 85% of all cases.
Synchronous involvement of tibia and fibula occurs in
about 10% of all cases. Isolated case reports document
involvement of ulna, femur, humerus, radius, rib, ischi-
um, tarsal, metatarsal and capitate [5, 6]. There are also
reports of extraskeletal pretibial soft tissue involvement
[7, 8].

Clinical features

Swelling with or without pain is the usual presenting fea-
ture. The lesion may cause a pathologic fracture. A his-
tory of significant trauma has been noted in about 60%
of 200 cases reviewed by Moon and Mori [5]. There
have been two case reports of paraneoplastic hypercalce-

mia associated with tibial adamantinoma and pulmonary
metastasis [9, 10].

Radiologic features

The typical mid-diaphyseal tibial lesion is osteolytic, ec-
centric, expansile and medullary in location. It is com-
prised of multifocal radiolucencies surrounded by ring-
shaped densities producing the characteristic “soap-bub-
ble” appearance (Figs. 1, 2, 3). The entire lesion may
have a prominent sclerotic margin indicative of slow
growth. The lesion is longitudinally oriented with an av-
erage length in one series of 11.0 cm [11]. The expansile
element tends to involve the anterior tibial surface and
the lesion may produce a bowing deformity of the tibia.
The periosteal reaction is variable from minimal to
prominent. In about 15% of cases, there is extracortical
extension into soft tissues. Additional CT and MRI stud-
ies are of limited diagnostic value but are helpful in as-
sessing the extent and invasiveness of the lesion
(Figs. 2B, 3B) [12].

246

Fig. 1 Adamantinoma. Osteolytic, eccentric, expansile lesion in-
volving the cortex and medulla of the proximal third of the diaph-
ysis of the tibia. Note the multiple radiolucencies surrounded by
ring-shaped densities producing the characteristic “soap-bubble”
appearance



Histogenesis

Immunohistochemical and ultrastructural studies have
clearly established the neoplasm to be of epithelial deri-
vation [13]. The origin of these epithelial cells remains
an enigma. To date there have been no new theories to
supplement those proposed by Fischer [2] in 1913 and
Ryrie [14] in 1932. Fischer believed that the tumor origi-
nates from misplaced embryonic rests, whereas Ryrie
suggested an origin from traumatic implantation of fetal
basal cells resulting from the extreme flexed position of
the fetus in utero and the intimate contact of the fetal

head with the anterior tibial surface. The frequent history
of significant trauma is of interest in regard to the possi-
ble traumatic implantation theory. However, this theory
would fail to explain the occurrence of the lesion in
bones other than the tibia.

Microscopic features

The neoplasm is comprised of epithelial cells surrounded
by a fibrous stroma. In some cases the stroma contains
woven bone spicules rimmed by osteoblasts resembling

247

Fig. 2 A Adamantinoma. This osteolytic lesion is primarily corti-
cal-based and has a well-defined sclerotic margin on its inner as-
pect. B Adamantinoma. The corresponding CT scan shows com-
plete cortical disruption

Fig. 3 A. Adamantinoma. Osteolytic lesion with less well defined
margins involving both cortex and medulla. B Adamantinoma. CT
scan showing cortical disruption, involvement of the medullary
canal and soft tissue extension. (Courtesy of Dr. Howard Dorf-
man, Bronx, N.Y.)
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Fig. 4 Adamantinoma. Tubular variant. Anastomosing and
branching cords of epithelial cells with central gland-like spaces
resulting from loss of cellular cohesion. (Courtesy of Dr. Howard
Dorfman, Bronx, N.Y.)

Fig. 5 Adamantinoma. Basaloid variant. Nests of epithelial cells
resembling those of a basal cell carcinoma. (Courtesy of Dr.
Howard Dorfman, Bronx, N.Y.)

Fig. 6 A Adamantinoma.
Squamous variant. Nests of
squamous cells surrounded by
a loose-textured fibrous stroma.
Inset shows a nest of squamous
cells at higher magnification.
This lesion was diagnosed at
age 40 years but a radiologic
abnormality had been present
from age 15 years. B Adaman-
tinoma. Unusual pattern of
poorly differentiated malignant
neoplasm composed of nests of
polygonal epithelial-type cells
and spindle-shaped cells resem-
bling a synovial sarcoma. This
section was taken from a soft
tissue mass adjacent to the os-
seous lesion shown in A and
probably represents dedifferen-
tiation of the depicted adaman-
tinoma. (Courtesy of Dr. Peter
Bullough, Manhattan, N.Y.)



OFD. Based on the pattern of the epithelial cell compo-
nent and the presence or absence of the OFD-like ele-
ment, several histologic variants have been described.
The most frequent is the tubular variant in which narrow
cords of epithelial cells form branching and anastomo-
sing structures. A central gland-like space produces the
tubular appearance and probably results from loss of cel-
lular cohesion rather than true gland formation (Fig. 4).
A basaloid variant resembles basal cell carcinoma with
pallisading of its peripheral layer (Fig. 5). The squamous
variant resembles a well-differentiated squamous carci-
noma and may exhibit keratinization or cell separation
may result in formation of the stellate reticulum pattern
seen commonly in gnathic ameloblastoma (Figs. 6, 7, 8).
There are frequently overlapping patterns between these
variants in individual cases. The spindle cell variant is
the most difficult to recognize as the spindle-shaped neo-
plastic epithelial cells may be difficult to distinguish
from the mesenchymal cells and may produce patterns
resembling those of mesenchymal neoplasms, namely,
storiform, fascicular and “herring bone”. A clue to their
identification is their tendency to outline cleft-like or tu-
bule-like spaces (Fig. 9). The osteofibrous dysplasia-like
variant is usually composed of scant strands and single
epithelial cells within a lesion otherwise indistinguish-
able from OFD. The relationship between this variant

and OFD will be elaborated on in the sections dealing
with OFD and differentiated adamantinoma. The least
common variant has been described as Ewing’s-like ada-
mantinoma or adamantinoma-like Ewing’s and is com-
posed of anastomosing cords of small, uniform, round
cells set in a myxoid stroma (Fig. 10). These cells have
been shown by ultrastructural examination to exhibit fea-
tures of both epithelial cells (namely well-formed des-
mosomes) and neuroendocrine cells (namely dense core
granules and glycogen aggregates) [15, 16]. Immunohis-
tochemical studies have shown the tumor cells to contain
both epithelial and neural antigens including the Ewing’s
sarcoma-related antigen O13 [17]. Bridge et al. [18] re-
cently documented three similar cases in which cytoge-
netic analysis demonstrated the presence of an 11;22
translocation in the nuclei of cytokeratin-immunoreac-
tive cells, and therefore considered the tumors to be vari-
ants of Ewing’s sarcoma rather than Ewing-like adaman-
tinoma. They termed the lesion “adamantinoma-like Ew-
ing’s sarcoma”. Further support for this interpretation is
the result of an investigation of 14 cases of adamantino-
ma for T (11;22) and T (21;22) by reverse transcription
polymerase chain reaction (RT-PCR). These transloca-
tions were found in cases of Ewing’s sarcoma but not in
any of the adamantinomas studied [19].
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Fig. 7 Adamantinoma. Squamous variant. Cell separation has re-
sulted in formation of the stellate reticulum identical to that seen
in gnathic ameloblastoma (adamantinoma) and in craniopharyngi-
oma. (Courtesy of Dr. Howard Dorfman, Bronx, N.Y.)

Fig. 8 Adamantinoma. Unusual squamous variant. In this unusual
squamous variant, the squamous cells are distributed as isolated
single cells in a loose-textured fibrous stroma. These cells are
rounded with intensely staining, brightly eosinophilic cytoplasm
(arrows)



Cytopathology

A cytopathologic diagnosis of a primary lesion based on
tissue obtained from a fine needle aspirate is possible. It
requires a knowledge of compatible clinical and radio-
logic features. The cellular population includes large or
small polygonal epithelial-type cells admixed with a
population of bland spindle-shaped cells, the latter de-
rived from the stromal component [20]. Confirmation of
the epithelial and mesenchymal nature of the two cell
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Fig. 9 A Adamantinoma. Spin-
dle cell variant. Histologically
this tumor resembles a sarcoma
and may be so misdiagnosed.
B Adamantinoma. Spindle cell
variant. Within the lesion de-
picted in A, note the presence
of cleft-like spaces lined by a
single layer of neoplastic cells
and separated by bands of col-
lagenous tissue. (Courtesy of
Dr. Howard Dorfman, Bronx,
N.Y.)

Fig. 10 A Adamantinoma-like Ewing’s sarcoma. Lytic lesion in-
volving the head of the radius. B “Adamantinoma-like Ewing’s
sarcoma”. Cords and nests of small, fairly uniform polygonal
cells. C “Adamantinoma-like Ewing’s sarcoma”. Soft tissue recur-
rence developed 19 years after resection of the radial head. Histo-
logically, the cells are similar to those in the initial resection but in
areas (inset) show greater pleomorphism. (Courtesy Dr. German
Steiner, New York, NY)



types requires immunohistochemical studies. In stromal-
rich lesions such as the osteofibrous dysplasia-like vari-
ant, the epithelial cell component may be sparse or even
absent in the aspirate, precluding the possibility of a de-
finitive diagnosis. The diagnosis of pulmonary metastat-
ic adamantinomas is also possible based on the cytomor-
phologic criteria described above, but would also require
a knowledge of the prior history of an adamantinoma
and especially such a history in the more distant past as
metastatic disease may be delayed for many years [21,
22].

Electron microscopy

While some of the initial electron microscopic studies of
adamantinomas suggested an endothelial or synovial ori-
gin for the neoplasm [23, 24], all subsequent studies
demonstrated the presence of epithelial cells with tono-
filament-desmosome complexes and stromal mesenchy-
mal cells, clearly establishing an epithelial histogenesis
[25, 26, 27, 28].

Immunohistochemical and cytogenetic studies

The initial immunohistochemical studies showed strong
positive staining of the neoplastic cells with pan-cytoker-
atin antibody, confirming the epithelial histogenesis [13,
28, 29]. Recent studies by Hazelbag et al. [30] utilizing
antibodies to cytokeratin subtypes have demonstrated an
immunoprofile that differs from that of other bone and
soft tissue neoplasms with known epithelial characteris-
tics, namely synovial sarcoma, chordoma and epithelioid
sarcoma, which exhibit immunoreactivity for keratins 8
and 18. By contrast, all adamantinomas studied, irrespec-
tive of histologic subtype, showed uniform positivity for
keratins 14 and 19, 74% showed positivity for keratin 5
and 50% positivity for keratin 17. These findings suggest
a histogenesis from basal epithelial type cells. Bovee et
al. [31] examined the relationship between the epithelial
and the stromal components of adamantinomas by com-
paring the immunohistochemical expression of the pro-
liferation marker Ki-67, epidermal growth factor and
epidermal growth factor receptor and fibroblast growth
factor type 2 in the two cell populations. These antigenic
factors were present either exclusively or predominantly
in the epithelial component, suggesting that the epithelial
component constitutes the primary proliferating neoplas-
tic cell population that is able to stimulate a reactive fi-
brous growth. Additional studies by Hazelbag et al. [32]
utilizing DNA flow cytometry and p53 immunohisto-
chemistry demonstrated aneuploidy and significant p53
immunoreactivity only in nuclei of cells of epithelial
phenotype. Furthermore, in several cases with pulmona-
ry metastasis, only cytokeratin-positive epithelial cells

and not the osteofibrous stromal component were detect-
ed in the metastatic lesions. Cytogenetic studies of ada-
mantinomas have demonstrated trisomies in chromo-
somes 7, 8, 12, 19 and 21 [33, 34, 35].

Therapy and prognosis

As a consequence of the rarity of the tumor, many of the
published reports relate to small numbers of cases and
isolated case reports. The larger series are derived from
major cancer centers or national tumor registries. Ad-
mantinomas have a propensity to both local recurrence
and metastatic disease, predominantly to the lung. Most
authors have stressed the need for long-term follow-up
as the mean duration to local recurrence may be as long
as 7 years and metastases have been documented as oc-
curring up to 27 years following diagnosis [36]. The
largest series of 85 cases from the Mayo Clinic docu-
mented a 31% local recurrence rate, a 15% rate of pul-
monary metastasis and a 13% mortality rate [37]. Twen-
ty-eight patients followed up for a mean period of
10 years from the University of Leiden and the Nether-
lands Tumor Registry exhibited a 32% local recurrence
rate after a mean period of 7 years, a 29% metastatic rate
and a 25% mortality rate [38]. The most recently docu-
mented series involves 70 patients treated at 23 different
cancer centers in Europe and North America, between
1982 and 1992 and with a median follow-up of 7 years
[39]. Over 90% of these patients were treated by wide,
local, limb-sparing resections. The local recurrence rate
was 19% and the mortality rate 13%. These results indi-
cate that wide local resection with reconstructive surgery
is the treatment of choice, with results at least as good as
those following amputation. Radiotherapy and chemo-
therapy have not been shown to be effective modalities
of treatment.

Osteofibrous dysplasia and differentiated 
adamantinoma

Osteofibrous dysplasia (OFD) was well categorized by
Campanacci in 1976 [40]. In 1966, Kempson [41]
termed the lesion “ossifying fibroma”. In 1973, Johnson
[42] used the terminology “congenital pseudoarthrosis”
and in 1975 Semian et al. [43] coined the term “congeni-
tal fibrous defect”. In 1981, Campanacci and Laus [44]
reported 35 patients from their institution and reviewed
22 additional cases reported in the literature. OFD is a fi-
bro-osseous process with a predilection for the diaphysis
of the tibia. In the series of 80 cases reported by Park et
al. [45], 77 involved the tibia and three the fibula. In
nine of the cases, both tibia and fibula were involved on
the ipsilateral side. Other reported sites of involvement
are the ulna and the radius. The lesion occurs most fre-
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quently in children under the age of 10 years. The clini-
cal presentation is one of pain and swelling. The tibia
may be bowed and pseudoarthrosis may develop. Radio-
logically, it first manifests as an intra-cortical, radiolu-
cent, fairly well marginated lesion with marginal sclero-
sis and it may have a “ground-glass” appearance
(Figs. 11, 12). The radiologic differential diagnoses in-

clude osteoid osteoma, Brodie’s abscess, osteoblastoma,
osteosarcoma and adamantinoma. Histologically, the le-
sion bears a superficial resemblance to fibrous dysplasia,
being composed of variably shaped spicules of woven
bone separated by a fibrovascular stroma. However, it
differs from fibrous dysplasia in that the woven bone
spicules are surrounded by a uniform rim of plump, po-
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Fig. 11A–D Osteofibrous dys-
plasia. Plain radiographs of
cases of osteofibrous dysplasia.
They are predominantly or ex-
clusively cortical-based radio-
lucent lesions. In A–C, the le-
sions are well marginated. In
D, the lesion is multilocular
and has resulted in prominent
cortical bowing. (B and D
courtesy of Dr. Michael Klein,
Manhattan, N.Y., and C courte-
sy of Dr. Peter Bullough, 
Manhattan, N.Y.)



lygonal osteoblasts (Fig. 13). Furthermore, the lesion ex-
hibits a zonal phenomenon with maturation of woven
bone to bone with a lamellar configuration at the periph-
ery of the lesion. Based on the follow-up data from the
two largest series of cases, from the Rizzoli Institute in

Milan and the Mayo Clinic, the process appears to un-
dergo spontaneous regression at puberty [44, 45]. How-
ever, there is a local recurrence rate of about 25% fol-
lowing curettage or local resection, so that the authors of
these series recommended delay in surgery until after pu-
berty and only for extensive lesions. In none of these
cases was there evidence of progression to an adamanti-
noma.

However, a possible histogenetic relationship between
OFD and adamantinoma has been suggested as a result of
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Fig. 12A, B Osteofibrous 
dysplasia. MRI and CT scan
demonstrating a lesion con-
fined to the cortex but involv-
ing a considerable length 
of the diaphysis

Fig. 13A–C Osteofibrous dysplasia. Branching and anastomosing
trabeculae of woven bone rimmed by a uniform layer of polygonal
osteoblastic cells and separated by moderately cellular fibrovascu-
lar stroma



the frequent demonstration of scattered, isolated cytokera-
tin-positive cells within the fibrovascular stroma of OFD,
although these cells are usually not identifiable in routine
hematoxylin and eosin stained sections. In a personal re-
view of several series of immunohistochemical studies of
OFD, cytokeratin-positive cells were identified in 80% of
85 cases (Table 1) [45, 46, 47, 48, 49]. This author has re-
cently examined a case of OFD in which scattered, isolat-
ed cytokeratin-positive cells were clearly identifiable as
mast cells and not epithelial cells in corresponding hema-
toxylin and eosin and Giemsa stained preparations
(Fig. 14). This observation raises a concern regarding the
histogenesis of all isolated cytokeratin-positive cells in
previous studies. OFD of long bones should not be con-
fused with the entity gnathic ossifying fibroma. Histologi-
cally, this jaw lesion resembles OFD but it is usually a

well-circumscribed mass that can be shelled out from the
surrounding bone and is considered to be a benign neo-
plasm. In an immunohistochemical study of eight cases of
gnathic juvenile ossifying fibroma by Williams et al. [50]
no cytokeratin-positive cells could be identified.

In a number of recently reported cases otherwise re-
sembling OFD in young children, the presence of epithe-
lial cells forming small nests or strands recognizable in
routine hematoxylin stained sections has been identified
(Figs. 15, 16, 17). These lesions have been designated as
“differentiated”, “regressive”, “juvenile intracortical” or
“osteofibrous dysplasia-like” adamantinomas [38, 48,
51, 52]. The follow-up information on these cases is lim-
ited but based on a review of the literature and personal
communication with several of the authors of the larger
series of cases, the overwhelming majority have pursued
a benign course. However, there are a few well-docu-
mented cases in which patients initially diagnosed with
OFD or juvenile adamantinoma have developed full-
blown classic adamantinoma. In some instances this ap-
parent evolution might be explained by inadequate curet-
tage or sampling of the curetted material so that the more
classic pattern of adamantinoma was missed [53, 54].
Hazelbag et al. [38] documented the occurrence of a
thoroughly curetted lesion from a 13-year-old girl which
showed features of OFD or juvenile adamantinoma with
inconspicuous cytokeratin-positive cells occurring singly
and in small aggregates in both the original surgical
specimen and a recurrence which developed 3 years la-
ter. Five years later, the lesion had evolved into a classic
spindle cell adamantinoma and 10 and a half years later,
she developed pulmonary metastases. They reported a
second lesion in a 16-year-old boy which was thoroughly
curetted and showed features of OFD with isolated cyto-
keratin-positive cells. About 5 years later, the lesion had
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Fig. 14A–C Osteofibrous dysplasia. Typical pattern of woven
bone rimmed by polygonal osteoblasts. B demonstrates individual
cytokeratin-positive cells in the stroma (arrows). However, careful
examination of these cells in the hematoxylin-eosin stained sec-
tion in C and in the Giemsa stained section in the inset to C shows
the cytokeratin-positive cells to be mast cells

Table 1 Osteofibrous dysplasia: frequency of cytokeratin-positive
single cells

Authors No. positive % positive No. of cases

Sweet et al. [46] 28 93 30
Ueda et al. [47] 10 77 13
Ishida et al. [48] 10 83 12
Park et al. [46] 2 33 6
Benassi et al. [49] 18 75 24
Total 68 80 85



evolved into a classic spindle cell adamantinoma.
Schneider and Enderle [55] reported a case of a lesion
involving the tibia and fibula of a 10-year-old girl with
histologic features that would be consistent with a juve-
nile adamantinoma. The patient developed pulmonary
metastases and died 17 years later. Johnson [42] reported

the case of an adult who developed an adamantinoma
and who had had tibial bowing of the involved bone
since infancy. Unni et al. [56] documented the occur-
rence of a tibial adamantinoma in a 35-year-old man who
had had a biopsy of the lesion 16 years previously which
showed features of OFD.
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Fig. 15 A Differentiated 
adamantinoma. Plain radio-
graph showing an intracortical
radiolucent lesion involving 
the mid-shaft of the tibia. 
(Courtesy of Dr. Michael
Klein, Manhattan, NY).
B Differentiated adamantino-
ma. In this example from a 
6-year-old girl, a sclerotic le-
sion involving the cortex in the
mid-diaphyseal region had ini-
tially been interpreted radiolog-
ically as an osteoid osteoma
and biopsied. However, the le-
sion progressed over the next
few months and showed proxi-
mal extension as seen in this
radiograph

Fig. 16 A Differentiated ada-
mantinoma. At low magnifica-
tion of this fibro-osseous lesion
from the tibia, the stromal ele-
ment appears to be devoid of
epithelial structures. B Howev-
er, at higher magnification,
nests of cells suggestive of
primitive epithelial cell clusters
are seen (arrows). Their epithe-
lial origin was confirmed by
immunohistochemistry. Same
case as Fig. 15A



The above observations have led several investiga-
tors to examine cases of OFD, juvenile adamantinoma
and classical adamantinoma for cytokeratin subsets
and, cytogenetically, to assess the presence or absence
of any homologies. Benassi et al. [49] demonstrated
strong cytokeratin (CK)19 expression in both adamanti-
noma and OFD and negativity for CK8 and CK18.
Maki et al. [57] reported similar findings as well as a

high incidence of CK1 positivity, a basal cell pheno-
type, in both entities. Cytogenetic studies of a small
number of cases of OFD and adamantinoma have dem-
onstrated trisomies 7, 8 and 12 in both entities [33, 34].
As noted previously, Bovee et al. [31] demonstrated
that epidermal and fibroblast growth factor type 2, and
their receptors, were present exclusively or predomi-
nantly in the epithelial components of classic adamanti-
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Fig. 17A, B Differentiated ad-
amantinoma. Histologic fea-
tures appear typical of osteofi-
brous dysplasia with woven
bone spicules rimmed by po-
lygonal osteoblastic cells set 
in a fibro-vascular stroma.
C, D Differentiated adamanti-
noma. In C, subtle nests of
plump “stromal-type” cells
raised the possibility of epithe-
lial differentiation. This was
confirmed by the positive cyto-
keratin staining demonstrated
in a serial section in D (arrows)



noma. They also found that these factors and their re-
ceptors were expressed in OFD but were more intensely
expressed and expressed in a higher percentage of cells
in classic adamantinoma.

On the basis of the clinical, immunohistochemical
and cytogenetics studies, a common histogenesis for
OFD, juvenile adamantinoma and classic adamantinoma
seems likely. Some authors have chosen to include le-
sions of OFD with identifiable cytokeratin-positive cells
under the rubric “osteofibroma dysplasia-like variant of
adamantinoma” [38].

In any event, such lesions, with a few notable excep-
tions as described above, have exhibited a relatively in-
dolent course compared with the classical adamantinoma
variants. It has been suggested that in such cases the fi-
brous element represents a reparative phenomenon asso-
ciated with regression of the neoplastic epithelial cells. If
this is indeed the case, this would be another example of
spontaneous resolution of a potentially malignant tumor

such as has been documented with spontaneous resolu-
tion of melanoma and other malignancies [51, 52].

Conclusion

Adamantinoma, OFD and differentiated adamantinoma
are histogenetically closely related lesions in which the
epithelial cell components exhibit similar cytokeratin
immunoprofiles and cytogenetic aberrations. However,
the prognosis for classic adamantinoma is much less fa-
vorable than that for cases of OFD and differentiated ad-
amantinoma. Consequently treatment of patients with a
diagnosis of OFD or differentiated adamantinoma tends
to be conservative while patients with classic adamanti-
noma are treated more aggressively. It is recommended
that surgery for OFD and differentiated adamantinoma
be delayed until after puberty and then only for extensive
or deforming lesions.
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