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HATORI, M., WATANABE, M., HOSAKA, M., SASANO, H., NARITA, M. and KOKUBUN, S.  
A Classic Adamantinoma Arising from Osteofibrous Dysplasia-like Adamantinoma in the 
Lower Leg: A Case Report and Review of the Literature.  Tohoku J. Exp. Med., 2006, 
209 (1), 53-59 ── Adamantinoma is known as a low-grade malignant biphasic tumor.  
Classic adamantinoma is in general characterized by admixture of both epithelial and 
osteofibrous components that are associated with various proportions and differentiation 
patterns.  Osteofibrous dysplasia (OFD) is a self-limited benign fibro-osseous lesion of 
bone during infancy and childhood.  OFD-like adamantinoma is characterized by predomi-
nance of osteofibrous tissues, in which small groups of epithelial cells are only detected by 
careful search or immunohistochemistry.  There have been controversies as to the potential 
correlation among OFD, OFD-like adamantinoma and classic adamantinoma.  We report 
an unusual case of adamantinoma arising in the tibia, with an extensive review of the liter-
ature.  The present findings suggest a direct correlation between OFD-like adamantinoma 
and classic adamantinoma.  At the age of 12 years, the tibial biopsy lesion was diagnosed 
as OFD.  At the age of 23, the lesion became larger and more destructive on X-ray films.  
The biopsy lesion was diagnosed as classic adamantinoma.  Wide excision was performed.  
The primary lesion was retrospectively diagnosed as OFD-like adamantinoma because of 
presence of keratin-positive epithelial cells within the stroma.  At five years after surgery, 
the patient was free from recurrence or metastasis.  The retrospective histological findings 
of OFD-like adamantinoma in the original biopsy and of a classic adamantinoma in all sec-
tions of the later resection specimen raised the possibility of an unusual progression of 
OFD-like adamantinoma to a classic adamantinoma.  The present case and the literature 
review suggest that an OFD-like adamantinoma may be a precursor lesion of classic ada-
mantinoma.  Therefore, the possibility of progression of OFD-like adamantinoma to a clas-
sic adamantinoma should be kept in mind, particularly when the destructive changes are 
seen radiologically. ──── adamantinoma; osteofibrous dysplasia; osteofibrous dysplasia-
like adamantinoma; classic adamantinoma; tibia 
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Adamantinoma is a low grade, malignant 
biphasic tumor characterized by a variety of mor-
phological patterns, most commonly epithelial 
cells, surrounded by a relatively bland spindle-
cell osteofibrous component (Hogendoorn and 
Hashimoto 2002).  It comprises about 0.4% of all 
primary bone tumors (Huvos 1991).  Classic ada-
mantinomas are characterized by an admixture of 
both epithelial and osteofibrous components, 
which may be intermingled with each other in 
various proportions and differentiation pattern.  
Osteofibrous dysplasia (OFD) is a self-limited 
benign fibro-osseous lesion of bone during infan-
cy and childhood (Vigorita et al. 2002).  OFD-like 
adamantinoma is characterized by predominance 
of osteofibrous tissues, in which small groups of 
epithelial cells are only encountered by careful 
light microscopic examination or immunohisto-
chemistry (Hogendoorn and Hashimoto 2002).  
In view of the still disputed potential correlation 
between classic adamantinoma and OFD-like ada-
mantinoma in children, a very unique case of ada-
mantinoma, indicating a direct relationship 
between the two lesions, is presented here with a 
review of the literature.

CASE REPORT

At the age of 12 years, the patient noticed 
tenderness in her left lower leg after running.  
There was no past history of the trauma in that 
lesion.  Subsequent radiological examination 
revealed a lesion with multiple lucencies with 
intervening sclerosis in the diaphysis of the left 
tibia and the distal metaphysis of the ipsilateral 
fibula.  The cortex was thinned (Fig. 1).  Open 
biopsy was performed.  The lesion was diagnosed 
as OFD.  Removal of the tumor was not per-
formed because her pain disappeared.  At the age 
of 20, swelling appeared in her left proximal low-
er leg.  She visited the surgeon at the age of 23 
due to an aggravation of the pain.  The patient 
was referred to Tohoku University Hospital.  An 8 
× 8 cm sized elastic hard mass was palpated in the 
proximal part of the left lower leg.  Mild local 
heat and tenderness were noted.  Plain radiogra-
phy showed progression of multiple lucencies in 
the tibia.  The lesion was larger and more destruc-

tive as compared with the plain radiogram at the 
age of 12.  The cortex was expanded and thinned 
and partially disrupted with multiple radiolucen-
cies mixed with intervening areas of sclerosis (Fig. 
2).   Computed tomography demonstrated 
extraskeletal growth of the lesion with cortical 
destruction (Fig. 3).  Magnetic resonance imaging 
clearly visualized a tumor with extraskeletal 
growth with iso signal intensities on T1 weighted 
images (Fig. 4) and high signal intensities on T2 
weighted images.  The mass was enhanced after 
gadolinium injection on T1 weighted images.  
Open biopsy was performed again to confirm the 
diagnosis.  Macroscopically, the lesion was com-

Fig. 1.  Plain radiography showing lesions with 
multiple lucencies with intervening sclerosis 
with partially ground glass appearance in the 
diaphysis of the left tibia (large arrow) and the 
distal portion of the ipsilateral fibula (small 
arrow).  The cortex was thinned (A: anteropos-
terior view, B: lateral view).

A                                            B
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prised of soft granular tissue which appeared 
whitish yellow in color.  Microscopically, the 
tumor was composed of prominent epithelial 
islands admixed with intervening stroma.  Spindle 
cell patterns suggesting fibrosarcoma were par-
tially detected.  No OFD patterns were detected 
(Fig. 5).  The tumor cells were positive for AE1/
AE3 (pancytokeratin) (1 :300, DAKO, Glostrup, 
Denmark)(Fig. 6).  The tumor was subsequently 
d i a g n o s e d  a s  c l a s s i c  a d a m a n t i n o m a .   
Retrospective histological examination of the 
primary biopsy specimen taken at the age of 12 
revealed that the lesion was composed of a 

Fig. 2.  Plain radiography showing the cortex was 
expanded and thinned and partially disrupted 
(⇒) with multiple radiolucencies mixed with 
intervening areas of sclerosis.  

　　A: anteroposterior view, B: lateral view.  
　　Large arrow, tibial lesion; small arrow, fibula 

lesion.

A                                            B

Fig. 3.  Computed tomography demonstrating 
extraskeletal growth of the lesion (arrow) with 
cortical destruction.

Fig. 4.  Magnetic resonance imaging clearly visual-
izing a tumor (arrow) with extraskeletal growth 
with iso signal intensities on T1 weighted 
images.
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bland fibrous tissue, embedded small trabeculae 
of woven bones rimmed by prominent cubic 
osteoblasts.   The fibrous component had 
delicate or coarse collagen fibers (Fig. 7).  
Immunohistochemical examination performed at 
this time demonstrated isolated keratin-positive 
epithelial cells within the stroma (Fig. 8).  The 
lesion at the age of 12 was therefore retrospec-
tively diagnosed as OFD-like adamantinoma.

Wide excision by using endoprostheis and 
ipsilateral vascularized fibula transfer was per-
formed as a curative surgery.  Postoperative histo-
logical examination demonstrated classic adaman-
tinoma.  No OFD like pattern was detected.  At 
five years after surgery, the patient was free from 
recurrence or pulmonary metastasis.

Fig. 5.  Microphotographs of the biopsy specimen at the age of 23.  The tumor was composed of promi-
nent epithelial islands (☆) with intervening stroma (★)(A) and spindle cell proliferation with inter-
lacing fascicles (☆).  Mitosis was seen (arrow) (B) (Scale 100 μ ).

               A                                                                    B

Fig. 6.  Microphotograph showing that the tumor 
cells (☆) were positive for AE1/AE3 (pancy-
tokeratin).  The intervening stromal cells were 
not reactive for AE1/AE3. (Scale 100 μ ).

Fig. 7.  Microphotograph at the age of 13, showing that the lesion was composed of a bland fibrous tissue 
(★), embedded small trabeculae of woven bones (☆) rimmed by prominent cubic osteoblasts (black 
arrow).  Small epithelial cluster (white arrow) was seen in the fibrous stroma. (A: × 10, B: × 40) 
(Scale 100 μ ).

               A                                                                    B
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DISCUSSION

Histological features of Adamantinoma and 
osteofibrous dysplasia

Adamantinoma has been recognized as a 
primary bone tumor with epithelial characteristics 
and  predominant ly  involv ing  the  t ib ia .   
Adamantinoma of the tibia can be associated with 
fibrous dysplasia (FD) or OFD-like areas.  These 
areas may be predominant in some adamantino-
mas (Unni 1996).  OFD is a rare condition, which 
was first described by Campanacci (1976).  It 
most commonly affects the tibia followed by the 
fibula.  Histologically, OFD is characterized by an 
osteofibrous stroma replacing normal bone, 
showing trabeculae which, unlike in FD, are 
surrounded by a regular rim of prominent cubic 
osteoblasts, mature lamellar bone and zonal 
segmentation with newly formed trabeculae most-
ly in the cortical region (Campanacci 1976) with 
radiological features similar to those of adamanti-
noma (Unni 1996; Kahn 2003).

Correlation between Adamantinoma and osteofi-
brous dysplasia I

Several studies proposed a possible correla-
tion between adamantinoma and OFD.  Some 
cases of OFD have been demonstrated by immu-
nohistochemical studies to contain cytokeratin-
positive epithelial cells (Kahn 2003).  In OFD, 

however, the epithelial-like component was much 
smaller than in adamantinoma and was composed 
of a few cells positive for cytokeratin (Benassi et 
al. 1994).  Park et al. (1993) reviewed the clinical, 
radiological, and histological features of 80 cases 
of long bone OFD.  Of the six cases of OFD 
immunostained with a cytokeratin antibody, two 
were cytokeratin positive.  Certain overlapping 
clinical features and the morphologic similarities 
of many areas of OFD and adamantinoma suggest 
a more than coincidental association between 
OFD and adamantinoma (Sweet et al.1992).  
Evidence for the potential correlation between 
these two tumors is based on their similar histo-
logical features, immunohistochemical findings, 
the similar clonal abnormalities, overlapping skel-
etal distribution, and simultaneous occurrence in 
the tibia and fibula (Sherman et al. 2003).  Results 
of these studies suggest that OFD and adamanti-
noma may be closely related lesions (Unni 1996).

Correlation between Adamantinoma and osteofi-
brous dysplasia II

OFD has been considered either a regressive 
form of adamantinoma (Czemiak et al. 1989; 
Ueda et al. 1992) or as a form that has the poten-
tial to progress to adamantinoma (Bridge et al. 
1994; Maki and Athanasou 2004).  Maki and 
Athanasou (2004) analyzed the expression of sev-
eral proto-oncogene products and extracellular 
matrix proteins by immunohistochemistry and 
correlated the results with histological and ultra-
structural findings to investigate the correlation 
between OFD and adamantinoma.  These findings 
may be consistent with the hypothesis that OFD 
represents a precursor lesion of adamantinoma.  
However, Ueda et al. (1992) also reported that no 
case of OFDs progressed to classic adamantinoma 
in their 13 cases.  Sweet et al. (1992) emphasized 
that to date none of the 30 cases of OFD evaluated 
in their study has developed an adamantinoma.  
Park et al. (1993) also reported that adamantino-
ma has not developed in any of their 41 cases of 
OFD.  Two large studies of OFD, one from Mayo 
Clinic and one from the American Forces Institute 
of Pathology, did not identify a single case which 
progressed from OFD to adamantinoma.  The cor-

Fig. 8.  Microphotograph demonstrating isolated 
keratin-positive epithelial cells (arrow) within 
the stroma. (Scale 100 μ ).
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relation between OFD and adamantinoma, if any, 
is therefore still totally unclear (Unni 1996).

“Osteofibrous dysplasia-like” adamantinoma
More recently, a third group of cases with 

clinical and radiological features similar to those 
of OFD has been proposed and this group of the 
lesion is associated with more overt strands of 
epithelial cells within a fibro-osseous background 
and have been categorized as “differentiated,” 
“regressive,” “juvenile intracortical” or “osteofi-
brous dysplasia-like” adamantinoma (Kahn 2003).  
Czerniak et al. (1989) in proposing a different 
correlation between OFD and adamantinoma, 
suggesting that adamantinoma can be divided into 
two distinct groups.  The first group is the classic 
adamantinoma that involves the cortex and 
medulla of the tibia and usually occurs in young 
adults.  The second group, termed differentiated 
adamantinoma, tends to involve children.  The 
lesion is generally well circumscribed and corti-
cal.  These lesions are associated with uniform 
predominance of an OFD-like pattern, and scat-
tered immunoreactivity  of epithelial elements for 
cytokeratin.  Sarisozen et al. (2002) reported a 
case of adamantinoma of the tibia in a 9-year-old 
boy.  Histologically, the lesion was OFD with an 
epithelial component, called “differentiated ada-
mantinoma.”  Kuruvilla and Steiner (1998) 
described five cases of OFD-like adamantinoma 
of the tibia in young patients ranging from ages 4 
1/2 to 14 years.  Radiologically and histologically, 
these cases were indistinguishable from OFD of 
bone, and no epithelial cells were recognized on 
routine staining.  However, epithelial differentia-
tion was detected in the form of scattered keratin-
positive cells in all five cases, and tonofilaments 
in four cases.   Unlike classic adamantinomas, the 
prognosis of OFD like adamantinoma was gener-
ally good.

“Osteofibrous dysplasia-like” adamantinoma 
and classic adamantinoma

There has been extensive speculation about a 
possible relationship between classic adamantino-
ma, OFD-like adamantinoma and OFD, all of 
which originate mainly in the tibial cortex and 

have close radiographic and histological similari-
ties (Sarisozen et al. 2002).  Ishida et al. (1992) 
studied 12 cases of OFD, two cases of OFD-like 
adamantinoma and five cases of classic adamanti-
noma clinicopathologically and immunohisto-
chemically and reported the difference between 
the OFD and OFD-like adamantinoma is that the 
cytokeratin positive cells were scattered in the 
former and were both scattered and nest-like in 
the latter.  The present case is thought to be still 
controversial in diagnosing OFD with a few cells 
positive for keratin or OFD-like adamantinoma.  
In World Health Organization Classification of 
Tumours published in 2002, Vigorita et al. (2002) 
clearly described that a tumor should be defined 
as OFD-like adamantinoma when keratin-positive 
epithelial cells are found.  Accordingly, we diag-
nosed the primary lesion as OFD-like adamanti-
noma because of its radiological findings, pre-
dominant OFD pattern and the existence of small 
net-like cell groups dotted in the stroma positive 
for cytokeratin.  On the basis of the clinical, histo-
logical, immunohistochemical and electron-
microscopical studies, a common histogenesis for 
classic adamantinoma, differentiated adamantino-
ma and osteofibrous dysplasia seems likely 
(Povysil et al. 2004).  These studies suggest that 
there is an overlap or confusing of definition 
among OFD, OFD-like adamantinoma and classic 
adamantinoma and that these three lesions share 
the same histogenetic origin.  However, surpris-
ingly, there have been very few reports to describe 
subsequent progression of OFD-like adamantino-
ma to classic adamantinoma in spite of many con-
jectures that an OFD-like adamantinoma (differ-
entiated adamantinoma) may be the precursor 
lesion of the classic type of adamantinoma 
(Kuruvilla and Steiner 1998; Sarisozen et al. 
2002).  Extensive literature survey reveals only 
two cases reported by Hazelbag et al. (1994); two 
patients who had had a presumed OFD-like ada-
mantinoma, which contained few isolated keratin-
positive epithelial cells within the stroma at the 
time of presentation, had a full-blown adamanti-
noma at the time of the local recurrence.  In both 
cases the initial lesion had been thoroughly curet-
ted so that the possibility that a classic adamanti-
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noma had been present from the inception was 
considered unlikely.  In our case, the initial lesion 
was subjected to biopsy only so that the possibili-
ty that a classic adamantinoma may have been 
present elsewhere in the lesion cannot be entirely 
excluded.  However, the absence of any evidence 
of classic adamantinoma in the original biopsy 
raises the possibility that, in this case, the OFD-
like lesion represents a precursor lesion of classic 
adamantinoma.

CONCLUSION

OFD-like adamantinoma should be ruled out 
in the diagnosis of OFD.  OFD-like adamantino-
ma may be a precursor lesion of classic adamanti-
noma.  Therefore, the possibility of progression of 
OFD-like adamantinoma to a classic adamantino-
ma should also be considered for its treatment.
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