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Abstract

Background: Adamantinoma of long tubular bones is a rare primary malignant bone tumor. According to the literature, different
prognosis and recurrence rates have been reported.
Objectives: The purpose of this case series study was to evaluate the clinical behavior and prognostic features of adamantinoma of
long bones.
Patients and Methods: In this study, 13 histologically proven cases of adamantinoma of long bones which were treated in our
hospital during March 1977 to June 2015 were evaluated. The mean follow-up period was 72 ± 44.4 months. The male:female ratio
was 10:3, aged between 13 and 63 years at the time of diagnosis (mean = 24.8 ± 13.1 years). There was a period between the onset of
disease and definite diagnosis (mean: 17.5 ± 14.7 months). In two cases according to the imaging and clinical symptoms the lesion
seemed to be osteofibrous dysplasia, but during the follow-up, the diagnosis was changed to adamantinoma when open biopsy and
pathologic assessment were performed. In 10 cases the tumor was located in the tibial diaphysis, in two cases the location was the
distal shaft of the femur, and in one case the location was proximal of the humerus. All the cases underwent wide resection and
intercalary or osteoarticular allograft reconstruction as the main surgery after primary incisional biopsy.
Results: In eight cases, at least one local recurrence happened in an average 33.4-month period after the wide resection. In four
of these patients rather than one local recurrence was occurred, but in one patient despite pulmonary metastasis the patient un-
derwent pulmonary lobectomy and was alive at the end of the study. Allograft-related complications happened in five cases (two
infections, one osteoarthritis of ankle, and two allograft fractures). For five patients ultimately recurrence and complication lead to
amputation. Six patients died because of this disease, in all of which pulmonary metastasis occurred. The five-year survival rate in
this study was 69%.
Conclusions: Adamantinoma of long bone is a low-grade malignant tumor; however, wide resection tends to local recurrence and
metastasis to the lung. Recurrence and metastasis can occur many years after surgery and there is a long disease-free period between
the first wide resection and first recurrence and metastasis. This study underlined that despite the low-grade pathologic feature of
this tumor, its behavior is like a high grade sarcoma and it may be better to perform sufficient wide resection at the first surgery
with wide clear margin to reduce the rate of recurrence, but this approach needs to be assessed by prospective studies. According
to clear wide margins for all of our cases, we guess this high interest for recurrence may be due to skip lesions of this tumor along
the affected bone or even in the neighbor bones.
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1. Background

Adamantinoma of the long tubular bones is a rare pri-
mary malignant bone tumor with disputed histogenesis,
first described and named by Fischer in 1913 (1). It accounts
for 0.33% of all malignant bone tumors in the material of
Dahlin and Unni (2) and 0.48% in that of Schajowicz et al.
(3).

The number of cases in case series studies rarely ex-
ceeds 10 - 20 (4-7) with the exception of some multicen-
ter studies (8, 9). In 85% - 90% of cases, the tumor is local-

ized to the tibia firstly on the middle third of the diaphysis,
nonetheless it has also been described in the fibula, ulna,
humerus, femur, and the short bones of the feet (8-12).

2. Objectives

This article reviews the clinical, radiological and prog-
nostic features of this tumor and outcomes of treatments
in some cases based on an average of 72 ± 44.4 months
follow-up.
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3. Patients andMethods

The study protocol was approved by the ethics board
of the institution. A total of 18 cases of adamantinoma of
long bones were treated in our hospital during an 18-year
period from March 1997 to June 2015. In five of these pa-
tients, primary wide resection was performed in other cen-
ters and then they were referred to our hospital because of
local recurrence. These five patients were excluded from
the study. Only those patients in whom wide resection
surgery and other procedures were performed in our hos-
pital were included in the study. For all of the cases, at
first, diagnosis was confirmed by incisional biopsy; then,
main surgery was performed and the bone defect was re-
constructed by fresh frozen allograft. All 13 patients were
treated by wide resection limb sparing surgery without
any adjuvant therapy. Then, the bone defect was recon-
structed by fresh frozen allograft (intercalary for nine cases
and osteoarticular for four), which was fixed by 4.5 mm
plates with at least three screws proximal and distal to the
intercalary allograft and at least four screws beyond the
osteoarticular allograft (Figure 1). Evaluation of the exten-
sion of tumor to the medullary canal and along the bone
was performed by magnetic resonance imaging (MRI) and
the length of the affected bone that needed resection was
defined by coronal and sagittal MRI cuts (Figure 2).

Preoperative evaluation consisting of imaging and lab-
oratory tests was conducted before surgery. Size of the tu-
mor and its location were assessed by plain radiographs,
MRI and technetium-99m bone scan. For all the cases lung
was assessed by chest CT-scan for pulmonary metastasis,
if present. After the main surgery, patients were followed
by plain radiographs of the affected bone and chest every
three months in the first three years and then every six
months in the fourth and fifth years and then annually. If
there was any sign of local recurrence or metastasis, fur-
ther evaluation by intravenous (IV) contrast-enhanced MRI
and chest CT-scan was performed and when the recurrence
of disease was confirmed, radical resection of the tumor
was performed by amputation or secondary limb salvage
surgery.

4. Results

Clinical data of 13 patients are summarized in Ta-
ble 1. Ten patients were male and three were female
(male:female ratio: 10:3). Patients’ ages ranged from 13 to
63 years (mean age = 24.8 ± 13.1 years). In 10 cases the tu-
mor was located in the tibia, in two it was found in the dis-
tal of femoral shaft, and in one case it was located in the
proximal shaft of the humerus. The tibial tumors in four
cases was located in distal third of diaphysis, in three cases

Figure 1. Intercalary Allograft Fixed by Plate and Screws

it was in the proximal third and in three cases the location
was the middle third. There was a period between the on-
set of symptoms and the definite diagnosis. Duration of
the symptom-positive period before diagnosis and treat-
ment was form two months to four years (mean = 17.5 ±
14.7 months). All the patients complained of palpable mass
and in 11 patients the tumor was painful. One of the cases
had pathologic fracture at the time of diagnosis.

For both painless cases, at first, according to the imag-
ing results and clinical symptoms, the lesion seemed to be
osteofibrous dysplasia; then through follow-up, progres-
sion in the size of the tumor needed biopsy, and finally
adamantinoma was diagnosed.

In all the patients, the radiographic feature of the tu-
mor was a multicystic, lytic, eccentric expansile lesion in
the diaphysis of the tibia or femur, which was localized in
the cortex and then affected the medullary canal (Figure 3).
All lytic cysts were surrounded by sclerotic bone which was
best seen by CT-scan (Figure 4). A union between allograft
and host bone was achieved in 12 cases in the first year (for
one patient after 18 months). For four patients, an autoge-
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Table 1. Data of Demographics, Surgical Procedures and Results

Case Age, y Gender (M/F) Time to
Diagnosis,mo

Type of Surgery Location Time to
Recurrence,mo

Location of
Metastasis

Time to
Metastasis

Follow-Up Dead or Alive Survival

1 21 F 12 WR + ICA Rt. distal femur 20 Lung 34 36 Dead 48

2 34 M 12 WR + ICA Lt. distal femur 26 Lung 17 36 Dead 48

3 63 M 24 WR + OAA Lt. distal tibia - - - 200 Alive 224

4 16 F 24 WR + ICA Rt. distal tibia 8 Lung 40 50 Dead 74

5 15 M 8 WR + OAA Lt. proximal tibia 9 Lung 42 48 Dead 56

6 18 M 4 WR + ICA Rt. distal tibia 12 Lung +Lymph
node

32 48 Dead 52

7 15 M 48 WR + ICA Rt. distal tibia 90 - 96 102 Dead 150

8 22 M 36 WR + ICA Lt middle tibia 74 - - 91 Alive 127

9 23 M 6 WR + OAA Lt. proximal tibia - - - 91 Alive 97

10 24 M 6 WR + OAA Lt. proximal tibia - Lung 63 80 Alive 86

11 27 M 36 WR + ICA Rt. Humerus - - - 45 Alive 81

12 32 M 9 WR + ICA Rt. middle tibia 28 - - 51 Alive 60

13 13 F 2 WR + ICA Lt. middle tibia - - - 58 Alive 60

Abbreviations: ICA, intercalary allograft; OAA, osteoarticular allograft; WR, wide resection.

Figure 2. Definition of the Extension of Tumor in the Sagittal Cut of Magnetic Reso-
nance Imaging

nous bone graft from iliac crest was needed because of de-
layed union. After the main surgery, patients were under
close follow-up. In eight cases local recurrence occurred

and the time from the surgery to the first recurrence was
8 to 90 months (mean = 33.4 ± 29.2 months). In seven
cases with local recurrence, pulmonary metastasis finally
occurred and ultimately six of these patients died from
the disease, but one of the patients who had pulmonary
metastasis underwent pulmonary lobectomy and was still
alive approximately three years post-metastasectomy. The
period from the surgery to the diagnosis of pulmonary
metastasis was 17 to 96 months (mean = 46.3± 24 months).
In one case, inguinal lymph node metastasis occurred si-
multaneously with lung metastasis. The follow-up period
for our patients was 36 to 200 months (mean = 72 ± 44.4
months).

Maximum survival was 224 months, in which the pa-
tients is still alive and disease-free. Five-year survival from
the onset of symptoms was 69% (9 of 13 patients) and the fi-
nal survival of the patients at the end of our study was 54%
(7 of 13 patients).

5. Discussion

Several authors have pointed to the close relation-
ship between conventional adamantinoma, the so-called
differentiated adamantinoma (osteofibrous dysplasia-like
adamantinoma) and osteofibrous dysplasia, which can
cause serious differential diagnostic problems because of
similar radiological and histological appearance and typi-
cal location in the tibia (12-16).

The clinical relevance is different behaviors of these
entities: while osteofibrous dysplasia is a benign process
and active surgical treatment is disputed, osteofibrous
dysplasia-like adamantinoma can regress spontaneously,
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Figure 3. Anteroposterior and Lateral Radiography of Left Leg of a 24-Year-Old Patient With Adamantinoma of Tibia

but it is also regarded as the precursor of a conventional
adamantinoma (14, 17).

Most of the demographic data of our patients are in ac-
cordance with the data publications reporting on higher
numbers of cases (8, 18, 19). In our cases, tumor appeared
77% in males and 92% in young adults under 35 years of age.
Tumor was localized mostly in tibia; however, in our study,
distal third was the most frequent site.

According to the literary data (8, 10, 20), symptoms in-

clude slight pain, swelling, and deformation of the bone
during a long period. According to our results, this fea-
ture was also seen in our cases with 17.5 months mean pe-
riod from the onset of symptoms to the diagnosis of dis-
ease. Szendroi et al. (19) reported 42 months delay in 11 pa-
tients and Qureshi et al. (8) also reported 62 months de-
lay in 60 patients from the onset of symptoms to the defi-
nite diagnosis. The prevalence of pathologic fracture as the
first symptom can reach to 20% (8, 21). In our cases, one
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Figure 4. Axial Cut of CT Scan of Adamantinoma of Tibia

patient was referred with pathologic fracture as the early
symptom before diagnosis (7.7%).

The location and radiological appearance of the tumor
is characteristic in most cases. Adamantinoma appears as
an eccentric destructive lesion, usually located in the ante-
rior cortex of the diaphysis of tibia. Cortex slightly expands
becomes deformed. Tumor has a cystic, multilocated fea-
ture with a sclerotic rim. The cortical bone is thinned and
ultimately destroyed without any periosteal reaction (22).

CT-scan is useful for evaluation of the cortical destruc-
tion and it demonstrates the sclerotic bony septa separat-
ing the cysts (19). The different tumor foci appear with high
signal intensity on either T2 weightened images or with
T1 weightened contrast enhanced image by MRI. Neither
CT nor MRI is able to differentiate between the differen-
tiated and conventional forms of adamantinoma (23). In
the minority of the cases, adamantinoma appears as an in-
tramedullary solitary lobulated focus resembling on bone
metastasis (12).

Curettage and bone grafting are not recommended be-
cause of the frequent recurrences (9, 10). In the past, sev-
eral authors (5, 24) advised amputation, emphasizing the
multicentric nature of adamantinoma. Extensive resec-
tion in case of primary tumor and amputation upon recur-
rence have been suggested by Gebhardt et al. (25) and oth-
ers (9, 10).

According to our experience, we guess sufficient wide
resection should be performed primarily without obses-
sion in salvage of the function of the limb, and even pri-
mary amputation in massive lesion may lead to better
prognosis according to the high rate of local recurrence

and metastasis of course; this theory should be proven by
prospective studies. Recurrence of the tumor in adjacent
bone in two of our cases improves the theory of multicen-
tric behavior skip lesions; so, a primary massive wide re-
section is needed. Reconstruction techniques after En bloc
resection of the tumor include the use of allograft, vascu-
larized and non-vascularized autografts, distraction osteo-
genesis and segmental tumor endoprosthesis (12). In our
cases, reconstruction with intercalary or osteoarticular al-
lograft had good results and union between allograft and
host bone occurred in almost all cases during the first post-
operation year. We think prevention of donor site mor-
bidity can be a main benefit of using allograft. However,
the rates of reconstruction-related complications are still
unacceptably high in literature. Ortiz-cruz et al. (26) re-
ported infection, fracture and nonunion with rates as high
as 12%, 17%, 29% out of 104 patients, respectively. In our
cases, rate of infection, fracture and secondary joint os-
teoarthritis were 15.4% (two cases), 15.4% (two cases), and
7.7% (one case), respectively. We did not have any problem
with union; however, in four cases, secondary autologous
iliac crest bone graft was needed for delayed union.

The evaluation of the outcome of disease is difficult ac-
cording to the mysterious behavior and slow progression
of the tumor. In literature, 6% - 18% mortality rates have
been reported and metastasis to the lung or lymph nodes
were as high as 12% - 29% (8-10, 12). Negative prognostic fac-
tors for recurrence are young age, male gender, history of
pain, and aggressive growth (9, 10).

The recurrence rate is reported in the literature as high
as 30-35% (7, 18). Insufficient intralesional curettage with
bone grafting leads to local recurrence in nearly all cases
(8-10, 12, 19, 27, 28). Recurrence of adamantinoma can occur
even after 10 - 20 years following surgery (19). According to
our study, we had 62% local recurrence and 46% mortality.
The rate of lung and lymph node metastasis were 54% and
8%, respectively. These results showed higher mortality and
local recurrence and metastasis rates in our patients com-
pared with previous studies.

Our study was retrospective and this was a limitation;
so, it is better to reassess these results by future prospec-
tive studies. Our hospital is a referral center for muscu-
loskeletal tumors and fortunately all preoperative work-up
results and follow-up reports for these patients were sys-
temically saved and are available. All main surgeries were
performed by two well-practiced musculoskeletal tumor
surgeons through standard and correct principles. The
number of patients in our study was good in comparison
with similar studies (8, 18, 19). However, the five-year sur-
vival rate of our cases was 69% (nine cases), which accord-
ing to the final survival rate (54%, only seven cases were
alive at the end of the study) shows that very late recur-
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rence and metastasis can occur and long-term follow up is
necessary for these patients.
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