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ABSTRACT

Objective: Primary tumors of bone are relatively uncommon. Little information is available about the etiology, pathophysiology,
risk factors and epidemiologic features of bone tumors. In this article, we present the epidemiological data about the primary
(benign and malignant) bone tumors in Jordan.

Methods: Retrospectively, we identified and assessed those patients who were diagnosed with primary bone tumor between
January 2004 and December 2018 at King Abdullah University Hospital. The following information was obtained: demographics
(age, sex), clinical presentation, and location of the tumor. Also, the histopathological results and finding and recurrence of the
tumors were retrieved. The included primary bone tumors were those tumors fulfill the World Health Organization classification
of soft tissue and bone tumors.

Results: During the study period, four-hundred and thirty-seven cases of the primary bone tumor were diagnosed in our
institution. More than half of the cases were males (52.5% males and 47.5% females). In most cases, young adults are affected.
The mean age for the diagnosis of giant cell tumor of bone (GCTB) is 34.1 years. The appendicular skeleton was involved in
269 (81.5%) patients while the axial skeleton in 60 patients. The most common encountered pathology is the multiple myeloma
with 120 patients. After that, osteochondroma was diagnosed in 110 patients. Females were mostly affected by giant cell tumor
while the osteochondroma and chondrosarcoma were seen mostly in males. Multiple myeloma tends to develop in elderly while
juvenile ossifying fibroma occurred in young pediatrics and Ewing sarcoma in school-age children and adolescents. Giant cell
tumor and osteoid osteoma have the tendency to recur.

Conclusion: The diagnosis of primary bone tumors is of particular important. The reporting of epidemiological studies is
essential in order to expand our knowledge regarding this uncommon type of tumors.

1. INTRODUCTION

According to the World Health Organization (WHO) classification
of soft tissue and bone tumor, the primary bone tumors are classi-
fied based on the origin cell of the tumor as cartilaginous tumors,
osteogenic tumors, fibrogenic tumors, hematopoietic tumors, and
many others [1]. Among the wide array of human neoplasms, pri-
mary tumors of bone are relatively uncommon [1,2]. Not only has
this contributed to the paucity of meaningful and useful data about
the relative frequency and incidence rates of the various subtypes of
bone tumors, but it also explains our rudimentary understanding
of risk factors.

Little information is available concerning the etiology and epide-
miologic features of benign bone tumors since most published sta-
tistical studies have dealt with bone sarcomas. The benign lesions
will be considered from the epidemiologic and aetiologic stand-
point under the individual chapter headings, where they are known
[2,3]. In this article, we present and discuss our epidemiological and
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diagnostic data about the primary (benign and malignant) bone
tumors in Jordan.

2. MATERIALS AND METHODS

This study was conducted at King Abdullah University Hospital, a
tertiary care center that is affiliated with the Jordan University of
Science and Technology, located in Northern Jordan. It is the sole
center for pathological diagnosis in Northern Jordan. After obtain-
ing the Institutional Review Board approval, we retrospectively
identified and assessed those patients who were diagnosed with pri-
mary bone tumor between January 2004 and December 2018. The
following information was obtained: demographics (age, sex), clini-
cal presentation, and location of the tumor. Also, the histopatholog-
ical results and finding and recurrence of the tumors were retrieved.

The primary bone tumors were diagnosed according to the WHO
classification of soft tissue and bone tumors.

Data were collected and entered into a spreadsheet and analyzed
using appropriate software. Categorical variables were described
using the frequency distribution, while continuous variables were
described using the mean + standard error of the mean.
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3. RESULTS

During the study period, four-hundred and thirty-seven cases of the
primary bone tumor were diagnosed in our institution. Generally,
males were affected more than females (52.5% males and 47.5%
females). Mostly, young adults are affected. The mean age for the diag-
nosis of GCTB is 34.1 years and the median are 26 years. The young-
est patient was 1 year and the oldest was 90 years. The appendicular
skeleton was involved in 269 (81.5%) patients while the axial skele-
ton in 60 patients and one patient presented with multiple involve-
ments. The left side of the appendicular skeleton was affected in 116
patients while the right in 100 patients. The most common encoun-
tered pathology is the multiple myeloma with 120 patients. After that,
osteochondroma was diagnosed in 110 patients. Also, malignant
osteosarcoma, chondroblastoma, chondrosarcoma, Ewing sarcoma,
fibrosarcoma, and rhabdomyosarcoma were diagnosed in 33, 6, 14,
22, 1, and 1; respectively. The most common presenting symptoms
were swelling and pain. The constitutional symptoms as anemia and
fatigue were dominant in multiple myeloma cases. Table 1 summa-
rizes the general sample characteristics.

Regarding the distribution of sex within different categories, the
ratio of male:female is generally equal in most types of tumor.
However, females were mostly affected by giant cell tumor while
the osteochondroma and chondrosarcoma were seen mostly in
males. Figure 1 summarizes the distribution of sex. The mean age
for most tumors was below 40. However, multiple myeloma tends
to develop in the elderly after 60s as indicated by Figure 2. On the
other hand, juvenile ossifying fibroma occurred in young pediat-
rics and Ewing sarcoma in school-age children and adolescents.

Table 2 summarizes the location distribution of each tumor.
Enchondroma had a tendency to develop in the upper limb bones.
The chondrosarcoma developed in the axial and lower limb along
with the Ewing sarcoma. In contrast, multiple myeloma developed
mostly in the axial skeleton. The osteochondroma and osteosar-
coma had an exclusive tendency for the lower limb bones.

Twenty-one cases of recurrence were found after complete remis-
sion of the tumor. The mean time for recurrence was 4 years after
the diagnosis of the primary tumor. Figure 3 indicates the distribu-
tion of recurrences cases. Osteoid osteoma and giant cell tumors
were the most common tumors to recur after the treatment.

4. DISCUSSION

This article is a recent epidemiological study about the primary
bone tumor diagnosed at King Abdullah University Hospital in
Northern Jordan over 14 years and represents the population of
about 2.8 million residing in this area. An old study from 1998
studied the Demographic analysis of Primary bone Tumors of
Jordan University Hospital and showed almost the same epide-
miological Trend with some variation representing the increasing
number of population and improved the health care quality and
diagnostic modalities in Jordan. According to the WHO classifi-
cation of soft tissue and bone tumors, primary bone tumors are
uncommon if compared with other types of tumors that affect the
human. Primary bone tumors are classified based on the origin cell
of the tumor as cartilaginous tumors, osteogenic tumors, fibrogenic
tumors, hematopoietic tumors, and many others. Bone sarcoma
constitutes only 0.2% of all tumors [1].

Table 1 General sample characteristics

Number Valid percent (%)
Bone tumor characteristics
Mean + SE
Sex
Male 229 52.5
Female 207 47.5
Age at diagnosis (years) 341+1.1
Clinical presentation
Pain 122 36.2
Swelling 146 43.3
Incidentally 4 1.2
Neurological deficit 4 1.2
Constitutional symptoms 46 13.6
Deformity 5 1.5
Diastematomyelia 1 0.3
Pathological fracture 8 24
Skin rash 1 0.3
Location (Axial or
appendicular skeleton)
Axial 60 18.2
Appendicular 269 81.5
Multiple sites 1 0.3
Location (Upper or lower limb or
axial skeleton)
Upper limb 66 20.0
Lower limb 203 46.5
Axial skeleton 60 18.2
Multiple sites 1 0.3
Site (if the tumor was in the
appendicular skeleton)
Right 100 45.7
Left 116 53.0
Bilateral 2 0.9
Multiple sites 1 0.5
Pathological diagnosis
Chondroblastoma 6 1.4
Enchondroma 32 7.3
Chondrosarcoma 14 32
Ewing sarcoma/PNET 22 5.0
Fibrous dysplasia 22 5.0
Giant cell tumor 25 5.7
Multiple myeloma 120 27.5
Osteochondroma 110 25.2
Osteoid osteoma 26 5.9
Osteosarcoma 33 7.6
Osteofibrous dysplasia 3 0.7
Fibrosarcoma 1 0.2
Cavernous hemangioma 2 0.5
Non-ossifying fibroma 8 1.8
Juvenile ossifying fibroma 3 0.7
Chondromyxoid fibroma 1 0.2
Odontogenic fibromyxoma 1 0.2
Multiple hereditary exostosis 1 0.2
Rhabdomyosarcoma 1 0.2
Synovial osteochondromatosis 3 0.7
Unclassified sarcoma 3 0.7
Recurrence 15 4.1
Time to recurrence (years) 4011

The most common subtype of primary malignant bone tumors is
osteosarcoma, which constitute around 35% of all cases, followed
by chondrosarcoma and then Ewing sarcoma, which make 25%
and 16% respectively [1-4]. In our study, osteosarcoma constitute
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7.6% of all primary bone tumors followed by Ewing sarcoma with
5% and osteochondroma with 3.2%, this make Ewing sarcoma the
second most common malignant tumor and chondrosarcoma the
third one, so our study showed different results than the above-
mentioned distribution. These results are consistent with Rao et al.
[5] in India and with Shah et al. [6] results. On the other hand,
the results in western countries are different than our distribution
in which the osteochondroma is more common than Ewing sar-
coma [7,8]. Osteosarcoma occurred in males (51.51%) more than
females (48.48%). Besides, it had more appendicular (90.6%) than
axial (9.4%) involvement, and there were more cases with lower
limbs (87.5%) involvement compared to upper limbs (3.1%). The
mean age of diagnosis is 34.1 years. According to a study about

osteosarcoma in US, males were more affected than females at
) o o _ all age groups and all ages [9]. Also, appendicular skeleton was
Figure 1 | The distribution of sex within different pathologies. involved more than axial skeleton with an obvious preference for

lower limbs (74.5%) in comparison with upper limbs (11%). The
incidence peaks in males at the ages of 16 and 79, whereas the peak
incidence in females was at the age of 12 and 77 [9].
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Table 2 Comparison of different types of bone tumor in term of location
Diagnosis Upper limb Lower limb Axial Multiple
(% from the diagnosis) (% from the diagnosis) (% from the diagnosis) (% from the diagnosis)

Chondroblastoma 1(16.7) 5(83.3) 0(0.0) 0
Enchondroma 22 (71.0) 9 (29.0) 0 0
Chondrosarcoma 0 7 (58.3) 5(41.7) 0
Ewing sarcoma/PNET 1(4.5) 13 (59.1) 8 (36.4) 0
Fibrous dysplasia 3(14.3) 14 (66.7) 4(19.0) 0
Giant cell tumor 5(20.0) 15 (60.0) 5(20.0) 0
Multiple myeloma 0 5(26.3) 14 (73.7) 0
Osteochondroma 20 (18.2) 84 (76.4) 5 (4.5) 1(0.9)
Osteoid osteoma 9 (34.6) 10 (38.5) 7 (26.9) 0
Osteosarcoma 1(3.1) 28 (87.5) 3(9.4) 0
Osteofibrous dysplasia 0 0 3 (100.0) 0
Fibrosarcoma 0 0 1 (100.0) 0
Cavernous hemangioma 0 0 1 (100.0) 0
Non-ossifying fibroma 2 (25.0) 6 (75.0) 0 0
Juvenile Ossifying fibroma 0 0 3 (100.0) 0
Chondromyxoid fibroma 1(100.0) 0 0 0
Odontogenic fibromyxoma 0 0 1(100.0) 0
Multiple hereditary exostosis 0 1(100.0) 0 0
Rhabdomyosarcoma 1 (100.0) 0 0 0
Synovial osteochondromatosis 0 3 (100.0) 0 0
Unclassified sarcoma 0 3 (100.0) 0 0
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Nevertheless, they are much more common than primary malignant
tumors [2-4]. According to our data, osteochondroma occurred in
men (62.72%) more than women (37.27%), and it has more appen-
dicular (94.6%) than axial (4.5%) involvement. Also, there was more
cases with lower limbs (76.4%) involvement compared to upper limbs
(18.2%). The mean age of diagnosis is 34.1 years. A study conducted
in South China showed similar results [10]. In that study, more males
(67.51%) were affected. 250 cases out of 431 had knee involvement.
The mean age of diagnosis was 20.63 years [10].

The frequency of bone tumors concerning age shows a bimodal
distribution, with the first peak being at the second decade.
While the second peak does not occur until the sixth decade [1].
Osteosarcoma occurs predominantly in patients younger than
age 20, and in this group 80% occur in long bones of the extrem-
ities [11-15]. Different types of tumors have different preferences
regarding the distribution. For example, although Ewing sarcoma
and osteosarcoma have similar epidemiological features, osteo-
sarcoma occurs at the metaphysis of long bones, whereas Ewing
sarcoma usually arise at the diaphysis [16-19]. Besides, age affects
the primary location of bone tumors. For example, axial primary
lesions were reported to be more frequent in older than in younger
patients [11-19]. In the United States and Europe, giant cell tumor
accounts for approximately 5% of all primary bone tumors and 21%
of all benign bone tumors [20]. In China, GCTB represents 20%
of all primary bone tumors [21]. GCTB occur most commonly in
females in the third decade of life, between the age of 20 and 40.3
[20]. Giant cell tumor typically affects the ends of long bones, espe-
cially the distal femur, proximal tibia and fibula, and distal radius
[22]. In Jordan, a study was conducted about GCTB and they found
that GCTB is more common in females. Most common location
is the epiphyseal/metaphyseal area around the knee. Multicentric
GCTB and pulmonary metastasis were more common. Most
patients were treated with intralesional curettage with or without
adjuvant. Recurrence rate is 45%. Most patients showed late recur-
rence. Complex anatomical locations, younger age, male gender,
and Campanacci grade III tumors were associated with high risk
of recurrence. Some patients showed resolution of pulmonary
nodules during follow-up. Denosumab was used for patients with
multicentric tumors, pulmonary nodules, and recurrence. Late
malignant transformation was detected in one patient with fatal
outcome which warrants prolonged follow-up of GCTB [23].

Multiple myeloma is a plasma-cell disorder that is characterized
by clonal proliferation of post-germinal-center B cells (malignant
plasma cells) in bone marrow with the presence of monoclonal
protein in the blood or urine and is accompanied with end organ
dysfunction [24,25]. According to the WHO classification of soft
tissue and bone tumors, multiple myeloma is considered one of
the primary bone tumors [1]. To be diagnosed, multiple myeloma
requires the presence of at least 10% of clonal bone marrow plasma
cells, in association with the presence of monoclonal protein in
blood or urine [24]. If the presence of plasmacytoma is confirmed
by biopsy, the diagnosis of non-secretory myeloma can be made
[26]. If symptomatic, multiple myeloma often presents with hyper-
calcemia, renal insufficiency, anemia, and bone disease (such as
pathological fractures) [26-28]. Immediate management depends
on the presence of symptoms, because studies revealed that early
treatment without symptoms has no benefits [29,30].

5. CONCLUSION

Our study revealed that primary bone tumors are more common in
males than females. Also, there was a significant difference between
the axial and appendicular skeleton, as more tumors originated
from appendicular skeleton. To be more specific, tumors origi-
nated from the lower limbs more than the upper. Furthermore,
left sided tumors were more frequent than right ones. The most
common complaint was feeling of a mass, that was painful in most
of the cases. The most frequent histological diagnosis was multiple
myeloma followed by osteochondroma.
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