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Abstract

Purpose:  Although malignant bone tumours in children are 
infrequent, it is important to know how to properly diagnose 
and stage them, in order to establish an adequate treatment. 

Methods:  We present a review of the diagnostic workflow of 
malignant bone tumours in children, including history and 
clinical examination, imaging, laboratory tests and biopsy 
techniques. Moreover, the two most commonly used staging 
systems are reviewed. 

Results:  History, clinical examination and laboratory tests 
are nonspecific for diagnosing malignant bone tumours in 
children. Radiographs remain the mainstay for initial diagno-
sis, with MRI the modality of choice for local assessment and 
staging. Fluorine-18 labelled fluoro-deoxy-glucose-positron 
emission tomography scans provide a noninvasive method 
to assess the aggressiveness of the tumour and to rule out 
metastasis and is replacing the use of the bone scintigraphy. 
Biopsy must be always performed under the direction of the 
surgeon who is to perform the surgical treatment and after 
all diagnostic evaluation has been done. Staging systems are 
useful to study the extent of the tumour and its prognosis. 
They are expected to evolve as we better understand new 
molecular and genetic findings.

Conclusion:  When a malignant bone tumour is suspected in 
a child, it is essential to make a correct diagnosis and referral 
to an experienced centre. Following an appropriate workflow 

for diagnosis and staging facilitates, prompt access to treat-
ment improves outcomes.

Level of Evidence:  Level V Expert opinion
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Introduction 
What is common? What do I have to think about?

Malignant bone tumours in children are very rare. In fact, 
most physicians will see few patients with symptoms of 
an undiagnosed primary bone tumour throughout their 
careers. Nevertheless, the paediatric orthopaedic surgeon 
should be able to guide the clinical workup of a paediatric 
bone tumour and know the relevant differential diagno-
ses. This review will outline the most common malignant 
bone lesions in children and provide a basic guide to diag-
nosis and staging.

The two leading primary malignant bone tumours in 
children are the osteosarcoma and lesions from the Ewing 
sarcoma family.1

Osteosarcoma is the most common primary bone sar-
coma in children. The incidence is one to three per mil-
lion with a slight male predominance.2 Histologically it 
is defined as a spindle cell neoplasm that produces oste-
oid. The characteristic localizations are the metaphyses of 
the long bones in the region of the knee, the proximal 
humerus and the proximal femur.3 Osteosarcoma rarely 
occurs in children less than five years of age. However, 
when this is the case, it is most commonly associated 
with Li-Fraumeni syndrome. Other syndromes with an 
associated risk of osteosarcoma include retinoblastoma 
1 gene, Rothmund-Thomson syndrome or RAPADILINO 
syndrome. Osteosarcoma metastasizes mainly to the lung 
and bone. About 10% to 20% of patients already have 
pulmonary metastases at initial presentation. Long-term 
survival following multimodal chemotherapy and wide 
resection lies between 60% and 70%.2,3
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The Ewing sarcoma family of tumours includes Ewing 
sarcoma of bone, extraskeletal Ewing sarcoma, periph-
eral primitive neuroectodermal tumours of bone and soft 
tissue and Askin tumour. It is the second most common 
primary bone and soft-tissue tumour in children and 
adolescents with an incidence of 2.5 to three per million. 
Histology typically presents a distinctive small, blue round-
cell sarcoma. The most frequent sites are the pelvis and 
the diaphyseal or metadiaphyseal regions of long bones. 
Unlike other primary bone tumours, approximately 20% 
arise in the soft tissue. The Ewing sarcoma is characterized 
by a chromosomal translocation of the EWSR1 gene on 
chromosome 22 t(11;22)(q24;q12). Treatment includes 
chemotherapy, radiation therapy and wide surgical resec-
tion. Five-year overall survival is about 85% for patients 
with localized Ewing sarcoma and 27% for patients with 
metastatic disease, respectively.2

The major differential diagnoses for paediatric bone 
lesions include infection (i.e. osteomyelitis, septic arthri-
tis or brodie abscess), lymphoma, Langerhans cell his-
tiocytosis (LCH or histiocytosis X) and benign lesions like 
aneurysmal bone cysts, osteoid osteoma, osteoblastoma 
or osteochondroma. In the spine, location may be helpful 
to distinguish between entities. Malignancies as well as 
infection or LCH more often occur in the anterior elements 
(vertebral body), whereas benign tumours are more often 
located in the posterior elements.4

A meticulous diagnostic workup is important for imple-
mentation of the correct diagnosis and successful treat-
ment. This is an interdisciplinary process that includes 
clinical examination, adequate imaging, correct biopsy 
and histopathological analysis. 

Diagnosis
History and clinical examination  

Early diagnosis of a malignant bone tumour may not only 
increase the chance of survival, but also the possibility of 
performing a limb-sparing resection. Unfortunately, the 
initial symptoms are unspecific but pain is usually a con-
stant finding. Initially, the pain can be intermittent and 
related to activity and loading.5-7 Pain that worsens at night 
has been described as characteristic of malignancy but this 
is not a constant finding. With time the pain becomes con-
stant without relief and gets worse with activity.5-8 Some-
times a lump is present, but usually, when it is evident, the 
disease is already advanced.6-8 Bone tumours can weaken 
the bone and can present as a pathological fracture.9 Pelvic 
and spine tumours can present with neurological deficits.5,6 
Past history of malignancy and history of some specific pre-
disposed genetic conditions must be investigated. In chil-
dren, it is mandatory to make a differential diagnosis with 
an infection, as this is far more common than a sarcoma.10

The clinical examination must include the inspection 
and palpation of the area of tenderness, swelling or pain. 
If a mass is present, its size, consistency, position and 
mobility must be assessed. Local lymph nodes should be 
palpated.7,8

Imaging

Different imaging techniques are useful to evaluate a bone 
lesion. Radiography remains the mainstay for initial diag-
nosis and other advanced imaging modalities, such as 
MRI, CT scans, bone scintigraphy and positron emission 
tomography (PET) are useful in evaluating the extent of 
the lesion and its local and distant staging.

Radiographs

Conventional radiographs are still the first and the most 
valuable imaging technique to study a bone tumour.11-16 It 
is available in every hospital and it is a relatively inexpensive 
technique. Orthogonal radiographs of the area should be 
completed for all lesions. Although a radiologist’s report 
may be helpful, all orthopaedic surgeons should have the 
basic knowledge to be able to discern a concerning lesion 
from a benign one. Benign lesions have well delineated 
borders, sclerotic edges, do not break the cortical and do 
not usually have periosteal reaction or a soft-tissue mass 
(Fig. 1a). On the contrary, malignant lesions have unde-
fined borders with a speckled pattern, break the cortical, 
usually have a soft-tissue mass and periosteal reaction can 
be observed (Fig. 1b).

Enneking suggested questions to be asked when a 
bone tumour is suspected in a plain radiograph:17

•	 Where is the lesion? It is important where the lesion is 
located, but also which part of the bone. For example, 
osteosarcoma is usually located in the metaphysis of 
the long bones.

•	 What is the lesion doing to the bone? Three patterns of 
bone destruction help us to identify the aggressiveness 
of the bone lesion.11,18 Type 1, ‘geographic bone 
destruction’, when a lesion has borders well defined 
with sclerotic margins (1A), without sclerotic margins 
but with a narrow zone of transition (1B) and lesions 
with ill-defined and indistinct margins (1C). This 
pattern implies benign or less aggressive lesions. Type 
II, ‘moth-eaten appearance’, when a lesion has areas 
of bone destruction with ragged edges, indicative 
of a malignant process rapidly expanding into the 
bone. Type III, ‘permeative appearance’, when the 
tumour moves through the bone without destroying 
all the trabeculae with a zone of transition between 
pathological and normal bone.

•	 What is the bone doing to the lesion? The response of 
the bone depends on the tumour histology and grade 
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Fig. 1  Radiographs of a non-ossifying fibroma in the distal tibia. This is a benign lesion. Well delineated borders and sclerotic edges 
can be appreciated. There is no cortical breakage and no soft-tissue mass; b) radiographs of an Ewing sarcoma of the distal tibia. This is 
a malignant bone lesion with undefined borders and a speckled pattern. Breakage of the cortical is well observed.

and the rapidity of its growth. ‘Sunbursts’ or ‘hair-on-
end’ periosteal reactions and the ‘Codman triangle’ are 
typical in malignant lesions.13,19

•	 What is in the lesion? The content of the lesion can give 
us a clue to the histological diagnosis. 

The information provided by the radiograph is limited 
when the lesion is located in complex anatomical loca-
tions such as in the iliac bones and spine. In posterior ele-
ments of vertebrae, the overlapping of structures on 2D 
planes limits the radiographic interpretation11,14 (Fig. 2a). 
Also, the radiograph has limitations concerning the eval-
uation of soft tissue and the precise extent of medullary 
involvement.11,14

CT scan

CT scans allow precise anatomical delineation and eval-
uation of the lesions in complex anatomical location.12-15 
Also, CT allows better visualization of bony changes.12,13,15,16 
It can be very useful, especially 3D evaluation, when it 
comes to planning reconstructive surgery and is com-
monly used to guide biopsy.12,14-16 Moreover, CT can also 

be very useful in osteolytic lesions when the fracture risk 
must be evaluated (Fig. 3).

When malignancy is suspected, a chest CT scan is man-
datory to rule out lung metastasis.13,20

MRI

MRI is the modality of choice for local assessment and stag-
ing of a malignant bone tumour.11-16,20 It is recommended 
to have this study performed by a radiologist with expe-
rience in malignant bone tumours and in the institution 
where the patient will have treatment.

MRI is much more sensitive than conventional radio-
graphs. Lytic bone lesions can be seen on plain radiographs 
only when there is > 30% to 50% loss of mineralization12,16 
(Figs 2b and 4). If a patient continues to have symptoms 
and radiographs do not show any abnormality, MRI is 
the preferred modality to assess bone marrow, soft-tissue 
mass and the involvement of neurovascular structures 
and adjacent joints.12-15 But MRI should be interpreted 
only with concurrent radiographs. The MRI study must 
include the two joints on either side of the tumour; care-
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Fig. 2  A nine-year-old girl presented with pain in the right hip and thigh for two months: a) the anteroposterior pelvis radiograph 
shows an osteolytic lesion of the right pubic bone (ramus inferior ossis pubis). Iliac crest biopsy was consecutively performed and 
Ewing sarcoma was diagnosed; b) coronal MRI scans of the pelvis show a tumour mass extending from the os pubis and infiltrating 
the obturator externus muscle; c) and d) full body  positron emission tomography MRI scans were performed to complete staging; e) 
full body MRI scan.

ful attention must be paid to any epiphyseal or articular 
invasion, and it should include the entire bone where the 
lesion is settled in to detect skip lesions13,16,21 (Fig. 4). The 
short tau inversion recovery sequence is the most sensi-
tive, but these sequences should not be used to measure 
tumour extension, since they lead to overestimation in 
both intramedullary and soft tissue. T1 sequences with 
intravenous contrast and especially when combined with 
a fat-suppressed sequence are more appropriate14,16 (Fig. 
5). Moreover, MRI must always be performed before the 
biopsy and it is essential to plan it. Any follow-up with MRI 
should use the same protocol every time, as it will enable 
better comparison in different occasions.15

More recently, new MRI modalities, like dynamic 
contrast-enhanced MRI scanning (perfusion MRI), diffu-
sion-weighted imaging  and MR spectroscopy, have been 
developed, adding advantages in tissue characterization 
and in staging of bone tumours.12,14,15

Bone scintigraphy 

The technetium-99m bone scan is highly sensitive but 
with a low specificity as it only measures osteoblast activ-
ity. It can help us to detect active lesions and distant bone 

metastasis.12-14,16,20 Nowadays, the use of PET is preferred 
when it is available.

PET

PET scans provide a non-invasive method to assess the 
aggressiveness of tumours. It is useful for staging the 
tumour, to rule out distant bony and soft-tissue (lung 
or lymph nodal) metastasis and to assess skip lesions in 
equivocal conditions.13,19,20,22-24 Benign diseases are glu-
cose avid but in less quantity than a malignant process. 
PET scans have a 97% specificity to rule out malignant 
disease.23,25 Nevertheless, numerous exceptions exist.19 
Therefore, interpreting the morphological characteristics 
of the tumours is important and PET findings should be 
always interpreted in conjunction with other imaging 
studies. 

PET/CT is an advanced examination method that pro-
vides functional and metabolic information (PET) and 
detailed anatomical and pathological information (CT).22-24 
The images can be evaluated separately or fused together. 
This technique can locate the lesion more accurately, 
detect the smaller lesion and distinguish the benign, 
malignant and different stages of bone tumours. Particu-
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Fig. 3  Right femur osteosarcoma of a 12-year-old boy: a) and b) on the radiographs an osteolytic lesion in the distal metaphysis can be 
appreciated; c) and d) the CT study shows a large osteolytic lesion with a high risk of pathological fracture. 
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Fig. 4  Right femur osteosarcoma in a 11-year-old girl: a) and b) on the radiographs the lesion cannot be well delimited; c) the MRI 
study reveals a large lesion with epiphyseal extension (white arrow) and a skip lesion in the proximal diaphysis (yellow arrow).
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larly, fluoro-deoxy-glucose (FDG) PET/TC is a whole-body 
imaging modality that has been found to be successful in 
the staging of malignancies.19,20,23,24

New modalities of PET are emerging like FDG PET/CT 
dual-time-point imaging which consists of registering 
images in two different moments. It has been used to dif-
ferentiate malignant lesions with a prolonged uptake from 
benign lesions with a shorter uptake.19,22 However, the use 
of dual-time-point imaging is still not a routine practice 
because of prolonged scheduling time requirements.19 
FDG PET/MRI is another emerging imaging modality, 
which results in reduced radiation with increased ana-
tomical resolution (Figs 2c and 2d). PET/MRI has been 
proven superior to PET/CT in the evaluation of the brain, 
the soft-tissue component of the lesions and also in bone 
marrow evaluation.19

Laboratory tests

If malignancy is suspected, laboratory tests should be 
performed: full blood count, inflammatory markers and a 
bone profile. An association between an elevated C-reac-
tive protein and erythrocyte sedimentation rate and worse 
overall survival has been described by some authors.26 A 
meta-analysis by Ren et al27 concluded that a high-serum 
alkaline phosphatase level is associated with poor overall 
survival and presence of metastasis at diagnosis in osteo-
sarcoma patients.

Nevertheless, these findings are non-specific, and their 
value limited. 

Biopsy

Histopathological evaluation is the final step in the diag-
nostic path and is part of the staging process. A biopsy 
must be performed after all diagnostic imaging evalua-
tion has been done, as the post-biopsy changes can alter 
the radiological appearance of the lesion.12,13,15,16 20,24,28 
The biopsy must be always performed by or under the 
guidance of the surgeon who is to perform the surgical 
treatment.12-16,29 It is a known fact that biopsies performed 
in a non-specialist centre can lead to diagnostic errors, 
can cause a change in the treatment plan, increased local 
recurrence and may also result in unnecessary amputa-
tion.13-15,29

Biopsy techniques may be percutaneous, incisional 
or excisional. Excisional biopsy is not recommended for 
malignant bone tumours. Percutaneous biopsy is the 
usual technique employed when a malignant bone lesion 
is suspected. It can be performed with a true-cut or a nee-
dle. The biopsy must be discussed by the interventional 
radiologist, the tumour surgeon and the histopatholo-
gist, in order to plan the site, the entry point, direction 
and the target of the needle biopsy, in order to obtain a 
representative tissue to allow the diagnosis. If malignant 

Fig. 5  Left tibia osteosarcoma in a seven-year-old boy: a) and b) 
radiographs show an osteoblastic lesion in the proximal tibia, with 
a skip lesion in the distal femur (yellow arrow). Biopsy showed 
a high-grade osteosarcoma with osteoblastic predominance; c) 
and d) in short tau inversion recovery images of the lesion, it is 
difficult to distinguish between tumour and oedema; a) and f) 
T1 fat saturation images with contrast, where the tumour can be 
better delineated.
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disease is confirmed the biopsy tract requires excision at 
the time of surgery.12,14-16,28,29 A percutaneous biopsy can 
be carried out accurately using ultrasound, CT or MRI 
guidance. In a specialist centre, 98% diagnostic accuracy 
has been described.14,16,28 When more pathological tissue 
is needed, or the lesion cannot be safely accessed percu-
taneously, an incisional biopsy can be performed. Open 
biopsy increases the risk of local contamination and clini-
cal morbidity, with a worse prognosis in 8% of the cases.28 
There are strict oncological principles regarding biopsy 
surgery, of which the surgeon must be cognizant.14,15,28,29 
Proper location and orientation of the biopsy incision as 
well as meticulous hemostasis are required to avoid a hae-
matoma. No compartmental barrier, anatomical plane, 
joint space or tissue area around a neurovascular bundle 
should be open.28,29

Microscopic examination of the haematoxylin-eo-
sin-stained tissue sections, together with the integration 
of the clinical and radiological data, is still the basis for 
establishing a correct diagnosis when dealing with bone 
tumours.20,28 The use of the World Health Organization 
classification system is recommended, which incorporates 
morphological and genetic data and provides a uniform 
classification and nomenclature for the diagnosis of bone 
tumours.30 In certain cases, the use of additional tech-
niques such as immunohistochemistry and/or molecular 
pathology is required for a definitive diagnosis.15,28 The 
pathology report of a biopsy should include histological 
type and grade, as well as the results of ancillary studies.15

Staging
 Staging a malignant bone tumour is a standardized way 
of assessing a patient’s prognosis at the time of initial diag-
nosis and helps to guide treatment. Furthermore, stag-
ing allows meaningful comparisons to be done among 
groups of patients.13,20 Two main staging systems are cur-
rently used: the one proposed by Enneking and adapted 
by the Musculoskeletal Tumor Society (MSTS)31 and the 
one proposed by The American Joint Committee on Can-
cer (AJCC), based on TNM (primary tumour site and size, 
lymph node involvement, metastastatic spread) .32,33

The Enneking system,31 described in the 1980s, is 
more surgically oriented and is the most widely used 
among orthopaedic surgeons. According to this system, 
malignant bone tumours are staged based on histologi-
cal grade, the intraosseous or extraosseous extent of the 
tumour and the presence of distant metastases. The sys-
tem was evaluated and endorsed by the MSTS. According 
to this system, low-grade tumours were classified as stage 
I, high-grade tumours were classified as stage II, and met-
astatic tumours were classified as stage III. These stages 

were subclassified based on the local extent of growth of 
the primary tumour, A intracompartmental and B extra-
compartmental31 (Table 1).

The previous AJCC staging system for primary malig-
nancies of bone was almost identical to the MSTS system, 
except for metastatic disease being classified as stage IV 
(to remain consistent with the AJCC staging systems for 
other cancers), while stage III was left undefined. Also, 
stage IV was subdivided based on the presence of lymph 
node metastasis only (stage IV-A) or the presence of dis-
tant metastases (stage IV-B).13 Since its description, some 
revisions to the system have been carried out. Rather 
than using the intraosseous or extraosseous extent of the 
tumour, its size was suggested as a better prognostic indi-
cator. Tumours associated with skip metastases were clas-
sified separately as stage III and later on, this stage III was 
reserved for grade 3 (poorly differentiated) and grade 4 
(undifferentiated tumours). Stage IV tumours were sub-
divided based on the presence of pulmonary metastases 
only (stage IV-A) or metastases to other locations includ-
ing bone (stage IV-B). In the last edition33 spine/pelvis 
segments were added as part of the ‘T’ classification of 
primary bone tumours, as these locations are associated 
with worse prognosis.34-36 Another notable change in the 
eighth edition is the migration from a four-tier to three-
tier grading system to maintain uniformity in the way the 
bone and soft-tissue sarcomas are staged (Table 2).

Table 1  Musculoskeletal Tumour Society staging system

Stage Grade Local extent Metastases

IA G1 T1 M0
IB G1 T2 M0
IIA G2 T1 M0
IIB G2 T2 M0
III G1 or G2 T1 or T2 M1

G1, low grade; G2, high grade; T1, tumour is intracompartmental; 
T2, extracompartmental; M0, no regional or distant metastases; M1, 
metastases

Table 2  American Joint Committee on Cancer staging system

Stage Tumour Lymph node Metastases Grade

IA T1 N0 M0 G1 or GX
IB T2 or T3 N0 M0 G1 or GX
IIA T1 N0 M0 G2 or G3
IIB T2 N0 M0 G2 or G3
III T3 N0 M0 G2 or G3
IVA Any T N0 M1a Any G
IVB Any T N1 Any M Any G

Any T Any N M1b Any G

T1, tumour 8 cm or less in greatest dimension; T2, tumour > 8 cm in 
greatest dimension; T3, discontinuous tumours in the primary bone 
site; N0, no regional lymph node metastasis; N1, regional lymph node 
metastasis; M0, no distant metastasis; M1, distant metastasis; M1a, 
lung; M1b, other distant sites; GX, grade cannot be assessed; G1, well 
differentiated (low grade); G2, moderately differentiated (high grade); G3, 
poorly differentiated (high grade)
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There are other prognostic factors not included in the 
staging systems. Histological response to chemotherapy 
is a well-demonstrated prognostic variable, especially in 
osteosarcoma34,36 and Ewing sarcoma37 but it cannot be 
evaluated at the time of diagnosis and it is still unclear 
how this fact should impact the treatment of individ-
ual patients.13 Finally, multiple studies have shown that 
molecular abnormalities can be correlated with outcome 
in patients with osteosarcoma and Ewing sarcoma.13,38,39

In the near future, emerging PET modalities, age and 
molecular and genetic findings will play a role in the next 
big leap in malignant tumour staging.13,16,20,39

Conclusion
Although malignant bone tumours are not common in 
children, every orthopaedic surgeon should be able to 
recognize a malignant lesion in a radiograph and if malig-
nancy is suspected the patient should be referred to a spe-
cialized centre. A complete and systematic diagnosis study 
should be performed before deciding the best treatment. 
As new imaging techniques and molecular and genetic 
tests are arising, they will be become part of our diagnos-
tic protocol.
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