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Abstract The accurate staging of
primary bone tumors in children is
critical for treatment planning. Limb
salvage operations can now be per-
formed with excellent outcomes in
suitable patients. The purpose of this
article is to review the current state
of imaging techniques and their roles
in enabling accurate staging and
treatment planning to be performed
in pediatric patients with primary
bone tumors.
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The role of imaging in the staging 
and treatment planning of primary 
malignant bone tumors in children

Introduction

Accurate staging provides important information regard-
ing the patient’s prognosis and helps clinicians decide on
the best mode of therapy for their patients. This review
highlights the role of imaging in the surgical staging 
and treatment planning of children with primary bone 
tumors.

Surgical staging of bone tumors

Wolf and Enneking [1] developed a system for the stag-
ing of bone and soft tissue tumors. This system is based
on the grade (G), anatomic location or site of the tumor
(T), and the presence or absence of metastases (M) 
(Table 1). The system has been adopted by the Musculo-
skeletal Tumor Society and is commonly known as the
MTS system.

Grade

The grade of the tumor provides an assessment of the 
aggressiveness of a lesion and is based on histologic, 

radiographic, and clinical criteria [1]. Radiographic cri-
teria are based on Lodwick’s radiographic grading
system, which is discussed in detail later in this review.
Clinical criteria take into consideration features such as
growth rate, doubling time, size, temperature, biological
markers, and symptoms such as pain and tenderness.
Generally, the grade of a tumor follows the histologic
grading but a higher surgical grade may be assigned to a
tumor if it displays evidence of more aggressive radio-
graphic features or clinical behavior [1].
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Table 1 Components of the Enneking staging system (adapted
from [11])

Grade (G) 
G0 Benign
G1 Low-grade malignant
G2 High-grade malignant

Site (T) 
T0 Benign intracompartmental
T1 Aggressive intracompartmental
T2 Extracompartmental

Metastases (M) 
M0 No metastases
M1 Metastases present



Site

The anatomic location or site (T) of the tumor is classi-
fied according to whether the tumor is confined to its 
anatomic compartment of origin or has extended beyond
its natural barriers. A tumor may be intracompartmental
or extracompartmental. An intraosseous tumor is consid-
ered intracompartmental if it is confined to the intramed-
ullary portion of the bone without breaching the cortex.
It is considered extracompartmental if it has breached
the cortex and has involved the adjacent soft tissue or
joint. A lesion on the cortical surface is considered intra-
compartmental if it is still confined to the surface of the
bone and extracompartmental if it has invaded the med-
ullary cavity or outwardly to involve the adjacent soft
tissue or joint.

Metastasis

In the Enneking system, tumors without metastasis are
classified as M0. Lesions with metastatic disease are
classified as M1. Skip lesions are considered M1 lesions
because these lesions are caused by hematogenous
spread and have a prognosis similar to that of distant 
metastasis [1].

Staging

The Enneking staging system categorizes malignant tu-
mors into stages I–III (Table 2). Low-grade and high-
grade tumors without metastases are classified as stage I
and stage II lesions, respectively. Stage I and II lesions
are further classified into subcategories A and B, de-
pending on whether the tumor is intracompartmental or
extracompartmental. Lesions with metastasis are consid-
ered stage III lesions.

Nonmesenchymal tumors, such as Ewing’s sarcoma,
lymphoma, and leukemia, have different biological be-
havior and should not be staged under the Enneking
system [1]. In Ewing’s sarcoma, the site, tumor volume,
presence of metastases at diagnosis, and the tumor re-
sponse to chemotherapy are the main prognostic factors
[2].

Staging and limb salvage surgery

Limb salvage surgery aims to be curative as well as to
preserve limb function. Malignant Enneking stage 1 tu-
mors can generally be treated with wide excision and
limb salvage surgery. Stage 2 lesions usually cannot be
treated with a limb salvage operation alone, unless the
tumor is highly responsive to chemotherapy. Stage 3 
lesions that respond to adjuvant therapy can be treated
with wide excision. Palliative resection is reserved for
lesions that respond poorly to adjuvant therapy [1].

Generally, for limb salvage surgery to be successful,
the following conditions must be met: 

– Tumor is located in the extremities and/or axial skeleton.
– Tumor margins are amenable to surgery—this usually

means at least 6 cm of normal bone around the tumor
margins. Smaller margins may be accepted if the tu-
mor is responsive to pre-operative chemotherapy [3].

– Soft tissue tumor extension is localized—with ap-
proximately 2 cm of normal soft tissue around the
soft tissue mass.

– Neurovascular bundles are uninvolved, i.e., no en-
casement or invasion of the neurovascular structures
by tumor tissue.

– Metastases are not present or are resectable.
– General physical condition of the patient is adequate [4].

Involvement of the vessels does not necessarily mean
that limb salvage surgery cannot be performed, because
arterial bypass and en-bloc resection can be performed in
some cases. However, nerve involvement is more criti-
cal, e.g., encasement of the sciatic nerve usually pre-
cludes limb-sparing surgery. Contraindications to limb
salvage surgery are tumors which do not satisfy the
above criteria; lesions occurring in the distal lower ex-
tremities, where the functional results of the combination
of amputation and prosthesis are good; and local recur-
rence after previous attempt at limb salvage [5].

Imaging techniques in surgical staging

Radiography

Evaluation of bone lesions begins with conventional ra-
diographs. Lodwick et al. established a grading system
based on the radiographic features of the lesions. In order
of priority, the important radiographic signs are [6, 7]:

– Margins of the lesion—geographic, moth-eaten, or
permeative

– Penetration of cortex
– Presence or absence of sclerotic rim
– Presence or absence, and extent (if present), of the 

expanded cortical shell
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Table 2 Enneking surgical staging system for malignant bone and
soft tissue tumors (adapted from [11])

Stage Grade Site Metastasis

IA G1 T1 M0
IB G1 T2 M0
IIA G2 T1 M0
IIB G2 T2 M0
III G1-2 T1-2 M1



Lesions with well-defined or geographic margins are
classified as grade 1 lesions. These are subcategorized
depending on the margin characteristics into 1A (sclerot-
ic), 1B (well-defined) or 1C (poorly-defined). Grade 2
lesions are moth-eaten lesions that always show cortical
penetration. Grade 3 lesions are permeative lesions that
preserve the outline of the bone but have numerous
small, diffuse lytic lesions (Fig. 1). Although increasing
the radiographic grade generally correlates well with the
aggressiveness of the lesion, there will inevitably be
some degree of overlap between the different grades of
lesions, particularly those in grades 1C and 2. In these
cases, histologic evaluation of the lesion is essential in
determining the further management of these cases [1].
Furthermore, grade 2 and 3 lesions do not always corre-
spond directly with low-grade and high-grade malignant
lesions, respectively. Histologic evaluation is important
for definitive diagnosis.

The radiological appearances of bone lesions are thus
important in determining the subsequent management of
the patient. This has given rise to another classification
system relating the radiographic appearance of bone 
lesions to its subsequent management pathway. Group 1
lesions have definite radiographic benign features and do
not require further investigation. Group 2 lesions are very
likely to be benign, but should still be followed-up clini-
cally and radiographically. Group 3 lesions are benign 
lesions that exhibit aggressive behavior or are at risk of
pathological fracture and should be treated with elective
surgery. Group 4 lesions with aggressive radiographic
features should be considered malignant and require stag-
ing prior to biopsy and definitive therapy [8].

Computed tomography

The two main objectives of computed tomography (CT)
in children with primary malignant bone tumors are the
assessment of primary disease and the evaluation of lung
metastases. CT is very useful in evaluating tumors in
complex-shaped bones such as the spine and pelvis. CT
is also useful in evaluating the extent of cortical involve-
ment and breakthrough (Fig. 2), as well as the presence
of intratumoral calcification or ossification (Fig. 3).

Although MR imaging is widely felt to be superior to
CT in the evaluation of local tumor spread [9], a multi-
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Fig. 1 A 12-year-old boy with Ewing’s sarcoma of the left upper
femur. Radiograph of the left femur shows a permeative lesion
with ill-defined margins in the upper left femur complicated by a
pathological fracture. (Case courtesy of Dr. Tan and Prof. Stringer,
National University Hospital, Singapore)

Fig. 2a, b A 12-year-old girl with Ewing’s sarcoma of the right
scapula. a Frontal radiograph of the scapula shows marked sclero-
sis involving much of the bone. Evaluation of the body of the
scapula was difficult due to the overlying ribs. b Axial CT scan
shows the entire scapula, including the body to be involved with
the tumor. The tumor has a mixed sclerotic and lytic appearance
with a spiculated periosteal reaction (arrow). (Case courtesy of Dr.
Tan and Prof. Stringer, National University Hospital, Singapore)



center study concluded that CT is equally effective [10].
However, the higher contrast resolution of MR imaging
makes it the favored modality and it is generally rec-
ognized as being superior to CT [9]. The choice be-
tween CT and MR imaging is influenced by local fac-
tors such as cost and availability of the different modali-
ties, and the working understanding between diagnostic
radiologists and referring clinicians. CT is better than
MR imaging in the evaluation of subtle cortical lesions
[11], matrix calcification, and periosteal new bone for-
mation.

Unenhanced CT of the thorax is recommended for all
patients during the surgical staging of bone tumors as it
is more sensitive than chest radiographs for detection of
pulmonary metastases.

Bone scintigraphy

Technetium (Tc)-99m-labeled diphosphonate scintigra-
phy is used in the staging of bone tumors to evaluate for
the presence of metastases, skip lesions, and in recurrent
disease. When an area of increased tracer uptake is noted
on the bone scintiscans, radiographs of that region are
required. If the radiographs are inconclusive, further
evaluation with CT or MR imaging should be performed.
Biopsy may also be considered if the CT and MR scans
are negative, the patient is symptomatic, and there re-
mains a strong clinical suspicion of metastasis.

Angiography

Conventional angiography is occasionally performed to
evaluate the blood supply and as a prelude to emboliza-
tion for prophylactically decreasing hemorrhage before
surgery [1]. It is now seldom used to diagnose neurovas-
cular bundle involvement as this can be more accurately
and less invasively assessed using CT or MR imaging.

Ultrasonography

Although the role of ultrasonography (US) is limited in
patients with primary bone tumors, it may be used in
conjunction with other modalities such as MR imaging
or CT if artifacts from orthopedic hardware prevent
proper evaluation. US can be used to assess the relation-
ship of local tumor spread to the neurovascular bundle
and to guide biopsy of lesions, if necessary. Color Dopp-
ler US may also be used to assess regression of tumor
neovascularity during the course of treatment [12].

Image-guided biopsy

Image-guided biopsy of primary bone tumors is cheaper,
less invasive, and has a lower complication rate compared
to open biopsy [11]. Disadvantages include a suboptimal
biopsy specimen, but this risk can be minimized by having
a pathologist present at the time of biopsy to review the
tissue samples obtained. Modalities for guiding biopsy in-
clude fluoroscopy, US, CT, and MR imaging. General an-
esthesia is usually necessary in children. In experienced
hands, image-guided biopsy has a low complication rate
and is diagnostic in the vast majority of cases [11].

MR imaging

Technical considerations

In large primary malignant or aggressive bone tumors,
initial imaging using a volume coil to obtain a broader
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Fig. 3a, b A 12-year-old boy with osteosarcoma of the left scapu-
la. a Frontal radiograph of the left scapula shows an amorphous
area of ossification projected over the left scapula. b Axial CT
scan shows an aggressive sclerotic lesion arising from the scapula.
There is anterior soft tissue extension. Biopsy confirmed an osteo-
sarcoma



may then be used to obtain higher resolution images that
focus on the tumor itself. In subsequent examinations,
smaller surface coils may be used. Parameters such as
slice thickness, inter-slice gap, number of excitations,
and matrix size depend on the lesion size, area of inter-
est, and pulse sequence used. A surface marker (e.g., 
vitamin A capsule) should be placed over the lesion. In
lesions involving the lower limb, a comparative exami-
nation is systematically performed with the opposite
limb.

Conventional T1- and T2-weighted spin-echo (SE)
sequences are still the main sequences used in MR imag-
ing. Generally, pathological tissues are hypointense on
T1-weighted sequences and hyperintense on T2-weight-
ed sequences. Sequences such as fat-saturated fast spin-
echo (FSE) T2-weighted and short-T1 inversion recov-
ery (STIR) sequences are also frequently used in deter-
mining the extent of malignant bone infiltration although
most authors still prefer T1-weighted sequences for the
evaluation of intramedullary tumor spread and skip 
lesions [13] (Fig. 4). Opinions vary regarding the com-
parative accuracy of T1-weighted and STIR sequences in
the evaluation of intraosseous tumor spread [13, 14].

Fat-saturated T1-weighted sequences are obtained af-
ter the intravenous administration of gadolinium diethy-
lene triamine penta-acetic acid (Gd-DTPA), in order to
increase the signal intensity of pathological tissues. The
use of Gd-DTPA has been found to be useful in [11, 15]:

– Distinguishing cystic from solid areas within tumor
tissue [11]

– Distinguishing necrotic tissue and peritumoral edema
from viable tumor tissue [11]

– Adding specificity in tissue characterization [15]
– Staging of local extent of tumor spread (Fig. 5) [15]
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Fig. 4a, b A 12-year-old boy with osteosarcoma of the left lower
femur. a Coronal T1-weighted and b fat-saturated T2-weighted
MR images show a large tumor in the lower femur

Fig. 5a–c An 8-year-old girl
with osteosarcoma of the left
lower femur. a Axial T1-
weighted and b fat-saturated
T2-weighted enhanced images
show the tumor breaking
through the cortex of the bone
(arrows). The neurovascular
bundle is not involved (arrow-
head). c Coronal T1-weighted
image shows the longitudinal
extent of the tumor (arrows)

field-of-view is useful. The entire bone including the
joints just above and below the affected bone must be
imaged to detect skip lesions and joint involvement. 
After skip lesions are excluded, smaller surface coils



– Biopsy planning [15]
– Monitoring preoperative chemotherapy [15]
– Detection of recurrence or residual tumor after sur-

gery and other forms of treatment [15].

Evaluation of tumor vascularity is important in the pre-
operative assessment of primary bone tumors because 
it provides information regarding vascular invasion by
the tumor and whether or not embolization is required 
in highly vascular tumors [16]. In some centers, MR 
angiography has replaced conventional angiography in
the preoperative evaluation of tumor vascularity because
it is noninvasive and provides good visualization of pe-
ripheral vascular branches and tumor neovascularity in
patients [17].

Role of MR imaging in surgical staging

The main role of MR imaging is in the evaluation of
whether a tumor is located in the extramedullary or intra-
medullary compartments. MR imaging is able to detect
tumor involvement of the adjacent muscle compartments,
neurovascular structures, growth plate, and joints [9, 11,
18, 19]. Evaluation of neurovascular involvement can be
accurately assessed on T1-weighted images because of
the contrast between the tumor (low signal intensity) and
the fat surrounding the neurovascular bundle (high signal
intensity) [20]. Other sequences with fat-saturation such
as T2-weighted FSE, proton-density weighted, and con-
trast-enhanced axial T1-weighted sequences have also
been used to evaluate neurovascular bundle involvement
[13, 21, 22] (Fig. 6). MR imaging features of neurovascu-
lar bundle involvement include complete encasement
and/or infiltration of the vessels [13]. Involvement of the
vascular structures may require vascular reconstruction
while involvement of the lumbosacral plexus or sciatic
nerve may preclude limb salvage [16].

Although some authors have found MR imaging to 
be sensitive in the evaluation of joint involvement [19],
tumor over-staging was a problem in some cases [23].
Enhanced T1-weighted sequences are the most useful se-
quence in the evaluation of joint involvement by tumor,
but synovial enhancement may mimic tumor involve-
ment [24] (Fig. 7). The presence of joint effusion is not
diagnostic of tumor involvement, as joint effusion may
be reactive in nature. The absence of joint effusion, how-
ever, has a high negative predictive value of 92% [23].

Assessment of the intramedullary extent of primary
bone tumors includes longitudinal medullary extent,
epiphyseal involvement, and skip metastases [13]. Growth
plate and epiphyseal involvement is more accurately as-
sessed on MR imaging than on radiographs [25] (Fig. 8).

Whole-body MR imaging using echo planar, STIR,
and T1-weighted spin-echo sequences to detect patients
with suspected skeletal metastases has shown a high sen-
sitivity and specificity in the detection of metastases [26,
27, 28]. There is also evidence that whole-body MR im-
aging is more accurate than conventional planar Tc-99m-
MDP scintigraphy [26].

Assessment of treatment response

The aim of preoperative chemotherapy is to eradicate
microscopic metastases and reduce the size of the prima-
ry tumor, making limb salvage surgery possible in some
cases [29]. The response of tumors to preoperative che-
motherapy is an important prognostic factor for indicat-
ing the relapse-free interval and survival in osteosarcoma
and Ewing’s sarcoma [30, 31].

MR imaging can be used to assess tumors after che-
motherapy [14, 32]. Static unenhanced sequences show-
ing postchemotherapeutic signal changes and changes in
tumor size may not correlate well with the histopatholog-
ic response in some tumors because postchemotherapy

470

Fig. 6a, b A 13-year-old girl
with osteosarcoma of the right
upper tibia. a Axial unen-
hanced T1-weighted image
shows a soft tissue mass dis-
placing the neurovascular 
bundle (arrow). The fatty rim
surrounding the neurovascular
bundle is displaced but pre-
served. b Axial enhanced fat-
saturated T1-weighted image
confirms the neurovascular
bundle to be intact (arrow)



MR signal changes can be complex and may represent
necrosis, hemorrhage, edema, granulation tissue, and/or
fibrosis [31]. Some indicators of good response include
the following:

– Decrease in signal intensity on T2-weighted images [10]
– Combination of a circumferential hypointense rim to-

gether with a reduction in size of the soft tissue com-
ponent in Ewing’s sarcoma [21]
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Fig. 7a–c A 9-year-old boy with osteosarcoma of the right humer-
us. a Frontal radiograph of the right upper humerus shows a de-
structive osteolytic lesion involving the upper metaphysis. The
epiphyseal plate is eroded and the inferomedial epiphysis is in-
volved. b Axial T1-weighted MR image of the right humeral head
shows total tumor replacement of normal marrow within the hu-

meral epiphysis. The glenohumeral joint is involved (arrow). 
c Coronal enhanced fat-saturated T1-weighted MR image shows
the heterogeneously enhancing tumor with shoulder joint involve-
ment and marked synovial enhancement (arrowheads). Diffusion
of contrast into the joint space has occurred due to the slight delay
in obtaining this sequence (arrow)

Fig. 8a–d A 9-year-old boy with osteosarcoma of the right distal
femur. a Frontal radiograph shows the typical appearance of 
an osteosarcoma in the distal metaphysis. Involvement of the
epiphyseal plate is difficult to ascertain. b Coronal unenhanced
T1-weighted, c coronal, and d sagittal enhanced fat-saturated 
T1-weighted MR images show the heterogeneously enhancing 
primary tumor within the distal metaphysis extending up to the
mid-shaft of the femur. The tumor has crossed the epiphyseal plate
and involved the epiphysis. The joint was not involved. A large
soft tissue component is present



– Increased homogeneous T2-weighted signal within
the intramedullary portion of Ewing’s sarcoma which
indicates tumor replacement by the hypocellular mu-
comyxoid matrix [21]

Contrast-enhanced MR imaging is useful in assessing
remnant tumor in patients after treatment. Viable remnant
tumor enhances to a greater degree than nonviable tissue
[33]. Necrotic tumor areas do not enhance on post-Gd-
DTPA images [34]. Differentiation between viable and
nonviable tumor tissue is better made on dynamic scans
compared to static scans because viable residual tumor 
is characterized by earlier and more rapid uptake of the
contrast agent (Fig. 9) [35]. Differentiation may be diffi-
cult on static scans because vascularized granulation 

tissue, neovascularity in necrotic areas, and reactive 
hyperemia may also occur after the administration of con-
trast medium. In patients with osteosarcoma and Ewing’s
sarcoma, good responders to chemotherapy show a rela-
tive reduction of the enhancement uptake slopes after
chemotherapy compared to the prechemo-therapy slopes,
while poor responders show little or no reduction [36].
Parametric first-pass imaging and subtraction MR imag-
ing have also been used to increase the detection of early
arterial enhancement within viable residual tumor [36].

MR spectroscopy (MRS) using phosphorus-31 (31P)
to provide indicators of response to chemotherapy in
musculoskeletal tumors has been studied [37]. There are
early spectral changes in human extremity sarcomas af-
ter therapy. Sijens has shown that the 31P MR spectra
measured before treatment, and the changes in phosphate
metabolites measured shortly after treatment, correlate
with the clinical response after 2 or 3 months [38]. Limi-
tations of MRS include the technical difficulty in obtain-
ing representative spectra from all locations within the
tumor, contamination of tumor spectra from phosphorus
in adjacent normal tissues, and its insensitivity to tumor
heterogeneity due to low spatial resolution that can be
achieved at 1.5 or 2 T with 31P MRS [33].

Detection of tumor recurrence

Theoretically, recurrence is suspected when a lesion that
is hypointense on T1-weighted sequences and hyperin-
tense on T2-weighted sequences is seen at the previous
tumor site [39–41]. Areas of T2-weighted hyperintensity
may, however, be caused by radiation-induced tissue
changes, postsurgical seroma, hematoma, fat necrosis,
surgical hemostatic packing material, soft tissue ex-
panders, and intercalary bone allograft [25, 40]. Lack of
high signal on T2-weighted images in a nonnodular 
lesion with low to intermediate signal intensity on T1-
weighted images is said to be typical of chronic postther-
apeutic changes and not recurrence [42].

Dynamic contrast-enhanced MR imaging may be
helpful in detecting early enhancement that is not seen 
in posttherapeutic changes [18]. Reconversion of fatty
marrow to hematopoietic marrow may occur in children
with osteosarcoma treated with chemotherapy and granu-
locytic colony-stimulating factor. This may resemble 
recurrent tumor on MR imaging although reconverted
marrow usually occurs bilaterally and symmetrically,
and is usually isointense to skeletal muscle [43].

Positron emission tomography

Evaluation of treatment response and tumor recurrence

FDG-PET is a promising tool for the evaluation of adju-
vant chemotherapy response in osteosarcoma [44].
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Fig. 9a, b A 15-year-old boy with osteosarcoma of the distal fe-
mur. a Axial fat-saturated T1-weighted MR image of the right dis-
tal femur shows region of interests (ROIs) drawn over normal
muscle (8), a peripheral vein (9), tumor within the femur (6), soft
tissue tumor mass (5), and a nonenhancing area of soft tissue (7).
b Dynamic time-intensity curves show a steep rise in tumor tissue
as seen in ROIs (5) and (6). A similar but delayed steep rise is also
seen in the peripheral vein (9). The ROI is drawn over nonenhanc-
ing soft tissue (7) and normal muscles (8) show only mild rise in
their respective time-intensity curves



Schulte et al. found that the decrease of FDG uptake in
osteosarcomas expressed as a ratio of posttherapeutic and
pretherapeutic tumor-to-background ratios (TBR) showed
a close correlation to the amount of tumor necrosis in-
duced by chemotherapy (P<0.001; Spearman). With a
TBR ratio cut-off level of 0.6, all responders and eight of
ten nonresponders could be identified by FDG-PET.

FDG-PET can be used in conjunction with MR imag-
ing to distinguish viable tumor from posttherapeutic
changes in patients with bone and soft-tissue sarcomas
[45]. Although occasional persistent uptake has been
seen in therapy-related fibrous tissue [46], FDG-PET re-
mains a promising and useful modality in the detection
of postchemotherapy recurrence in bone sarcomas.

Detection of metastases

An added attraction of PET is its ability to evaluate for
the presence of metastasis at the same time as evaluating
the primary tumor. FDG-PET is more sensitive than
bone scintigraphy in the detection of osteolytic metastat-
ic lesions, but the detection of osteoblastic metastases is
less than satisfactory [47]. There are reports that high-
quality tomographic PET bone scans are possible with
18F–fluoride with possible advantages in sensitivity and
specificity over conventional bone scintigraphy [48].

Imaging protocol and conclusion

Imaging has an important role in the staging of bone 
tumors. Accurate staging enables an appropriate choice
of therapy for affected patients. An appropriate imaging
protocol should always begin with radiography. Lesions
that are clearly benign do not require further treatment
and may be followed up clinically and radiologically.
Suspicious aggressive appearing or clearly malignant 
lesions require further evaluation and local staging 
with cross-sectional imaging such as CT or MR imag-
ing. CT is useful for detailed assessment of subtle bony
lesions and complex-shaped bones. CT of the thorax
should be performed to evaluate for the presence of lung
metastases. Currently, MR imaging is the modality 
of choice in the local staging of the primary tumor. 
Dynamic contrast-enhanced MR imaging may be useful
in determining the absence or presence of recurrent 
or residual tumor after treatment. Evaluation of bone
metastases and the detection of viable local recurrent or
residual tumor after treatment are usually performed 
using bone scintigraphy, although whole-body MR 
imaging and PET are possible future replacements. It 
is likely that in the future PET imaging will have an 
increasing role in the staging of primary bone tumors in
children.
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