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Abstract
Objective To compare whole-body MRI (WB-MRI) at 1.5/3T and bone scintigraphy in the skeletal staging of Ewing sarcoma
(ES) of bone.
Methods All patients with a histological diagnosis of ES of bone between 2007 and 2018 were retrospectively reviewed. The
analysis included gender, mean age, skeletal distribution, and prevalence of skeletal metastases on WB-MRI and bone
scintigraphy.
Results The study group comprised 182 patients with a mean age of 18.0 years (range 2–56 years), 126 males and 56 females.
Skeletal metastases were detected overall in 30 patients (16.5%), in 23 of 96 patients (24%) who underwent WB-MRI, and in 20
of 118 patients (16.9%) who underwent bone scintigraphy. Of 71 patients who underwent both WB-MRI and bone scintigraphy,
skeletal metastases were detected on both modalities in 13 (18.3%), while in 4 patients, skeletal metastases were identified on
WB-MRI alone. There were no patients in whom skeletal metastases were identified on bone scintigraphy alone. Of 13 patients
with skeletal metastases who underwent both studies, WB-MRI showed a greater number of metastatic foci in 10 (76.9%).
However, scintigraphy was superior to WB-MRI in detecting skull vault lesions, but did show false-positive results around the
long bone growth plates.
Conclusion WB-MRI is more sensitive than bone scintigraphy in detecting skeletal metastases in ES of bone, with the exception
of skull vault metastases. Consideration should be given to replacing bone scintigraphy with WB-MRI.
Key Points
• Whole-body MRI is more sensitive than bone scintigraphy in detecting skeletal metastases in Ewing sarcoma of bone.
•Whole-bodyMRI can safely replace bone scintigraphy for staging of the skeleton, with the acknowledgement of the possibility of
missing a clinically occult skull vault metastasis.

Keywords Ewing sarcoma .Magnetic resonance imaging . Radionuclide imaging

Abbreviations
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Introduction

Ewing sacrcoma (ES) is the second commonest primary bone
malignancy in children and adolescents, after osteosarcoma
(OS) [1–3]. Accounting for 3% of all paediatric cancers, ES
has an incidence of approximately 3 per million per year [2,
3], and a peak incidence in adolescents and young adults with
a median age at diagnosis of 15 years [4]. A slight male pre-
dilection (M:F ratio 1.5:1) is observed, as is a strikingly lower
incidence in patients of African and Chinese descent [2–4].

All patients with a possible diagnosis of ES should be re-
ferred urgently to a specialist sarcoma centre for multi-
disciplinary team (MDT) discussion. As laid out in the
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British Sarcoma Group 2016 guidelines by Gerrand et al, im-
aging evaluation should include radiographs and MRI of the
local site [4]. Where ES arises in the appendicular skeleton,
MRI should include the entire involved bone and adjacent
joints to detect skip metastases. Staging requires a chest CT
and investigation for distant bone metastases. Whole-body
bone scintigraphy is recommended by both the UK [4] and
European [5] guidelines for the management of bone sarco-
mas, although both groups recognise the potential role of
whole-bodyMRI (WB-MRI) and PET/CT. Bone scintigraphy
is also the evaluation technique used for the assessment of
skeletal metastases in the Euro Ewing 2012 trial. However,
several studies comparing bone scintigraphy with MRI in a
variety of tumours metastasising to bone have shown WB-
MRI to be more sensitive than bone scintigraphy [6–11].

The aim of this study was to compare WB-MRI and bone
scintigraphy in the skeletal staging of ES of bone in the setting
of a specialist bone sarcoma service.

Methods

The study was approved by the local Research and
Development Committee with a waiver for informed patient
consent. All patients with a histologically confirmed diagnosis
of ES of bone between January 2007 and December 2018
were identified from the pathology database. Patients present-
ing with recurrent ES or extra-skeletal ES were excluded.

The analysis included gender, age and skeletal distribution
of the primary tumour. Imaging studies included a combina-
tion of radiography and MRI of the primary tumour, chest CT
and skeletal staging with bone scintigraphy and/or WB-MRI.
All imaging studies had been reported by a consultant muscu-
loskeletal radiologist working within the setting of a specialist
musculoskeletal sarcoma service and were reviewed by a
musculoskeletal radiology fellow. Where there was disagree-
ment, a final decision was made by a consultant musculoskel-
etal radiologist with over 24 years of experience of musculo-
skeletal sarcoma imaging. All cases were also reviewed fol-
lowing imaging studies and biopsy at the sarcoma MDT
meeting.

WB-MRI was performed using either a 1.5T system (86
cases) (Philips Achieva 1.5T) or a 3T system (10 cases)
(Philips Ingenia 3T). Patients were placed supine within a
Q-body coil. Sequences were as follows. For 1.5T, coronal
T1-weighted spin echo (T1W SE): TR = 678 ms, TE =
18 ms, matrix of 512 and 6 mm slice thickness. Short T1
inversion recovery (STIR): TR/TI = 3000/165 ms, TE =
64 ms, matrix of 512 and 6 mm slice thickness. For 3T, cor-
onal T1W SE: TR = 683 ms, TE = 8 ms, matrix of 512 and
6 mm slice thickness. STIR: TR/TI = 8100/230 ms, TE =
70 ms, matrix of 512 and 6 mm slice thickness. The WB-
MRI examination took 30 min and was performed under

general anaesthesia in young children. Skeletal metastases
were diagnosed on WB-MRI if there was a single or multifo-
cal areas of marrow abnormality on T1W SE and STIR im-
ages that had features consistent with marrow infiltration, as
have been previously described in the literature (Fig. 1)
[12–14].

Standard skeletal scintigraphy was performed using a pla-
nar single-phase technique. Whole-body scans were obtained
3–4 h after intravenous injection of 600 MBq 99mTc–MDP in
adults. In children, the dose was adjusted to body weight ac-
cording to the ARSAC guidelines together with physicist in-
put. Images were acquired using a dual-head gamma camera
(Philips Axis Dual Head Nuclear Gamma Camera) with a low
energy, high-resolution parallel hole collimator at a speed of
8.75 cm/min. The effective dose for the whole-body bone scan
in adults was 2.9 mSv and the examination duration was
25 min. In some cases, the bone scan had been performed
externally, but underwent the same method of review. With
regard to bone scintigraphy, a skeletal metastasis was defined
as focal increased radionuclide uptake relative to adjacent nor-
mal marrow, not in a location attributable to physiologically
increased uptake such as the open physis, or characteristic of
degenerative change (Fig. 2) [13].

For patients in whom both imaging techniques were per-
formed (n = 71), the mean time interval between WB-MRI
and bone scintigraphy was 2.6 days (range 0–35 days). In 41
cases (57.7%), both investigations were performed on the
same day, in 64 cases (90.1%) within 1 week of each other,
in 67 cases (94.4%) within 2 weeks of each other, and in 4
cases greater than 2 weeks. Twenty-eight of 118 (23.7%) nu-
clear medicine studies had been performed prior to referral,
while 90 (76.3%) were performed at our institution.

Results

The study group comprised 182 patients with a mean age of
18.0 years (range 2–56 years), with 126 (69.2%) males and 56
(30.8%) females. Primary tumours arose in the appendicular
skeleton in 84 cases (46.2%), the flat bones in 73 (40.1%), the
spine in 18 (9.9%), and the foot in 6 (3.3%). In a single case, the
primary site could not be determined, the patient presenting with
widespread bone lesions. The skeletal distribution of ES is
summarised in Table 1. In the appendicular skeleton, tumours
were found most commonly in the diaphysis (34 patients)
followed by the metadiaphysis (31 patients). Twenty tumours
arose in the metaphysis, of which five extended into the epiph-
ysis. One hundred seventy-three tumours were located in the
medulla, while nine arose from the surface of the bone.

Overall, 30 of the 182 patients (16.5%) had skeletal metas-
tases on imaging, including distant metastases and skip me-
tastases in appendicular bones. Skeletal metastases were dem-
onstrated in 23 of the 96 patients (24%) who underwent WB-
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MRI. Of the 118 patients in whom bone scintigraphy was
performed, skeletal metastases were detected in 20 (16.9%).
Of the 71 patients who underwent both WB-MRI and bone
scintigraphy, skeletal metastases were detected on both mo-
dalities in 13 (18.3%), while skeletal metastases were apparent
on WB-MRI only in 4 patients. There were no patients who
underwent both modalities in whom skeletal metastases were
identified on bone scintigraphy alone. In these 13 patients,
WB-MRI demonstrated a greater burden of skeletal metastatic
disease in 10 (76.9%) (Figs. 1 and 2), while scintigraphy was

false-positive for metastatic disease in 2 patients at the prox-
imal humerus, the proximal femora and around the sacroiliac
joints. In 7 patients where scintigraphy clearly demonstrated
skull vault lesions, WB-MRI was either considered to be nor-
mal in this location or did not clearly identify the lesions in 5
cases.

Figures 3, 4, and 5 illustrate 3 of the cases in which skeletal
metastases were detected onWB-MRI only. Histological con-
firmation of skeletal metastasis was obtained in one patient
with a primary tumour in the left fifth metatarsal, who

Fig. 1 Coronal T1W SE (a) and
coronal STIR (b) whole-body
MRI in a 32-year-old male with
primary Ewing sarcoma of the
right 5th rib (arrows) and metas-
tases in L4, the right acetabulum,
the right proximal femur, and the
left ilium (arrowheads)
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underwent CT-guided biopsy of a left tibial lesion, confirming
the diagnosis of metastatic ES (Fig. 3).

Discussion

Accurate staging of ES is critical to establish the prognosis
and to optimise treatment. Metastatic disease is reported in
26% of patients at presentation, occurring to the lungs
(10%), bone/bone marrow (10%), and rarely other sites (6%)
[4]. The presence of metastatic disease is the most significant
adverse prognostic factor [2, 15]. In patients with ES of bone,

greater survival is observed in patients with lung metastases
only, compared with those with skeletal metastases or a com-
bination of both [15]. Using current multimodality treatment
including surgery, radiotherapy and chemotherapy, 5-year sur-
vival for ES is 60–70% for localised disease, but only 20–40%
in patients with metastatic disease [4].

99mTc–MDP bone scintigraphy is currently the recom-
mended method for staging bone sarcomas [4, 5] and is also
currently the technique utilised in the Euro Ewing 2012 trial.
Bone scintigraphy is more sensitive than radiography and CT
for the detection of bone metastases [6, 8] and is readily avail-
able and easily performed at relatively low cost. 99mTc–MDP

Fig. 2 Whole-body bone
scintigraphy in the same 32-year-
old male as in Fig. 1 with primary
Ewing sarcoma of the right 5th rib
(arrow) showing a metastasis in
the right ischium (arrowhead).
Note that the additional bone me-
tastases shown on whole-body
MRI in Fig. 1 are
scintigraphically occult
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analogues localise to phosphorus groups of calcium hydroxy-
apatite produced by osteoblasts, and therefore uptake relies on
an osteoblastic host reaction to tumour deposits, rendering it

an indirect tumour marker [16]. As a result, bone metastases
are detected on scintigraphy at a relatively advanced stage of
tumour infiltration [7]. In contrast, MRI and FDG PET have
the advantage of depicting bone metastases at an earlier stage
of growth once tumour cells have deposited in the
intramedullary compartment, resulting in replacement
of normal haematopoietic marrow and tumour cell pro-
liferation before the osteoblastic host reaction has oc-
curred [7]. MRI demonstrates bone metastases with high
anatomic detail as neoplastic infiltration disrupts normal
bone marrow cell composition which in turn causes ab-
normal signal intensity, whereas FDG PET depicts the
increased glucose metabolism [7].

The clinical utility of WB-MRI in detecting skeletal metas-
tases and its superiority to bone scintigraphy have been dem-
onstrated in a variety of tumours that metastasise to bone in
both adults and children [8, 16–25]. The current study is the
largest report comparing WB-MRI and bone scintigraphy in
the skeletal staging of ES of bone, with the incidence of bone
metastases on WB-MRI being 24% compared with 16.9% for
bone scintigraphy. Also, of the 71 patients who underwent
both imaging modalities, 4 had skeletal metastases detected
only on WB-MRI while there were none in whom skeletal
metastases were identified on bone scintigraphy alone.
However, scintigraphy was clearly superior to WB-MRI in
the detection of skull vault lesions, although in none of these

Fig. 3 a Whole-body bone scintigraphy in an 18-year-old male demon-
strates increased uptake in the left foot corresponding to the primary
Ewing sarcoma in the 5th metatarsal, with no other abnormal uptake
identified. Coronal T1W SE (b) and coronal STIR (c) whole-body MR
images acquired on the same day show a small lesion in the left lateral

tibial plateau (arrows) which was felt to be indeterminate but concerning
for a metastasis. d CT demonstrated a small lytic lesion (arrow), which
was sampled by CT-guided biopsy yielding a histological diagnosis of
metastatic Ewing sarcoma (e)

Table 1 Skeletal distribution of primary Ewing sarcoma of bone

Location 1 Location 2

Appendicular = 84 (46.2%) Humerus = 12 (6.6%)

Radius = 1 (0.5%)

Femur = 41 (22.5%)

Tibia = 12 (6.6%)

Fibula = 18 (9.9%)

Pelvis = 42 (23.1%) Ilium = 26 (14.3%)

SPR = 10 (5.5%)

IPR = 4 (2.2%)

Ischium = 2 (1.1%)

Chest wall = 31 (17.0%) Rib = 16 (8.8%)

Scapula = 11 (6.0%)

Clavicle = 4 (2.2%)

Spine = 18 (9.9%) Mobile = 7 (3.8%)

Sacrum = 11 (6.0%)

Foot = 6 (3.3%) Tarsal = 2 (1.1%)

Metatarsal = 4 (2.2%)

Other = 1 (0.5%) Unknown = 1 (0.5%)

Total 182 (100%)
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cases were the skull vault metastases isolated. Therefore, in
this group of patients, bone scintigraphy added no diagnostic
value whenWB-MRI was performed, which is consistent with
previously reported smaller studies [7, 8, 26].

In a report of 39 children and young adults with primary
tumours having the potential to metastasise to bone, including
20 with ES, Daldrup-Link et al found WB-MRI to be more
sensitive than bone scintigraphy, while FDG PET was the
most sensitive technique overall [7]. The reported sensitivities
were 90% for PET, 82% for WB-MRI and 71% for bone
scintigraphy, but with regard to ES, the sensitivities were
88% for PET and 80% for both WB-MRI and bone scintigra-
phy. Most false-negative results were located in the small or
flat bones for MRI, in the spine for bone scintigraphy, and in
the skull for PET. Daldrup-Link et al identified most false-
positive findings with PET. The sensitivities of bone scintig-
raphy andMRI were significantly increased by either combin-
ing with each other (90%) or combining with PET (96%).
However, the sensitivity of PET was not increased by the
combination with either of the other imaging modalities [7].
TheWB-MRI protocol used by Daldrup-Link et al constituted
axial T1W SE images in all patients, with STIR acquired only
in their first 10 cases. Our WB-MRI protocol comprised cor-
onal T1W SE and STIR imaging in all cases, which may

explain the increased sensitivity of WB-MRI compared with
bone scintigraphy in our study, which was not found by
Daldrup-Link [7].

Quartuccio et al compared the diagnostic performance of
FDG PET/CT and conventional imaging, including MRI,
bone scintigraphy and CT for staging and follow-up of paedi-
atric skeletal ES and OS [26]. A total of 20 metastatic bone
lesions were found in 44 patients with ES. MRI had a sensi-
tivity of 100%, specificity of 75% and overall diagnostic ac-
curacy of 88.9%. PET/CT had a sensitivity of 100%, specific-
ity of only 25% and diagnostic accuracy of 85%, while bone
scintigraphy had a sensitivity of 62.5%, specificity of 100%
and diagnostic accuracy of 70%.

Kumar et al compared WB-MRI with skeletal scintigraphy
and FDG PET in 26 paediatric patients with small round cell
neoplasms, including 11 ES/PNET [8]. They found WB-MRI
to have a sensitivity of 97.5%, specificity of 99.4%, positive
predictive value of 97.5% and negative predictive value of
99.4%, compared with respective values of 30%, 99.4%,
92.3% and 85.6% for skeletal scintigraphy. FDG PET/CT
had a sensitivity of 90%, specificity of 100%, positive predic-
tive value of 100% and negative predictive value of 97.7% [8].
In a systematic review by Smets et al evaluating the diagnostic
performance of WB-MRI in the detection of skeletal

Fig. 4 a Whole-body bone scintigraphy in a 43-year-old male demon-
strates increased uptake in the left tibia corresponding to the primary
Ewing sarcoma, with no other abnormal uptake identified. Coronal

STIR (b) and coronal T1W SE (c) whole-body MR images acquired
5 weeks later demonstrate multiple focal lesions in the left lesser trochan-
ter and proximal femoral shaft (arrows) consistent with metastases
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metastases in children with malignant primary solid tumours,
including 39 ES/PNET, the sensitivity of WB-MRI ranged
from 82.4–100% [17].

Primary ES of bone typically has a lytic appearance, al-
though rarely can be sclerotic [27]. In a study comparing bone
scintigraphy and FDG PET/CT in staging ES, Ulaner et al
examined 47 patients with ES of bone, among whom 44 pri-
mary tumours had a lytic appearance on CT while 3 were
sclerotic [27]. Twelve patients had skeletal metastases, which
were identified on PET/CT in 11 cases and on bone scintigra-
phy in 9. Ulaner et al found no additional benefit of bone
scintigraphy over PET/CT in patients whose primary tumour
had a lytic appearance. They suggested that bone scintigraphy
may be omitted from the initial staging of ES of bone, unless
rarely the primary tumour was sclerotic, as blastic metastases
show low FDG uptake but are detectable on bone scintigraphy
[27].

Although we did not evaluate FDG PET, its merits and
drawbacks warrant some comment given its increasing use.
Histological response to neoadjuvant chemotherapy, in partic-
ular tumour necrosis, is one of the most important prognostic
factors in ES [28, 29]. FDG PET has been found to be accurate
in assessing histological response to chemotherapy and

predicting survival and is superior to MRI in this regard
[28]. In a study including 45 patients with ES, Palmerini
et al reported an association between standardised uptake
values (SUV) at baseline and histological/radiological re-
sponse in patients with ES and also found that SUVat baseline
is predictive of event-free survival in ES [29]. PETalso has the
advantage of detecting extra-skeletal metastases which may
not be apparent on MRI or bone scintigraphy. However,
PET requires additional CT or MRI to overcome its poor spa-
tial resolution and is also limited in the detection of skull
metastases due to the high glucosemetabolism in normal brain
[7]. Furthermore, PET has a considerably higher radiation
dose compared with skeletal scintigraphy, while MRI has the
advantage of conferring no ionising radiation. The effective
dose of FDG PET/CT has been reported to range from 13.5–
32.2 mSv, a consideration particularly in paediatric patients as
survival rates improve [30, 31]. In addition, PET has been
reported to show a relatively high number of false-positive
lesions which require follow-up [7]. PET remains less acces-
sible and more expensive than WB-MRI and bone scintigra-
phy. PET/MRI is now also clinically available and has been
utilised in the setting of paediatric malignancy, a particular
advantage being the total lack of ionising radiation [32–34].

Fig. 5 a Whole-body bone scintigraphy in a 5-year-old female demon-
strates increased uptake in the left femur consistent with the primary
Ewing sarcoma. Coronal STIR (b) and coronal T1W SE (c) whole-

body MR images acquired 9 days later demonstrate a focal lesion in the
left proximal femoral shaft (arrows) consistent with a skip metastasis,
which was scintigraphically occult
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However, its role in the skeletal staging of ES is yet to be
established.

The current study has several limitations. The WB-MRI
and scintigraphic diagnosis of skeletal metastases were based
on the identification of typical imaging appearances [13],
which is in keeping with clinical practice where biopsy is only
performed in indeterminate cases, such as illustrated in Fig. 3.
Therefore, in the absence of a histological ‘gold standard’,
sensitivity and specificity could not be determined for either
technique. Due to the retrospective nature of the study, there
was no standard protocol. Ideally, all WB-MRI and bone scin-
tigraphy studies should have been performed on the same day
using identical techniques, thus allowing the most accurate
comparison between modalities. We had to rely on the assess-
ment of external bone scans in 23.7% of cases, but they were
all considered to be of diagnostic quality. Regarding time de-
lay between studies, 57.7% were performed on the same day
and 90.1% within 7 days of each other, so it is not felt that this
significantly influenced the results. Due to the 12-year retro-
spective nature of the study, it would never have been possible
to use state-of-the-art equipment or the most up-to-date se-
quences, but the length of the study was required to allow as
many patients to be included considering the rarity of the
tumour. It is possible that newer WB-MRI sequences such
as whole-body diffusion-weighted imaging, WB-Dixon se-
quences and possibly the use of contrast may be more sensi-
tive than basic T1W SE and STIR sequences [9, 35]. It is also
likely that the use of SPECT-CT would have increased the
sensitivity of the detection of skeletal metastases [11], but this
would be at the cost of a significant increase in radiation dose
which is undesirable in a predominantly paediatric/adolescent
population. The overall number of metastases was low, but
consistent with the reported literature. Clinical and imaging
follow-up of skeletal metastases including treatment response
was not assessed, but this was not an aim of the study.

Scintigraphy was better than WB-MRI for the identifica-
tion of skull metastases, but in no case was an isolated skull
metastasis identified. Skull vault metastases from ES are rel-
atively rare (3.8% in the current study), with only a few cases
reported in the literature [6, 10, 36, 37]. However, in all pre-
viously reported cases, the skull metastasis was either clinical-
ly evident or associated with other metastases. Therefore, the
possibility of an isolated occult skull vault metastasis being
missed on WB-MRI would be extremely unlikely.

The implications for the identification of skeletalmetastases in
terms of treatment modification and prognosis are well
recognised [38, 39]. The current study has identified a 7% in-
crease in the demonstration of skeletal metastases on WB-MRI
compared with bone scintigraphy in a large group of patients
with primary ES of bone. Future studies comparing WB-MRI
with FDG PET would be required to determine whether the
difference in the detection of skeletal metastases would justify
the increased radiation dose and cost of FDG PET.

Conclusion

WB-MRI is more sensitive than bone scintigraphy in detect-
ing skeletal metastases in ES of bone and can safely replace
bone scintigraphy for staging of the skeleton, with the ac-
knowledgement of the possibility of missing a clinically oc-
cult skull vault metastasis.
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