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Correlation of non-mass-like abnormal MR signal intensity
with pathological findings surrounding pediatric osteosarcoma
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Abstract
Objective The aim of this work was to determine the role of
MRI in interpreting abnormal signals within bones and soft
tissues adjacent to tumor bulk of osteosarcoma and Ewing’s
sarcoma in a pediatric population by correlating MR find-
ings with histopathology.

Materials and methods Thirty patients met the inclusion
criteria, which included (1) osteosarcoma or Ewing’s sarcoma,
(2) MR studies no more than 2 months prior to surgery, (3)
presence of abnormal MR signal surrounding the tumor bulk,
(4) pathological material from resected tumor. The patients
received standard neoadjuvant chemotherapy. Using grid
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maps on gross pathology specimens, the abnormal MR areas
around the tumor were matched with the corresponding grid
sections. Histopathology slides of these sections were then
analyzed to determine the nature of the regions of interest. The
MR/pathological correlation was evaluated using Mann–
Whitney U test and Fisher’s exact test.
Results Twenty-seven patients had osteosarcoma and three
patients had Ewing’s sarcoma. Of the studied areas, 17.4%
were positive for tumor (viable or necrotic). There was no
statistically significant correlation between areas positive for
tumor and age, gender, signal extent and intensity on MRI,
or tissue type. There was, however, a statistically significant
correlation between presence of tumor and the appearance
of abnormal soft tissue signals. A feathery appearance cor-
related with tumor-negative areas whereas a bulky appear-
ance correlated with tumor-positive regions.
Conclusions MR imaging is helpful in identifying the na-
ture of abnormal signal areas surrounding bone sarcomas
that are more likely to be tumor-free, particularly when the
signal in the soft tissues surrounding the tumor is feathery
and edema-like in appearance.

Keywords Osteosarcoma . Ewing’s sarcoma .MRI .

Histology . Staging

Introduction

Primary bone sarcomas are rare tumors, accounting for 1%
of all malignancies and 6% of all new pediatric cancer cases
diagnosed annually in the United States [1, 2]. Their prog-
nosis has significantly improved over the past three decades,
largely due to precision of staging by imaging, chemother-
apeutic protocols, and advancements in surgical techniques
[3]. These advancements have increased the 5-year survival
rates from 10 to 70% [3]. Magnetic resonance (MR) imag-
ing plays a major role in preoperative assessment and plan-
ning for limb salvage surgery (LSS), as its precision has
been shown from its early clinical advent for assessing
tumor extent in bone marrow, and the surrounding soft
tissues, as well as the relationship with the neurovascular
bundles [4–10]. This modality is very sensitive in detecting
a bone marrow edema pattern but has not been found to be
specific enough to conclusively separate it from adjacent
tumor [11]. False-positive interpretations result in more
extensive unnecessary surgical resection, which may have
a major impact on reconstruction, especially when involving
the epiphysis side of a long bone. There are few studies in
the literature that have attempted to define the role of MR
imaging in delineating true tumor extent and in distinguish-
ing it from peritumoral edema pattern, or peritumoral reac-
tion, and correlating the findings with histology [4, 11–16].

Few of these studies focused on bone tumors extent only,
with variable results.

This study aims to determine the role of MR imaging in
interpreting abnormal signals within the bony compartment,
in particular across the growth plate, and also in the soft
tissues surrounding the tumor bulk, by correlating the MR
findings with corresponding histopathological findings after
wide surgical resection.

Materials and methods

Patients

This was a retrospective radiological-pathological review of
all patients diagnosed and treated for primary bone sarcoma
at the Children’s Cancer Center of our institution between
January 2002 and October 2010. This study was approved
by the Institutional Review Board at our institution. Fifty-
five patients were identified and 30 were enrolled in the
study according to the following inclusion criteria: (1) diag-
nosis of osteosarcoma or Ewing’s sarcoma, (2) readily avail-
able MR studies of the involved bone no more than
2 months prior to surgery, (3) presence of abnormal MR
signal surrounding the tumor bulk within either bone or soft
tissues, and (4) pathological material from the resected
tumor with mapping grids. The 25 excluded patients did
not meet one or more of the above inclusion criteria.

Chemotherapy

All patients received neoadjuvant chemotherapy according
to the current standard of care, except for one patient who
had parosteal osteosarcoma. In brief, patients with non-
metastatic osteosarcoma received therapy with a high dose
of methotrexate, cisplatin, and doxorubicin. Patients with
metastatic disease received additional cycles of a high dose
of ifosfamide and etoposide. Patients with Ewing’s sarcoma
were treated with alternating cycles of vincristine, doxoru-
bicine, cyclophosamide, and ifosfamide/etoposide.

MR examinations

All MR studies were obtained on a 1.5-Tesla MR unit
(Intera NT; Philips; The Netherlands). All the analyzed
MR examinations of the 30 enrolled patients were obtained
after initiation of chemotherapy as follows: 11 patients had
their MR imaging after completion of all cycles of neo-
adjuvant chemotherapy, while 19 patients had their MR
imaging performed towards the end of treatment but before
the last cycle of chemotherapy. The studies were performed
in three planes (axial, coronal, and sagittal) depending on
the location and extent of the tumor. Several sequences and
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parameters were used, depending on the affected bone and
the areas needed to be covered. These sequences included:
(a) T1-weighted spin echo (TR0400–65, TE010–18, slice
thickness05–8 mm, interval00.6–0.8 mm, field of view
(FOV)0210–500, NSA02, matrix0256 × 256); (b) T2-
weighted fast spin echo (TR02,000–5,000, TE0100–130,
slice thickness05–8 mm, interval00.5–0.8 mm, FOV0
210–350, NSA02, matrix0256 × 256); (c) short-tau inver-
sion recovery (STIR) (TR02,000–5,000, TE070–100, TI0
140–160, slice thickness05–8 mm, interval00.5–1.5,
FOV0210–530, NSA02, matrix0256 × 256); (d) T1-
weighted fat-saturation (TR0400–600, TE010–15, slice
thickness05–8 mm, interval00.6–0.8, FOV0210–500,
NSA02, matrix0256 × 256) before and after intravenous
gadolinium contrast administration (Dotarem 0.5 mmol/ml;
Guerbet, France). All MR studies of the included patients
were analyzed by a musculoskeletal radiologist (NJK) with
15 years of experience in musculoskeletal MR imaging. The
radiologist was aware of the diagnosis of the primary lesion
but was blinded to the patients’ pathological results at re-
section. The radiologist focused his analysis on the MR
sections that were in the same plane the tumor was bisected,
on gross pathology, and which represented the largest sur-
face area, as described later (e.g., Fig. 1a) (see below section
on ‘Pathological examination’).

The areas of concern analyzed by MR imaging were those
of non-mass-like abnormal signal intensity that were closely
surrounding the tumor bulk, and at least partly inseparable
from it. The demarcation between these areas and the tumor
itself was established based on the identification of a definite,
distinct, lobulated tumor, which frequently showed a low
signal intensity corresponding to a pseudocapsule. The eval-
uated areas were reported in terms of location vis-à-vis the
tumor bulk (e.g., medial, lateral, etc.), cranio-caudal (CC)
extent, and thickness taken in a perpendicular plane to the
CC extent (either transverse or anteroposterior (AP), depend-
ing on whether the analyzed section plane was coronal or
sagittal). The areas of concern were also analyzed in terms
of signal intensity (SI) relative to the tumor, and appearance
(as elaborated in the Results section).

Surgery

Wide resection was performed for all patients by the same
surgical team (S.S. and R.H.). Twenty-six patients had pros-
thetic reconstruction, two had structural allografts, and two
had no reconstruction (scapulectomy).

Pathological examination and method of correlation
with MRI

The gross specimens were examined according to a standard
protocol. After orientation, the intact specimen was inked

and the soft tissue resection margins were sampled. Using
an electric bandsaw, the specimen was then bisected along
the plane that exposed the greatest tumor surface area. The
cut surface was inspected and the extent of the lesion was
measured. A 5-mm-thick slab of the entire cut surface was
then obtained from the bisected specimen. The slab was
fixed overnight in formalin, and later decalcified for a period
of 24–48 h depending on the slab thickness as well as on the
tumor and bone density. The slab was then photographed
along with a metric ruler for subsequent construction of a
grid map and measurements (e.g., Fig. 1b). Each section of
the grid was submitted as one paraffin block. Hematoxylin

Fig. 1 An 11-year-old male with right femoral osteoblastic osteosar-
coma. a Coronal STIR (TR02,500, TE060) image of the right thigh
showing a large heterogeneous tumor involving the distal femur reach-
ing the growth plate and infiltrating the medial soft tissues. Focal areas
of increased signal intensity are noted within the epiphysis, abutting
the growth plate (arrows). These areas were of unclear histopathology.
b Image of the coronal slab from the resected femur showing a large
tumor reaching the growth plate. The mapping grid indicates the
different block samples. The ruler helped in measuring the gross tumor
size and extent as well as the exact location of the regions of interest
detected on MRI. In this patient, the epiphyseal abnormal SI of concern
corresponded to the distal medial grid sections (L, M, O, P). Analyses
of all corresponding histopathology slides of these sections were done.
The shape of the tissue section along with epiphyseal histological
landmarks allowed the pathologist to identify and evaluate the area
of concern within each section. c Histopathology from the grid section
M (highlighted in the previous figure) (Hematoxylin and eosin [H&E],
low magnification x20) revealing the osteoblastic osteosarcoma (T)
abutting the growth plate (asterisk). The epiphysis (E) on the opposite
end shows unremarkable bone trabeculae separated by marrow fat with
no evidence of tumor cells or other abnormality. The three remaining
grid sections (L, O, P) also showed normal epiphyseal tissue
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and eosin (H&E)-stained sections corresponding to each
block were obtained and given the same designation as that
of the corresponding grid section.

In order to identify the grid section(s) to be analyzed for
our study, an experienced bone pathologist (A.T.) and the
radiologist (NJK) correlated the areas of concern seen on
MRI with the gridded gross pathology slab, using the same
orientation plane (i.e., coronal or sagittal) (e.g., Fig. 1a, b).
The location and extent of these areas were determined by
their distance from the articular surface in the specimen. The
pathologist then examined all the H&E-stained slides of the
selected grid section(s) to determine the nature of the areas
of abnormal signal intensity (SI) seen on MR imaging. The
shape of the tissue section along with histological landmarks
(physis, cortex, gross tumor edge) allowed the pathologist to
identify and evaluate the area of concern within each section
(e.g., Fig. 1c). The findings were reported using five main
categories: (1) normal (no pathological abnormalities), (2)
edema, (3) fibrosis, (4) necrotic tumor, and (5) viable tumor.
The examination included both soft tissue and bone marrow
abnormalities that surrounded the tumor bulk onMR imaging.

Statistical analysis

Data are presented as median (range) or percentages. All
bivariate comparisons were evaluated using the Mann–
Whitney U test for continuous variables and the Fisher’s
exact and Spearman’s test for categorical variables. All
p values are two-tailed with the level of significance set at
<0.05.

Results

Patients and disease characteristics

Among the 30 patients who met our inclusion criteria, the
male-to-female ratio was 16:14, with a median age of
12.5 years (range, 6–21 years). Twenty-seven patients had
osteosarcoma and three patients had Ewing’s sarcoma. Os-
teosarcoma was located in the following bones: femur (16
patients), tibia (eight patients), fibula (two patients), and
humerus (one patient). Subtypes of osteosarcoma were:
osteoblastic (21 patients), telangiectatic and chondroblastic
(two patients from each), fibroblastic and parosteal (one
patient in each). Ewing’s sarcoma was found in the scapula
(two patients) and femur (one patient).

MR imaging findings

Forty-six distinct areas of abnormal signal on MR imaging
were investigated individually and correlated with the
corresponding pathological examination, as per the methods

described previously. All these areas either surrounded or
were at least partially inseparable from the tumor bulk. The
CC extent of these areas ranged between 3 and 20 cm, while
the thickness ranged between a few millimeters and 3 cm. In
addition, several of the tumors had a hypointense rim,
corresponding to a pseudocapsule, which also helped in
differentiating the tumor bulk from its surroundings. This
pseudocapsule was encountered in 17 tumors at the level of
22 analyzed areas.

As for the signal intensity, and in comparison to the
tumor bulk, the analyzed areas were isointense on T1-
weighted images showing diffuse enhancement following
IV gadolinium administration similar to parts of the tumor
bulk. On the T2-weighted and STIR sequences, 12 signals
(26.1%) were higher in intensity than tumor, one (2.2%) was
lower, and the remaining 33 (71.7%) were of similar inten-
sity. When compared to intact muscles, all these areas
showed increased SI on STIR and T2-weighted images.

The various areas of abnormal signal showed variable
extension adjacent to the tumor, five being focal within the
bone marrow. Within the soft tissues, the median CC extent
of the signal abnormality was 7 cm (range, 3–20 cm).

When we further analyzed the MR characteristics and
appearance of the abnormal peritumoral soft tissue (ST)
signals, we could categorize them into three types: (1) the
bulky type appearing as lobulated or thick localized tissue
(>1 cm) confluent to the tumor bulk but distinct from it; (2)
the feathery type, representing abnormal SI involving the
muscles, whereby intact muscle bundles were seen within
the abnormal high signal region, resulting in this feathery
edema-like appearance; and (3) the linear fluid signal inten-
sity area that was ≤1 cm in thickness.

MR imaging/pathology correlation

On pathological examination, 36 (78.3%) the analyzed areas
were determined to be within the soft tissues surrounding
and inseparable from the tumor bulk, while ten (21.7%)
were seen in the nearby bone marrow, mostly at the level
of the epiphysis (six areas). A total of 28 abnormal MR
signals (21 in soft tissues, seven in bones) were histologi-
cally free of tumor and of any abnormalities, and were
considered histologically normal (category 1; 60.9%)
(Figs. 1, 2, 3). The remaining 18 (39.1%) corresponded to
one of the four following categories: four (three in soft
tissues, one in bone) were found to have edema (category
2; 8.7%) (Fig. 3), six (all in soft tissues) revealed fibrosis
(category 3; 13.05%) (Fig. 4), two (one in soft tissues, one
in bone) had necrotic tumor (category 4; 4.3%) (Fig. 5), six
(five in soft tissues, one in bone) were found to have viable
tumor (category 5; 13.05%) (Fig. 6). In the soft tissues, these
pathologic findings corresponded to the various MR
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characteristics described above. The MR/pathology correla-
tion within the soft tissues is summarized in Table 1.

There was no statistically significant correlation between
patients’ age, gender, extent of the abnormal areas around
the tumor, its SI relative to the tumor, or analyzed tissue area
(i.e., bone marrow or soft tissue) and the tumor involvement
(viable or necrotic tumor) on pathological examination.
However, there was a statistically significant correlation
between presence or absence of tumor cells and the MR
characteristics of the surrounding abnormal soft tissue. In
fact, a feathery edema-like appearance seen in 18 investi-
gated areas corresponded in all cases to tumor-negative
areas (Figs. 2 and 4); whereas a bulky or thick appearance
correlated with the presence of tumor cells, either necrotic or
viable, in five out of seven areas (Figs. 5 and 6) (Table 2).

In the 22 analyzed areas where the primary tumors had a
pseudocapsule (Figs. 2, 4, and 6), 18 areas (82%) showed no
evidence of tumor cells and four areas (18%) showed viable
tumor cells. Among all eight cases where tumor cells were
present, four had pseudocapsule.

Discussion

Our study has demonstrated that abnormal signals surround-
ing or adjacent to the tumor bulk on MR imaging of osteo-
sarcoma and Ewing’s sarcoma after chemotherapy are most
often not associated with tumor involvement at pathological
evaluation. We documented that 17.4% of these signals
correspond to tumor involvement, and that 13.3% of the

Fig. 2 An 8-year-old male with osteoblastic/telangiectatic osteosarco-
ma of the distal right femur. Sagittal T2-weighted (TR02,500, TE0
100) image showing a large heterogeneous mass with fluid–fluid
levels. The tumor has low signal intensity rim (pseudocapsule). Supe-
riorly, there is a feathery high SI edema-like appearance of the soft
tissues (arrows), proven to be normal on corresponding histopathology
sections

Fig. 3 An 11-year-old male with right tibial osteoblastic osteosarco-
ma. a Coronal STIR (TR02,500, TE060) image of the right leg. The
tumor is of low signal intensity, involving the proximal meta-diaphyses
and reaching the physis. Inferiorly, both medially and laterally, linear
areas of increased signal were identified within the deep soft tissues
(arrows) adjacent to the involved tibia, each measuring≤1 cm in
thickness. Patchy increased signal was noted in the proximal epiphysis
(arrowheads). b Image of the coronal slab from the resected portions of
the tibia and fibula shows the large tibial tumor reaching the proximal
growth plate. The mapping grid indicates the different block samples.
The distance of the concerned areas seen on MRI from the tibial
plateaus and their cranio-caudal extent allowed their identification on
the gross specimen (white and black arrows) by using the adjacent
ruler. These areas corresponded to the medial grid sections (2E, 2G;
black arrows) and to the lateral grid sections (2D, 2F; white arrows).
The shape of the tissue section along with the intramedullary mass as
histological landmark allowed the pathologist to identify and evaluate
the area of concern within these sections. c Histopathology of the grid
section 2E (highlighted in the previous figure) (H&E, low magnifica-
tion x20) showing cortical bone (C) separating residual intramedullary
malignant osteoid (T) from surrounding swollen and edematous soft
tissues (ST). d High magnification representative photomicrograph
taken from the most lateral portion of the same 2E section (H&E,
original magnification x200) demonstrates edema appreciated as clear-
ing that is causing separation of collagen fibers and some skeletal
muscle fibers. The tibial epiphysis showed normal histopathology on
the slides taken from the corresponding sections (2O, 2P, 2Q)
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Fig. 4 An 18-year-old female with femoral osteoblastic osteosarcoma.
a Coronal STIR (TR02,500, TE060) image of the right thigh showing
a large intramedullary femoral mass with soft tissue extension (short
arrows). A tumor pseudocapsule is seen medially as a hypointense line
(long arrow) at the edge of the tumor bulk. Overlying soft tissue and
intramuscular feathery edema-like high signal intensity areas (arrow-
heads), abutting the tumor bulk, are seen both medially and laterally,
involving the vastus muscles. b Image of the coronal slab from the
resected right femur shows again the large femoral tumor along with
the medial and lateral soft tissue components. The mapping grid
indicates the different block samples. The distance of the concerned
areas seen on MRI from the distal femoral condyles, and their cranio-
caudal extent, allowed their identification on the gross specimen by
using the adjacent ruler. These areas corresponded to the medial grid
sections (M, O) and to the lateral grid sections (N, P) (arrows). The
shape of the tissue section along with the mass bulk and pseudocapsule
as histological landmarks allowed the pathologist to identify and eval-
uate the areas of concern within these sections. c Histopathology of the
grid section O (highlighted in the previous figure) (hematoxylin and
eosin, original magnification x20) showed residual necrotic malignant
osteoids (NO) surrounded by a fibrous pseudocapsule (PC) intermin-
gling with some overlying muscle bundles. d High magnification
representative photomicrograph of grid section O (H&E, original mag-
nification x200) obtained from the soft tissues abutting the pseudocap-
sule shows increased collagen in keeping with fibrosis. A focal area of
edema with few calcifications is also noted on the left of the slide
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analyzed areas represent viable tumor. In addition, when
detailed description of the soft tissue components surround-
ing the tumor was analyzed, we could demonstrate that the
feathery edema-like pattern of signal intensity (Figs. 2 and
4) correlated with non-tumoral tissue (normal tissue, fibro-
sis, or edema), whereas a bulky or thick appearance conflu-
ent to the mass (Figs. 5 and 6) corresponds to areas of tumor
involvement. These findings may influence the orthopedic
surgeon’s decision when faced with the possibility of am-
putation versus extent of limb salvage procedure, particu-
larly important when the area in question is around the
physis. In our population, we found that 82.6% of abnormal
areas surrounding the tumor bulk appeared free of tumor.
This is in contradistinction to previous studies dealing with
soft tissue sarcomas whereby abnormal areas beyond the
tumor bulk (reactive zone) frequently contained tumor cells
[17]. In addition, none of our patients with a feathery
edema-like soft tissue appearance on MR had histological
evidence of positive tumor. The number of abnormal areas
within the bone marrow was too small to convey statistical
significance. We, however, found that in the four cases with
grossly intact physis, the epiphyseal abnormal signal was

Table 2 Statistical analysis correlating the appearance of MR signals
abnormality within the soft tissues and tumor-positive or tumor-
negative pathology specimens

Soft tissue
appearance

Tumor-negative Tumor-positive
(categories 1, 2, 3) (categories 4, 5) p value
n030 n06

Bulky or thicka,
n (%)

2 (6.7) 5 (83.3) < 0.001

Feathery, n (%) 18 (60) 0 (0) 0.019

Linearb, n (%) 10 (33.3) 1 (16.7) 0.643

a >1 cm in thickness
b ≤1 cm in thickness

Table 1 Histopathological categories corresponding to the various
MR appearances seen in 36 soft tissue areas surrounding bone
sarcomas

Histological categories

MR appearance Normal Edema Fibrosis Necrotic Viable
n021 n03 n06 n01 n05

Bulky or thicka 1 0 1 1 4

Feathery 13 2 3 0 0

Linearb 7 1 2 0 1

a >1 cm in thickness
b ≤1 cm in thickness

Fig. 6 A 17-year-old female with right tibial osteoblastic osteosarco-
ma. a Coronal STIR (TR02,500, TE060) image showing a heteroge-
neous proximal tibial tumor (asterisk) with large soft tissue component
(short arrows). Inferior to the soft tissue tumor component, there is a
thick intermediate signal intensity area (arrowheads) separate from the
tumor bulk by a low intensity pseudocapsule (long arrow). b Coronal
T1-weighted fat-saturation after IV gadolinium administration (TR0
500, TE018) image showing enhancement of the intramedullary tumor
component (asterisk). A significant proportion of the soft tissue com-
ponent of the tumor (short arrows) does not enhance, in keeping with
necrosis. The area of concern (arrowheads), inferior to the tumor soft
tissue component, shows enhancement similar to some portions of the
tumor. c Histopathology of the abnormal area inferior to the tumor bulk
shows scattered residual viable tumor cells (arrows). These cells have
markedly enlarged pleomorphic and hyperchromatic nuclei with prom-
inent nucleoli. (H&E, original magnification x400)

Fig. 5 A 12-year-old female with femoral osteoblastic osteosarcoma.
a Coronal STIR (TR04,652, TE070) image of the thigh showing a
distal heterogeneous left femoral tumor with a large soft tissue com-
ponent (arrows). Supero-laterally, there is a triangular bulky area of
high signal intensity (arrowheads) involving the vastus lateralis muscle
that appears adjacent to the tumor bulk and distinct from it. This area is
iso-intense to the areas of high signal within the tumor. b Photomicro-
graph of the triangular area of concern demonstrating mostly granula-
tion tissue in an area of necrotic tumor. Shadows of necrotic tumor cells
can be seen (asterisk). Calcifications are also noted (arrows) (H&E,
original magnification x400)

R
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not involved with tumor (Fig. 1). Presence of tumor pseu-
docapsule was not helpful in defining the nature of tumor
infiltration in surrounding tissues.

The prognosis of patients with bone sarcomas has im-
proved significantly over the past three decades, with MR
imaging playing a major role in determining the initial
diagnosis, prognosis, and pre-operative planning [7, 8, 10,
11, 18]. Additionally, sarcomas are being treated definitively
with LSS rather than amputations. MR imaging has been
instrumental in planning these procedures. It is useful in
evaluating the intraosseous extent, bone marrow and neuro-
vascular involvement, skip metastases, and epiphyseal ex-
tension of tumor in the extremities [4–6, 9, 11]. By
identifying the extent of the tumor, adequate resection is
achieved, while normal uninvolved tissue is preserved, re-
ducing post-operative morbidity and improving limb func-
tion [19].

Several studies have addressed the issue of whether true
tumor extent can be defined by MR imaging in the presence
of abnormal signal changes adjacent or confluent with the
easily recognized tumor bulk [4, 12–16]. Some of these
studies covered a heterogeneous group of both soft tissue
and bone tumors [15, 16]. Sanchez et al. found that areas of
high SI on T2-weighted images may correspond to viable
tumor, tumor necrosis, edema, fibrosis, or hemorrhage, yet
there were no distinguishing features by MRI [13]. Others
found that both tumor and peritumoral edema had high SI on
T2-weighted or STIR images but could not be differentiated
[14, 16]. Our data reveal similar findings in that the abnor-
mal areas were all of high SI on T2-weighted and STIR
images and corresponded to the five different pathological
categories, described in the ‘Results’ section, but the SI was
not helpful in assessing the pathological nature of these
areas. Previous studies have evaluated the value of IV
gadolinium administration in assessing true tumor extent.
In one study, this was not found to be helpful [4], as was the
case in our series where all areas of concern showed some
enhancement regardless of their histological nature. Other
reports showed that dynamic post-contrast images allowed
differentiation between viable tumor and non-neoplastic
edema or necrotic tumor [12, 14, 20]. We do not routinely
employ dynamic contrast examinations.

The authors understand the limitations inherent to all
retrospective studies; however, blinding was maintained to
the pathological diagnosis of the studied areas. Additionally,
the number of patients, as is often the case when dealing
with sarcomas, and the number of analyzed areas including
those with tumor cells were too small for adequate statistical
analysis. Finally, the MR images used were those closest to
the index surgery, yet some patients underwent their final
cycle of chemotherapy following their last MR examination.
However, those who underwent chemotherapy following
MR imaging only experienced one dose and not the whole

cycle of neoadjuvant chemotherapy. Besides, we considered
areas with viable tumor or tumor necrosis as positive in our
analysis and all other findings as negative. Thus, we are
unlikely to have falsely underestimated tumors.

In summary, we found that tumor involvement in areas of
abnormal MR signal surrounding osteosarcoma and Ewing’s
sarcoma post chemotherapy in children and not associated
with bulk is uncommon. MR imaging is helpful in predict-
ing the nature of these areas, which are usually tumor-free
on pathology when the signal in the soft tissues around the
tumor is feathery and not bulky. This will help the orthope-
dic surgeon preserve enough soft tissue for limb salvage
and/or increased function if the reactive zone, as these non-
tumorous areas represent, is preserved. However, we found
that the extent and intensity of these signals were generally
unhelpful in delineating tumor involvement. Larger studies
are called for to confirm our findings and prospectively
evaluate their effect on decision-making in the surgical
treatment of bone sarcomas.
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