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Background

Summary

It is imperative that bone tumour margin and extent of tumour involvement are accurately
assessed pre-operatively in order for the surgeon to attain a safe surgical margin. In this study, we
comprehensively assessed each of the findings that influence surgical planning, on various MRI
sequences and compared them with the gold standard — pathology.

In this prospective study including 21 patients with extremity bone tumours, margins as seen
on various MRI sequences (T1, T2, STIR, DWI, post-gadolinium T1 FS) were measured and
biopsies were obtained from each of these sites during the surgical resection. The resected tumour
specimen and individual biopsy samples were studied to assess the true tumour margin. Margins
on each of the MRI sequences were then compared with the gold standard - pathology. In addition
to the intramedullary tumour margin, we also assessed the extent of soft tissue component,
neurovascular bundle involvement, epiphyseal and joint involvement, and the presence or absence
of skip lesions.

T1-weighted imaging was the best sequence to measure tumour margin without resulting in
clinically significant underestimation or overestimation of the tumour extent (mean difference of
0.8 mm; 95% confidence interval between —-0.9 mm to 2.5 mm; inter-class correlation coefficient
of 0.998). STIR and T1 FS post-gadolinium imaging grossly overestimated tumour extent by an
average of 16.7 mm and 16.8 mm, respectively (P values <0.05). Post-gadolinium imaging was
better to assess joint involvement while T1 and STIR were the best to assess epiphyseal
involvement.

T1-weighted imaging was the best sequence to assess longitudinal intramedullary tumour extent.
We suggest that osteotomy plane 1.5 cm beyond the T1 tumour margin is safe and also limits
unwarranted surgical bone loss. However, this needs to be prospectively proven with a larger
sample size.

Bone Neoplasms ¢ Magnetic Resonance Imaging  Osteosarcoma
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for radiologists across the world to come to a consensus

on where exactly the tumour ends and where the normal

One of the most challenging questions to answer in MRI
of bone tumours is to differentiate tumour from peritu-
moral marrow and soft tissue oedema. Some of the MRI
sequences may overestimate the extent of the tumour
while some others underestimate it [1,2], making it difficult

peritumoral tissue begins. This is a fairly common dilem-
ma and true tumour margins can only be decided based on
pathological examination. With the increasing advent of
conservative surgeries for extremity tumours, exact deline-
ation of the tumour margin becomes absolutely essential.
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Table 1. Showing the MRI scan parameters.

T T2 STIR T1FS T1FS gado DWI
TR 465 ms 3870 ms (sagittal) 3580 ms (coronal) 465 ms (coronal) 465 ms (coronal) 4400 ms (coronal)
4240 ms (axial) 8020 ms (axial) 542 ms (axial) 542 ms (axial) 9700 ms (axial)
TE 12 ms 75ms 81 ms (coronal) Tms 12 ms 79 ms
53 ms (axial)
FA 1500 1500 1500 1500 1500 -
ST 3mm 3 mm (sagittal) 3 mm (coronal) 3 mm (coronal) 3 mm (coronal) 3 mm (coronal)
6 mm (axial) 6 mm (axial) 6 mm (axial) 6 mm (axial) 6 mm (axial)
SG 0.3mm 0.3 mm (sagittal) 0.3 mm (coronal) 0.3 mm (coronal) 0.3 mm (coronal) 0.3 mm (coronal)
1.2 mm (axial) 1.2 mm (axial) 1.2 mm (axial) 1.2 mm (axial) 1.2 mm (axial)
Matrix 230x384  230x384 192320 230%384 230x384 154x192
Others - Time of inversion (TI) 0.1 ml/kg of EPI factor 152
170 ms gadodiamide 3 diffusion weightings
(OMNISCAN) at with b values of 50,
a strength of 400 and 800
0.5 mmol/ml

TR — repetition time; TE — time of echo; FA — flip angle; ST — slice thickness; SG - slice gap; Tl — time of inversion; EPI — echoplanar imaging.

Involvement of epiphysis, joint space and neurovascular
bundle by the tumour, presence of skip lesions and soft tis-
sue extent of tumour also determine the extent of surgi-
cal resection. Overestimating the tumour extent may deter
the surgeon from performing a limb salvage surgery and
instead opt for an amputation thereby increasing the mor-
bidity and worsening the post-operative quality of life. On
the other hand, underestimating tumour extent may result
in the resection margin being too close to the tumour there-
by increasing the chance of recurrence.

Various studies showed that T1-weighted imaging and
STIR (short tau inversion recovery) sequence were the
best to determine the longitudinal intramedullary tumour
extent [1,3-7]. Through our study, we aimed to determine
the MRI sequence that accurately depicts the intramedul-
lary longitudinal tumour extent. In addition, we also aimed
to identify the best MRI sequence to assess epiphyseal
tumour extension, joint and neurovascular bundle involve-
ment, skip lesions and soft tissue extent of the tumour.

Material and Methods

Institutional review board approval was obtained prior to
the commencement of the study. Inclusion criteria — only
those children with primary musculoskeletal tumours
who presented to Paediatric Orthopaedics Department and
gave consent for pre-operative MRI and surgical resection
of tumour were included in the study. We excluded those
children whose MRI showed very well defined, benign
bone lesions (those with no reactive zone) and those chil-
dren who withdrew consent for surgery after initially
being enrolled in the study. We also excluded those children
who did not have a post neo-adjuvant chemotherapy MRI
(due to time constraints or otherwise) and in whom sur-
gical resection was based on the pre-chemotherapy MRI.
Patients were recruited prospectively over a period of 10
months, from January 2012 to October 2012. Informed

written consent was obtained from the patient’s parent or
guardian prior to the MRI and surgery. Verbal assent of the
child (patient) was also obtained.

MRI was performed in a 1.5-Tesla scanner (Avanto,
SIEMENS Systems, Germany) using 16-channel body array
anterior MRI coils. In all extremity tumours, one joint
above and one joint below the tumour were included in
the scanning field using a larger Field of View (FOV). The
contralateral limb was included in the FOV whenever pos-
sible. The MRI protocol included the following sequences
- spin echo T1 coronal and axial; turbo spin echo T2 sagit-
tal and axial; T2 STIR coronal and axial; T1 FS coronal and
axial — pre- and post-contrast; DWI coronal and axial. The
MRI scan parameters are given in detail in Table 1. In all
patients who received neoadjuvant chemotherapy, an MRI
was performed after completion of the chemotherapy and
prior to surgical resection. The time interval between the
last imaging and surgery was noted.

The extent of signal abnormality was assessed on each
MRI sequence by the primary author and another senior
radiologist with more than 10 years of experience in pae-
diatric radiology on Picture Archiving and Communication
System (PACS, GE Centricity) software. Intramedullary
tumour extent and soft tissue abnormality were meas-
ured in millimeters in each of the sequences. The involve-
ment of the epiphysis, adjacent joint space, neurovascular
bundle and the presence or absence of skip lesions were
recorded separately. Intramedullary tumour margin on
each of the available MRI sequences was compared with
the gross pathological margin which was considered as the
gold standard. When the pathological tumour margin was
the same as that of any MRI sequence, it was recorded so.
In all the remaining cases where there was a discrepancy
between the pathological tumour margin and MRI tumour
margin, the distance by which each of the MRI sequences
underestimated or overestimated the tumour extent was
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recorded and separated into two categories (<1 c¢cm or >1
cm). In our institution, surgical resection is planned such
that osteotomy plane is 1.5 cm beyond the MR tumour
margin. Hence, any sequence underestimating or overes-
timating the tumour margin by more than lcm was taken
as clinically significant (giving a 5-mm margin for error in
measurement).

Biopsies were taken during surgery from each of the bone
and soft tissue margins as seen on various MRI sequences.
These samples were appropriately labelled and sent to the
pathologist in a formalin fixative along with the resected
tumour specimen. The resection specimen and histopathol-
ogy slides were reviewed by a single experienced patholo-
gist with a special interest in skeletal pathology. The path-
ological tumour margin was recorded on the cut surgical
specimen which was considered as the gold standard in our
study. Histopathological examination of tissue from areas
of abnormal signal other than the actual tumour, helped us
identify the cause for altered signal intensity in the peri-
tumoral reactive zone. Sections were checked for normal
tissue, viable tumour, necrosis, fibrosis, oedema and any
other relevant finding and these were recorded. In addition
to the presence of a viable tumour, any necrotic tumour tis-
sue was also considered as positive for tumour. The pres-
ence of oedema, muscle atrophy, or osteonecrosis (any of
which could have contributed to the abnormal signal on
MRI) was also separately recorded.

All study variables were described using descriptive sta-
tistical methods. Continuous variables were summarised
using mean and standard deviation (SD). Skewed data
were summarised using median and interquartile range.
Frequency calculations were used along with descriptive
analysis to assess the accuracy of various MRI sequences
to predict tumour margins. Paired t-test was done to assess
the mean difference between each MRI sequence and the
gold standard. Inter-class correlation coefficients were cal-
culated for all the sequences. Sensitivity, specificity, posi-
tive predictive value (PPV) and negative predictive value
(NPV) of various MRI parameters like epiphyseal, joint and
neurovascular bundle involvement were calculated.

Results

A total of 23 consecutive patients with primary bone
tumours of the limbs were enrolled in the study, of which 2
patients refused surgery and therefore were excluded from
the final analysis. A total of 21 patients underwent sur-
gery during the study period and were included in the final
analysis. The patients were between 5 to 17 years of age
(mean - 11.5 years; SD - 3.3 years; 12 male and 10 female).
The most common tumour was osteosarcoma (16 out of 21)
followed by Ewing sarcoma (4 out of 21). There was one
case of aggressive giant cell tumour. The median interval
between the MRI and the surgery was 11 days with an
interquartile range (IQR) of 6 to 17 days.

Intramedullary tumour extent
The results are summarised in Tables 2 and 3. The tumour

margins as measured on STIR and T1 FS post-gadolinium
imaging were inaccurate compared to the pathological

margins and the mean difference was statistically sig-
nificant as assessed on paired t-tests. Mean difference
between tumour margin measurement on pathology and
T1-weighted imaging was only 0.8 mm, and that difference
was statistically insignificant.

Epiphyseal Involvement

Epiphyseal involvement was taken as present if there was
tumour crossing the physeal plate with an abnormal signal
within the epiphysis. Epiphyseal involvement on MRI was
seen in 16 out of 21 (76%) patients of which 14 were con-
firmed on pathology and 2 were false-positive cases. One
of the false-positive cases showed an abnormal epiphyseal
signal on both T1 and STIR images while the second case
showed an abnormal epiphyseal signal only on TIW imag-
ing. Histological examination showed signal abnormality in
the two false-positive cases to be due to oedema. TIWI and
STIR sequences were the best to assess epiphyseal involve-
ment (Figure 1) with sensitivity and specificity of 92% and
71% (T1WI), and 100% and 85% (STIR), respectively. By
using a combination of T1 and STIR sequences, the over-
all sensitivity, specificity, PPV and NPV of MRI to predict
epiphyseal involvement were 100%, 71%, 87%, and 100%,
respectively.

Joint involvement

Joint involvement was taken as positive on MRI when
there was a mass seen within the joint space or when
there was a definite breach of articular cartilage by the
tumour with or without an actual mass projecting into
the joint cavity. Involvement of cruciate ligaments in the
knee was also taken as a criterion for joint involvement on
MRI. Joint involvement was seen on MRI in 6 out of 21
(28%) patients, of which 5 were confirmed on pathology
and 1 case was false positive on MRI. T1 FS post-contrast
sequence best depicted joint involvement. The sensitivity,
specificity, PPV, and NPV of MRI to assess joint involve-
ment were 100%, 93%, 83%, and 100%, respectively.

Neurovascular bundle involvement

Neurovascular bundle involvement was taken as present
when tumour completely surrounded it or when at least
50% of the neurovascular bundle was surrounded by
tumour with loss of fat plane in at least one axial section.
A combination of T2W imaging and T1 FS post-gadolinium
imaging was used to get this information. Three out of the
21 (14%) patients had neurovascular bundle involvement
on MRI. During surgery, it was found that 2 out of those
3 patients did not have encasement of the neurovascular
bundle and that was later confirmed on pathology speci-
men. The sensitivity, specificity, PPV, and NPV of MRI to
predict neurovascular bundle involvement were 100%,
90%, 33.3%, and 100%, respectively.

Skip lesions

Only 1 patient in our series had skip lesions on MRI
(Figure 2). These lesions extended till 10 cm beyond the
gross tumour margin and were best seen on T1, T1 FS, and
STIR images. These were confirmed by histopathology.
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Table 2. Showing accuracy of each of the MRI sequences in assessing intramedullary tumour extent compared to gross pathology margins.

Sequence Same as patl_lological Overestimated Underestimated
argin Frequency Upto1cm >1m Frequency Upto1cm >1m

T1FS* 74%  (14/19) 21% (4) 2 2 5% (1) - 1
T2 52% (11/21) 43% (9) 6 3 5% (1) - 1
STIR 9%  (2/21) 86% (18) 8 10 5% (1) 1 -
DWI** 50%  (5/10) 20% (2) 1 1 30% (3) - 3
T1FS gado* 32%  (6/19) 68% (13) 4 9 0% - -
T1(no FS) 71%  (15/21) 19% (4) 3 1 9% (2) 2 -

*T1FSand T1 FS gadolinium images were not available in 2 out of 21 patients; ** DWI images were not available in 2 patients. Only 10 out of the

remaining 19 patients showed diffusion restriction within the tumour.

Table 3. Showing the difference in tumour margin measurement on each MRI sequence vs. the gross pathological specimen.

95% confidence interval of the

" ) ! Inter-class

MRI sequence LD dlffergnce difference (in mm) * el correlation
(inmm) (2 tailed) fici

oy Upper coefficient
T1FS 2.7 -2.2 1.7 0.262 0.990
T2 43 -0.7 93 0.088 0.988
STIR 16.7 7.1 263 0.002 0.940
T1FS gado 16.8 5.7 27.8 0.005 0.929
T 0.8 -0.9 25 0.331 0.998

*The negative values represent underestimation of tumour extent on MRI and the positive values represent overestimation of tumour extent.

Soft tissue abnormality

In our study, no single MR sequence accurately differenti-
ated the tumour from the peritumoral reactive zone. The
extent of abnormal soft tissue signal was more with T2WI,
STIR and T1FS than with the other sequences in most of
the cases. Even T1 FS post-gadolinium sequence signifi-
cantly overestimated the extent of soft tissue involvement
(Figure 3). In some cases, signal abnormality in the mus-
cles surrounding the tumour involved the entire length of
the muscle - a pattern described earlier as “Massive oede-
ma” [8] (Figure 4). This was noted in 5 patients in our study
(4 Osteosarcoma; 1 Ewing sarcoma). Histologically the most
common cause of an abnormal signal in the peritumoral
zone was found to be oedema in any individual sequence.
This was followed by other causes like focal areas of haem-
orrhage, fibrosis and atrophy of myocytes. In most cases,
it was a combination of these findings. We also noted that,
in all the cases where the intraosseous tumour component
was relatively well-defined, the soft tissue component of
the tumour ended within a maximum of 1.1 c¢cm from the
bony component.

Discussion

The importance of choosing the best MR sequence to iden-
tify the tumour margin is to guide the surgeon in plan-
ning the osteotomy plane and the extent of resection. The

principle behind this is to identify a sequence that does
not underestimate the tumour length which increases the
chance of post-operative recurrence. Additionally, the ideal
MR sequence should not overestimate tumour length which
may result in avoidance of limb salvage surgery or reduc-
ing the chances of offering maximum prosthetic rehabilita-
tion after surgery. In our study we assessed intramedullary
tumour extent, epiphyseal tumour extension, joint and neu-
rovascular bundle involvement, skip lesions and soft tissue
extent of the tumour on each of the MRI sequences. To the
best of our knowledge, there was no single prior study that
comprehensively evaluated all the above parameters. We
acknowledge that the small sample size is a limitation in
our study and larger prospective studies on a larger scale
are needed before we can generalize the conclusions of this
study.

Intramedullary tumour extent

Mean difference in tumour margin measurement between
the gross surgical specimen and different MRI sequences
is given in Table 3. There is no statistically significant dif-
ference in tumour margin as seen on T1, T2 and T1 FS
sequences when compared with the gold standard. Mean
difference was the least with T1 (0.8 mm) followed closely
by T1 FS (2.7 mm) and T2 (4.3 mm). 95% confidence inter-
val was the narrowest and the inter-class correlation coef-
ficient was the highest with T1 spin echo sequence (0.998).
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Figure 1. Coronal STIR (A) and T1-weighted (B) MR images of a 13-year-old girl with proximal humerus osteosarcoma showing the tumour
extending across the physis to involve the epiphysis (arrows). Coronal cut section of the resected specimen (C) confirming breach of the

physeal plate with epiphyseal involvement by the tumour.

Figure 2. Coronal T1-weighted (A) and T1-FS (B) MR images through the femur and axial STIR image (C) through the mid-femoral shaft of a
16-year-old girl with right distal femur osteosarcoma showing skip lesions (arrows) within the marrow.

Surgical excision in our institution is usually planned such
that the osteotomy plane is 1.5 cm beyond the tumour mar-
gin. Giving a 5-mm margin for error in measurement, any
sequence underestimating or overestimating the tumour

544

margin by more than 1 cm was taken as clinically signifi-
cant (Table 2). In both cases where TIWI underestimated
the tumour extent, it was not clinically significant (<1
cm). T1 FS sequence underestimated the tumour extent
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TIES post gadolinium

Figure 3. Axial STIR (A), T1-FS (B) and T1-FS post-gadolinium (C) MR images through the distal femur of a 17-year-old-boy with high-grade
osteosarcoma showing tumour within the marrow (star). STIR axial image (A) shows peritumoral soft tissue hyperintensity (arrow) which
showed enhancement following gadolinium administration (C) which was suspected to be soft tissue component of the tumour; this was

proven to be oedema on histological examination
o \
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Figure 4. Coronal STIR image of an 11-year-old boy with
osteosarcoma of the left distal femur showing “massive
oedema” extending proximally along the entire length of
the muscle (arrow).

by >1 cm in one case which was a clinically significant
error. Hence, T1WI was thought to be better than T1 FS for
assessment of intramedullary tumour extent. Pathological
tumour margins were the same as MRI in more than 70%
of cases in both T1 and T1 FS sequences. All the other MRI
sequences were highly inaccurate to define the longitudinal
tumour extent in our study. This is in agreement with sev-
eral of the previous authors [1,5,9-13]. Red marrow did not
pose any difficulty in assessing the tumour margin in our
study in contrast to the existing literature [14-17]. When
surgical resections were performed using the T1 margin as
a reference, none of the resection specimens were margin-
positive on pathology in our study.

The low signal intensity of most skeletal tumours on
T1-weighted imaging makes them stand out conspicuously
in the background of the high-signal-intensity fatty mar-
row [1,2,5]. Fat signal from the bone marrow is suppressed
on T1 FS imaging, which explains the suboptimal contrast
between tumour and adjacent normal marrow, when com-
pared to that of non-FS T1-weighted imaging. Poor contrast
between the hyperintense tumour and the surrounding
hyperintense bone marrow is the main drawback in using
T2-weighted imaging to delineate the tumour [2]. While
STIR sequence overcomes this issue by highlighting the
hyperintense tumour against the fat-suppressed background,
the main limitation with this sequence is that even the peri-
tumoral oedema is bright and there is poor subjective deline-
ation between the actual tumour and the surrounding reac-
tive zone [5]. Even post-contrast T1 FS imaging may fail to
accurately delineate the tumour margin due to enhancement
of the peritumoral reactive marrow [13]. We attribute abnor-
mal enhancement of the peritumoral reactive marrow to
leakage of the very molecular-weight gadolinium molecules
into the interstitial spaces of the oedematous tissue [18].

Epiphyseal involvement

TIWI and STIR sequences were the best to assess epiphy-
seal involvement. This finding is consistent with some of
the earlier studies [4,5] while a few other studies showed
TIWI to be better than STIR for assessing epiphyseal
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involvement [6,7]. Any abnormal epiphyseal signal was
assumed to be tumour in our study and the sensitivity and
specificity for predicting epiphyseal involvement were 92%
and 71% respectively on T1WI, and 100% and 85% respec-
tively on STIR sequence. Onikul et al. [5] determined that
abnormal epiphyseal MR signal in false-positive cases
is because of focal or diffuse areas of red marrow. In our
study, the abnormal epiphyseal signal in the false-positive
cases was contributed by marrow oedema. Hoffer et al. [4]
reported that if any altered signal in the epiphysis is con-
sidered as tumour, the sensitivity for both TIWI and
STIR is 100%, with specificities of 60% and 40%, respec-
tively. In their study, specificity was improved to 90% and
70% respectively, and the sensitivity was only marginally
reduced if only altered signal equal to that of the metaphy-
seal tumour was considered as tumour.

Joint involvement

The criteria used to determine joint involvement in our
study are similar to those used by Baweja et al. [1]. T1 FS
post-contrast sequence best showed joint involvement
by highlighting the enhancing intra-articular component
against the fat-suppressed background. The sensitivity,
specificity, PPV and NPV of MRI to assess joint involve-
ment were 100%, 93%, 83%, and 100%, respectively, there-
by confirming the usefulness of gadolinium-enhanced
imaging in predicting joint involvement pre-operatively.
This finding correlates with those of some of the earlier
studies [1,19]. In a slightly older study, Schima et al. [20]
used similar criteria for depicting joint involvement on
post-gadolinium MRI with a PPV of only 50%.

Neurovascular bundle involvement

Neurovascular bundle involvement was assessed accord-
ing to the criteria used by Baweja et al. [1]. Literature sug-
gests that post-contrast T1 FS axial images are the best to
assess neurovascular bundle involvement, even better than
T2 axial images [1,8]. Seeger et al. [18] showed T1 FS post-
gadolinium imaging to be better than non-contrast T1 FS
imaging for depicting involvement of fat surrounding the
neurovascular bundle by the tumour. In our study, both T2
and T1 FS post-gadolinium sequences together were used
to get this information. The overall incidence of neurovas-
cular bundle involvement in our study was only 4.76%.
The sensitivity, specificity, PPV and NPV of MRI to pre-
dict neurovascular bundle involvement were 100%, 90%,
33.3%, and 100%, respectively. However, only one case in
our study had pathologically-proven neurovascular bundle
involvement and we acknowledge that studies with a larg-
er sample size are required before we can categorically say
that a particular sequence is better than the other to assess
neurovascular bundle involvement.

Skip lesions

Only 1 patient in our study had skip lesions on MRI, which
was confirmed by histopathology. Those were missed on
the gross pathology specimen examination. Those lesions
extended till 10 cm beyond the gross tumour margin
and were best seen on non-contrast T1, T1 FS, and STIR
images but their extent was underestimated on T2 and

Figure 5. Axial STIR image through the mid femur of a patient with
osteosarcoma of the femur showing streaky/feather-like
hyperintensity of the vastus medialis (arrow) suggestive of
reactive oedema rather than tumour.

post-gadolinium images. Large FOV images are helpful to
pick up skip lesions that may otherwise be missed out. This
may, however, compromise the image resolution to some
extent. An older study by Golfieri et al. [2] demonstrated
STIR sequence to be better than the spin echo sequences by
highlighting the hyperintense satellite lesions in the back-
ground of the fat-suppressed marrow.

Soft tissue abnormality

Existing literature provides various contradicting recom-
mendations when it comes to the assessment of soft tis-
sue component of bone tumours. While an earlier study
by Golfieri et al. [2] showed the STIR sequence to be inac-
curate for depicting soft tissue tumour margins (sensi-
tive but less specific), a more recent study by Tokuda at
al. [21] compared fast STIR sequence with T1 FS post-con-
trast imaging and showed that subjective image contrast
between the soft tissue tumour and the adjacent normal
tissue was higher on fast STIR sequence. In our study, we
found that conventional spin echo sequences depicted the
soft tissue component of the tumour suboptimally. STIR,
T2 and T1 FS non-contrast sequences overestimated the
extent of soft tissue involvement. We found that T1 FS
post-gadolinium sequence also significantly overestimat-
ed the tumour in contradiction to one of the earlier stud-
ies [8]. This is probably due to the fact that oedematous/
reactive peritumoral zone may also show enhancement
(Figure 3) because of the leakage of very-low-molecular-
size gadolinium molecules into the interstitial space [18]
as mentioned earlier. Finally, we propose the combined use
of STIR and T1 sequences to estimate the soft tissue mar-
gins of the tumour. After reviewing the histological findings
from the areas of abnormal MR signal, we list a few sub-
jective parameters which indicate whether the abnormal
soft tissue signal is likely to be the tumour or peritumoral
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T1 FS post gadolinium

Figure 6. Axial T1-FS post-gadolinium MR image through the
right femur of a patient with osteosarcoma showing an
enhancing soft tissue component of the tumour with well-
demarcated convex outer margins (arrows).

reaction, some of which have been described earlier in lit-

erature. These are as follows:

1. When abnormal hyperintensity in a muscle is streaky or
feather-like, it is likely to represent oedema (Figure 5).

2. When the area of abnormal signal has convex and rel-
atively well-defined margins, it is likely to represent
tumour; peritumoral oedema is most often ill-defined
with no mass effect [2,3].

3. When the STIR hyperintensity of the tissue adjacent to
the intramedullary component of the tumour is similar
to that of the intramedullary component, it is likely to
represent tumour; peritumoral oedema often tends to
be of slightly lower signal intensity than the tumour on
STIR images [2].

4. The enhancing tissue is likely to represent tumour
when it has a mass-like appearance or convex margins
(Figure 6). In cases where the enhancement is more dif-
fuse, it is not possible on static post-contrast MRI to
decide where the tumour ends and where the reactive
zone begins.
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Conclusions

We conclude that T1-weighted MRI remains the best
sequence to assess intramedullary tumour extent despite
several newer and advanced MRI sequences that have been
introduced in the last few decades. In all the cases where
T1WI underestimated the tumour extent, it did so by less
than 1 cm. We suggest that osteotomy plane 1.5 cm beyond
the T1 margin is adequate (giving a 5-mm margin for error
in measurement) to obtain a safe surgical margin and also
allows limb salvage surgeries by limiting unwarranted
bone loss. However, this needs to be confirmed on prospec-
tive studies with a larger sample size. When determining
the extent of soft tissue component of the tumour, T1 and
STIR sequences can be used together and the suggested
guidelines may be applied to distinguish between tumour
and peritumoral signal changes. T1 and STIR sequences
are the best to determine epiphyseal involvement and T1
FS post-gadolinium sequence is the best to assess joint
involvement. Large FOV images including a joint above and
below the tumour are recommended to identify the skip
lesions.

Financial support

Institution research board research grant. No external
funding.

Conflicts of interest

None.

Acknowledgements

We sincerely thank Mr. Nixon for dedicatedly performing
the MRI studies for our study patients. We also thank Dr.

Varsha Kiron for providing guidance through the analysis
and interpretation of the study results.

—

. Baweja S, Arora R, Singh S et al: Evaluation of bone tumors with
magnetic resonance imaging and correlation with surgical and gross
pathological findings. Indian J Radiol Imaging, 2006; 16(4): 611

. Golfieri R, Baddeley H, Pringle JS, Souhami R: The role of the STIR
sequence in magnetic resonance imaging examination of bone
tumours. Br J Radiol, 1990; 63(748): 251-56

. Hanna SL, Fletcher BD, Parham DM, Bugg MF: Muscle edema in
musculoskeletal tumors: MR imaging characteristics and clinical
significance. J Magn Reson Imaging, 1991; 1(4): 441-49

4. Hoffer FA, Nikanorov AY, Reddick WE et al: Accuracy of MR imaging
for detecting epiphyseal extension of osteosarcoma. Pediatr Radiol,
2000; 30(5): 289-98

. Onikul E, Fletcher BD, Parham DM, Chen G: Accuracy of MR
imaging for estimating intraosseous extent of osteosarcoma. Am J
Roentgenol, 1996; 167(5): 1211-15

. Norton KI, Hermann G, Abdelwahab IF et al: Epiphyseal involvement
in osteosarcoma. Radiology, 1991; 180(3): 813-16

. Panuel M, Gentet JC, Scheiner C et al: Physeal and epiphyseal extent
of primary malignant bone tumors in childhood. Correlation of
preoperative MRI and the pathologic examination. Pediatr Radiol,
1993; 23(6): 421-24

N

w

[

(=2}

~

[e=}

. Gronemeyer SA, Kauffman WM, Rocha MS et al: Fat-saturated
contrast-enhanced T1-weighted MRI in evaluation of osteosarcoma
and Ewing sarcoma. J Magn Reson Imaging, 1997; 7(3): 585-89

©w

. Hao Y, Zhang Y, Yang Z et al; The accuracy of magnetic resonance
imaging in determining the osteotomy plane in osteosarcoma.
Orthopedics, 2008; 31(6): 544

10. Han G, Wang Y, Bi W-Z et al: Magnetic resonance imaging is
appropriate for determining the osteotomy plane for appendicular
osteosarcoma after neoadjuvant chemotherapy. Med Oncol
Northwood Lond Engl, 2012; 29(2): 1347-53

. Gillespy T III, Manfrini M, Ruggieri P et al: Staging of intraosseous

extent of osteosarcoma: Correlation of preoperative CT and MR
imaging with pathologic macroslides. Radiology, 1988; 167(3): 765-67

1

—

12. Ahmad S, Stevenson J, Mangham C et al; Accuracy of magnetic
resonance imaging in planning the osseous resection margins of
bony tumours in the proximal femur: Based on coronal T1-weighted
versus STIR images. Skeletal Radiol, 2014; 43(12): 1679-86

13. Shiga NT, Del Grande E, Lardo O, Fayad LM: Imaging of primary bone
tumors: Determination of tumor extent by non-contrast sequences.
Pediatr Radiol, 2013; 43(8): 1017-23

14. Alyas F, Saifuddin A, Connell D: MR imaging evaluation of the bone
marrow and marrow infiltrative disorders of the lumbar spine. Magn
Reson Imaging Clin N Am, 2007; 15(2): 199-219, vi

547



Original Article

© Pol J Radiol, 2016; 81: 540-548

15. Burdiles A, Babyn PS: Pediatric bone marrow MR imaging. Magn
Reson Imaging Clin N Am, 2009; 17(3): 391-409, v

16. Vanel D, Dromain C, Tardivon A: MRI of bone marrow disorders. Eur
Radiol, 2000; 10(2): 224-29

17. Noncontrast sequences tumour margin.pdf

18. Seeger LL, Widoff BE, Bassett LW et al: Preoperative evaluation of

osteosarcoma: Value of gadopentetate dimeglumine-enhanced MR
imaging. Am J Roentgenol, 1991; 157(2): 347-51

19.

20.

21.

Van Trommel MEF, Kroon HM, Bloem JL et al: MR imaging based
strategies in limb salvage surgery for osteosarcoma of the distal
femur. Skeletal Radiol, 1997; 26(11): 63641

Schima W, Amann G, Stiglbauer R et al: Preoperative staging
of osteosarcoma: Efficacy of MR imaging in detecting joint
involvement. Am J Roentgenol, 1994; 163(5): 1171-75

Tokuda O, Harada Y, Matsunaga N: MRI of soft-tissue tumors:
Fast STIR sequence as substitute for T1-weighted fat-suppressed
contrast-enhanced spin-echo sequence. Am J Roentgenol, 2009;
193(6): 1607-14

548



