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In today’s era, limb salvage surgery is the procedure of choice and current standard of care in appropriately selected patients of bone
sarcomas. For adequate oncologic clearance, preoperative evaluation of the extent of tumor is mandatory.,e present study was done to
compare measurements of bone sarcomas (osteosarcoma, Ewing’s sarcoma, and chondrosarcoma) as determined by magnetic resonance
imaging (MRI) with the histopathological extent seen on resected specimens. We prospectively evaluated 100 consecutive patients with
a diagnosis of bone sarcoma who underwent limb salvage surgery between May 2014 and December 2014. ,e maximum longitudinal
(cranio-caudal) dimension of tumor on the noncontrast T1-WI sequence of MRI (irrespective of whether it was pre/postchemotherapy)
was comparedwith the gross dimensions of the tumor on histopathology.,e arithmeticmean difference,Wilcoxon signed-rank test, and
Spearman’s correlation analysis were used to test the differences and correlation between groups. Mean tumor size on MRI based on the
largest extent on MRI was 12.1±4.85 cm (mean± standard deviation), while it was 10.77±4.6 cm (mean± standard deviation) on
histopathology. In 79 cases,MRI overestimated the extent of disease; themeanwas 1.79 cmwith a standard deviation of 1.56 cm.When the
disease extent was underestimated onMRI (13 cases), themeanwas 0.58 cmwith a standard deviation of 0.43 cm. In 8 cases (osteosarcoma
(7), Ewing’s sarcoma (1)),MRImeasurement was equal to histopathology.,e Spearman correlation analysis showed a high correlation of
tumor length on histopathologywith theMRI for all patients (R� 0.948,P< 0.0001).We thus conclude thatMRI is accurate in delineating
the extent of bone sarcomas. A margin of 2 cm from the maximum tumor extent is adequate to ensure appropriate surgical resection.

1. Introduction

Complete tumor removal is critical to achieve adequate disease
control and provide optimum oncological outcomes in bone
sarcomas. In today’s era, limb salvage surgery has become the
procedure of choice and the current standard of care in ap-
propriately selected patients [1, 2]. For adequate oncologic
clearance, preoperative evaluation of the extent of tumor is
mandatory [3, 4]. Inadequate excision of tumor-bearing bone
can result in tumor recurrence and contribute to poor onco-
logical outcomes, and hence limb salvage should only be
performed after detailed preoperative planning that ensures
complete tumor removal [5]. Unnecessary resections can lead to
compromised function and a higher incidence of reconstruction
failure [6]. Presently, magnetic resonance imaging (MRI) is

considered as the best imaging modality to detect the extent of
tumor involvement [7, 8]. Accurate estimation of tumor extent
on MRI is the key to plan optimal resection margins [9–13].
Currently, there are limited studies comparing MRI with
postresection histopathological measurements.

,e present study compares measurements in bone
sarcomas (osteosarcoma, Ewing’s sarcoma, and chon-
drosarcoma) as determined by the MRI with the histo-
pathological extent seen on resected specimens.

2. Materials and Methods

We prospectively evaluated 100 consecutive patients with
a diagnosis of bone sarcoma who underwent limb salvage
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surgery betweenMay 2014 and December 2014. Institutional
ethics committee approval was obtained for the study. ,e
study included patients with a confirmed histopathological
diagnosis of osteosarcoma/Ewing’s sarcoma/chon-
drosarcoma who underwent limb salvage surgery at our
centre.We excluded patients who underwent reimplantation
of bone after extracorporeal radiation therapy where mar-
gins and tumor extent could not be assessed on post-re-
section histopathology (HP) [14].

At presentation, all patients underwent local disease
evaluation with a plain radiograph in two perpendicular
planes and MRI of the local site imaging the entire length of
the involved bone. After confirmation of histopathological
diagnosis and staging, the patients were treated as per
standard hospital protocol (neoadjuvant chemotherapy for
osteosarcoma and Ewing’s sarcoma) and upfront surgery for
chondrosarcoma. After completion of neoadjuvant therapy
which lasted for approximately 3 months, a repeat MRI was
done for all patients. ,e last MRI was performed within 6
weeks of index surgery. Both pre- and postchemotherapy
MRI images were reviewed by a radiologist specialising in
musculoskeletal oncology, and details of the tumor site, size,
and maximum disease extent (intramedullary extent/peri-
osteal reaction/soft tissue mass) were noted. For the purpose
of this study, the maximum extent of disease as measured on
noncontrast T1-weighted images was noted [15]. ,e
maximum longitudinal (cranio-caudal) dimension of tumor
onMRI (irrespective of whether it was a prechemotherapy or
postchemotherapy MRI) was considered as this is the extent
which determines the level for tumor resection [15]. ,e
imaging was performed on 1.5T system (Signa, GE). T1-WI
coronal sequences were performed using a body coil with
a repetition time range/echo time range of 300–600ms/4–
6ms and 4mm section thickness and 1mm spacing.

After surgical resection, the excised specimenswere grossed
by a pathologist specialising in musculoskeletal oncology. After
bisecting the specimen longitudinally, the gross dimensions of
the tumor were recorded. ,e extent of disease involvement as
seen on the specimen was measured using a millimetre scale
and was confirmed by histopathology sections that evaluated
maximum disease extent. ,e radiological and histopatho-
logical dimensions were correlated. All the radiological and
histopathological assessments were done by the same radiol-
ogist and pathologist who specialised in musculoskeletal on-
cology and were aware of the ongoing study. Examples of
measurements are shown in Figures 1 and 2.

,e arithmetic mean difference, Wilcoxon signed-rank
test, and Spearman’s correlation analysis were used to test
the differences and correlation between groups.

3. Results

A total of 100 cases were included in the study; 73 osteosar-
comas, 20 Ewing’s sarcomas, and 7 chondrosarcomas. Prox-
imal tibia (30) and distal femur (29) were the most common
sites involved (Figure 3). 89 patients received chemotherapy.

Mean tumor size on MRI based on the largest extent on
either pre/postchemotherapy MRI was 12.1± 4.85 cm
(mean± standard deviation), while it was 10.77± 4.6 cm

(mean± standard deviation) on histopathology. ,e mean
difference and standard deviation of subgroups are given in
Table 1. In 8 cases (osteosarcoma (7), Ewing’s sarcoma (1)),
MRI measurement was equal to histopathology.

,e Spearman correlation analysis showed a high cor-
relation of tumor length on histopathology with the MRI for
all patients (R� 0.948, P< 0.0001).

4. Discussion

With improved surgical techniques and effective neoadjuvant
therapy, the current rate of limb salvage in bone sarcomas is
85% to 90% [16, 17]. An adequate surgical resection provides
the best chance for local disease control, which contributes to
better disease-related survival in bone sarcomas [10, 11, 18].
Balancing the desire to retain best possible function neces-
sitates that the surgical excisionmust have adequate oncologic
clearance while avoiding unnecessary excessive resection.
Prior to the era of current advanced imaging modalities,
intraoperative evaluation of the bone marrow by frozen
section was the norm in surgical treatment of bone sarcomas
[19]. ,is is time consuming, needs the availability of
a dedicated pathologist for assessing the sample during
surgery, and adds an additional financial cost to treatment
[20]. Advances in imaging have improved our ability to ac-
curately assess the extent of tumor on MRI. ,is can help
reduce or obviate intraoperative frozen section sampling [20].
Anderson et al. in a study of 142 patients concluded that
frozen section can be omitted to determine the disease status
at the osteotomy site [20] though they did suggest exami-
nation of the split gross specimen as an adjunct to clinical and
radiological findings to ensure negative margins.

While there are a few published studies comparing the
accuracy of imaging in determining the extent of disease in
osteosarcoma, studies comparing the same for Ewing’s sar-
coma and chondrosarcoma are scarce [8, 19, 21–28]. Gillepsy
et al. [22] compared CTand MRI in 17 cases of osteosarcoma
and determined that MRI is extremely accurate in assessing
the intraosseous extent with a difference of 4.9± 4.3mm. In
a subgroup of five specimens with an identical plane of
section, the average difference reduced to 1.8mm± 1.6.
O’Flanagan’s study [26] comparing CT, MRI, and bone scans
to estimate the extent of tumor in resected specimens de-
termined that an MRI gave the most accurate results. Onikul
et al. documented a mean difference in MRI and post-
operative gross specimen measurements within 2 cm [8].

In Han et al.’s series, restricted to only osteosarcoma
cases, the maximum underestimation was 0.9 cm and the
maximum over estimation was 3.4 cm [23]. Tao’s study [25]
excluded tumors involving thin bones like the radius, ulna
and fibula, whereas we have included all tumors in 100
consecutive cases. In their study, estimation of tumor length
was done on gross specimens whereas we had histopa-
thology confirmation confirming the pathologic extent of
disease as well. Tao et al. showed a median difference of
2mm (range: 0.1 cm to 1.5 cm) where the radiological dis-
ease extent was overestimated and a median difference of
5mm (range: 0.1 cm to 1.8 cm) when the radiological disease
extent was underestimated [25]. In our study when MRI
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(a) (b)

Figure 1: Tumor length measurements in the case of distal femur osteosarcoma on the gross specimen (a) 16.5 cm and noncontrast T1-
weighted coronal MRI (b) 15.2 cm. Note that the white arrow indicates the periosteal reaction and soft tissue component exceed the
intramedullary tumor extent.

(a) (b)

Figure 2: Tumor length measurements in the case of distal femur osteosarcoma on the gross specimen (a) 14 cm and noncontrast T1-
weighted coronal MRI (b) 16 cm. Note that the white arrow indicates the periosteal reaction exceeds the intramedullary tumor extent.
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overestimated the extent of disease, the mean was 1.79 cm
with a standard deviation of 1.56 cm. When the disease
extent was underestimated on MRI, the mean was 0.58 cm
with a standard deviation of 0.43 cm.

While in Tao’s series, the maximum underestimation
was 1.8 cm, and it was 1.5 cm in our series. ,us, a margin of
2 cm from the maximum tumor extent can be considered an
adequate safety margin to avoid intralesional resections.
While a 2 cm margin is ideal, occasionally there will be
instances when a surgeonmay choose to have a lesser margin
in order to preserve a growth plate or an articular joint. It
may be advisable to augment radiologic estimations of

disease extent with intraoperative frozen section sampling or
examination of split gross specimens in these cases.

5. Conclusions

,e findings of the present study reiterate the fact that MRI
is accurate in delineating the extent of bone sarcomas. A
margin of 2 cm from the maximum tumor extent is adequate
and can avoid unnecessary lengthy resections. In the current
era of imaging, frozen section sampling after resection in
bone sarcomas may be omitted without compromising
oncologic clearance in cases where a 2 cmmargin is possible.
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Figure 3: Distribution as per site.

Table 1: Subgroup analysis.

Mean difference± SD (cm) Minimum (cm) Maximum (cm)
MRI length>HP (79) 1.79± 1.56 0.10 4.00
Mean difference in tumor length in cases where dimension in MRI is more than HP
Osteosarcoma (54) 1.8± 1.2 0.10 4.00
Ewing’s sarcoma (19) 1.98± 1.10 0.30 4.00
Chondrosarcoma (6) 1.12± 0.79 0.50 2.50
HP size>MRI (13) 0.58± 0.43 0.10 1.50
Mean difference in tumor length in cases where dimension in HP is more than MRI
Osteosarcoma (12) 0.58± 0.45 0.10 1.50
Chondrosacoma (1) 0.6± 0.6 0.60 0.60
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Data Availability

,e datasets of the current study are available from the
corresponding author upon request.
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[15] C. ,évenin-Lemoine, L. Destombes, J. Vial et al., “Planning
for bone excision in ewing sarcoma: post-chemotherapy MRI
more accurate than pre-chemotherapy MRI assessment,” 3e
Journal of Bone and Joint Surgery, vol. 100, no. 1, pp. 13–20,
2018.

[16] E. Halperin, L. Constine, N. Tarbell, and L. Kun, “Pediatric
radiation oncology,” 2012, https://books.google.com/books?
hl�en&lr�&id�UMKN7qerq3wC&oi�fnd&pg�PA184&ots�
SdlLVkDq9g&sig�yFonYACVRZPvqoT-CQMjZwQaMH0.

[17] A. Gulia, “Osteosarcoma—a clandestine enigma,” Journal of
Bone & Soft Tissue Tumors, vol. 2, no. 1, pp. 6-7, 2016.

[18] A. J. Chou, P. R. Merola, L. H. Wexler et al., “Treatment of
osteosarcoma at first recurrence after contemporary therapy,”
Cancer, vol. 104, no. 10, pp. 2214–2221, 2005.

[19] M. S. Meyer, S. S. Spanier, M. Moser, and M. T. Scarborough,
“Evaluating marrow margins for resection of osteosarcoma. A
modern approach,” Clinical Orthopaedics and Related Re-
search, vol. 363, pp. 170–175, 1999.

[20] M. E. Anderson, P. E. Miller, K. van Nostrand, and
S. O. Vargas, “Frozen section versus gross examination for
bone marrow margin assessment during sarcoma resection,”
Clinical Orthopaedics and Related Research®, vol. 472, no. 3,pp. 836–841, 2014.

[21] L. Bellanova, T. Schubert, O. Cartiaux et al., “MRI-based
assessment of safe margins in tumor surgery,” Sarcoma,
vol. 2014, Article ID 686790, 5 pages, 2014.

[22] T. Gillespy, M. Manfrini, P. Ruggieri, S. S. Spanier,
H. Pettersson, and D. S. Springfield, “Staging of intraosseous
extent of osteosarcoma: correlation of preoperative CT and
MR imaging with pathologic macroslides,” Radiology,
vol. 167, no. 3, pp. 765–767, 1988.

[23] G. Han, Y. Wang, W.-Z. Bi et al., “Magnetic resonance im-
aging is appropriate for determining the osteotomy plane for
appendicular osteosarcoma after neoadjuvant chemother-
apy,” Medical Oncology, vol. 29, no. 2, pp. 1347–1353, 2012.

[24] Y. Hao, Y. Zhang, Z. Yang, X. Li, Q. Yang, and J. Li, “,e
accuracy of magnetic resonance imaging in determining the
osteotomy plane in osteosarcoma,” Orthopedics, vol. 31, no. 6,
pp. 1–6, 2008.

[25] T. Jin, Z.-P. Deng, W.-F. Liu, H.-R. Xu, Y. Li, and X.-H. Niu,
“Magnetic resonance imaging for the assessment of long bone
tumors,” Chinese Medical Journal, vol. 130, no. 21,
pp. 2547–2550, 2017.

[26] S. J. O’Flanagan, J. P. Stack, H. M. McGee, P. Dervan, and
B. Hurson, “Imaging of intramedullary tumour spread in
osteosarcoma. A comparison of techniques,” Journal of Bone
and Joint Surgery, vol. 73, no. 6, pp. 998–1001, 1991.

[27] T. Putta, S. Gibikote, V.Madhuri, and N.Walter, “Accuracy of
various MRI sequences in determining the tumour margin in
musculoskeletal tumours,” Polish Journal of Radiology, vol. 81,
pp. 540–548, 2019, http://www.polradiol.com/abstract/index/
idArt/898108.

[28] M. J. ,ompson, J. C. Shapton, S. E. Punt, C. N. Johnson, and
E. U. Conrad, “MRI identification of the osseous extent of
pediatric bone sarcomas,” Clinical Orthopaedics and Related
Research, vol. 476, no. 3, pp. 559–564, 2018.

Sarcoma 5

https://books.google.com/books?hl=en&lr=&id=UMKN7qerq3wC&oi=fnd&pg=PA184&ots=SdlLVkDq9g&sig=yFonYACVRZPvqoT-CQMjZwQaMH0
https://books.google.com/books?hl=en&lr=&id=UMKN7qerq3wC&oi=fnd&pg=PA184&ots=SdlLVkDq9g&sig=yFonYACVRZPvqoT-CQMjZwQaMH0
https://books.google.com/books?hl=en&lr=&id=UMKN7qerq3wC&oi=fnd&pg=PA184&ots=SdlLVkDq9g&sig=yFonYACVRZPvqoT-CQMjZwQaMH0
http://www.polradiol.com/abstract/index/idArt/898108
http://www.polradiol.com/abstract/index/idArt/898108


Stem Cells 
International

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

MEDIATORS
INFLAMMATION

of

Endocrinology
International Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

Disease Markers

Hindawi
www.hindawi.com Volume 2018

BioMed 
Research International

Oncology
Journal of

Hindawi
www.hindawi.com Volume 2013

Hindawi
www.hindawi.com Volume 2018

Oxidative Medicine and 
Cellular Longevity

Hindawi
www.hindawi.com Volume 2018

PPAR Research

Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2013
Hindawi
www.hindawi.com

The Scientific 
World Journal

Volume 2018

Immunology Research
Hindawi
www.hindawi.com Volume 2018

Journal of

Obesity
Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

 Computational and  
Mathematical Methods 
in Medicine

Hindawi
www.hindawi.com Volume 2018

Behavioural 
Neurology

Ophthalmology
Journal of

Hindawi
www.hindawi.com Volume 2018

Diabetes Research
Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

Research and Treatment
AIDS

Hindawi
www.hindawi.com Volume 2018

Gastroenterology 
Research and Practice

Hindawi
www.hindawi.com Volume 2018

Parkinson’s 
Disease

Evidence-Based 
Complementary and
Alternative Medicine

Volume 2018
Hindawi
www.hindawi.com

Submit your manuscripts at
www.hindawi.com

https://www.hindawi.com/journals/sci/
https://www.hindawi.com/journals/mi/
https://www.hindawi.com/journals/ije/
https://www.hindawi.com/journals/dm/
https://www.hindawi.com/journals/bmri/
https://www.hindawi.com/journals/jo/
https://www.hindawi.com/journals/omcl/
https://www.hindawi.com/journals/ppar/
https://www.hindawi.com/journals/tswj/
https://www.hindawi.com/journals/jir/
https://www.hindawi.com/journals/jobe/
https://www.hindawi.com/journals/cmmm/
https://www.hindawi.com/journals/bn/
https://www.hindawi.com/journals/joph/
https://www.hindawi.com/journals/jdr/
https://www.hindawi.com/journals/art/
https://www.hindawi.com/journals/grp/
https://www.hindawi.com/journals/pd/
https://www.hindawi.com/journals/ecam/
https://www.hindawi.com/
https://www.hindawi.com/

