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Osteosarcoma is the most common malignant primary neoplasm of bone. For an optimal
oncological outcome, surgical removal of tumor is an essential component of its multi-
disciplinary treatment. Limb salvage surgery has long been established as the standard of
care for osteosarcoma. While limb-salvaging techniques have acceptable rates of disease
control, amputation remains a valid procedure in selected cases. In current orthopedic
oncology practice, the focus is on optimizing the balance between preservation of form and
function of the limb and adequate oncological clearance at the same time. Improving the
functional outcome and longevity of reconstructive procedures also remains a challenge.

Copyright © 2012, Delhi Orthopaedic Association. All rights reserved.

1. Introduction

Osteosarcoma is the most common malignant neoplasm of
bone.! Over the past 3 decades, the prognosis for patients with
osteosarcoma has changed dramatically. Though the devel-
opment of effective chemotherapy agents has reduced the
incidence of metastatic disease and mortality,? surgical exci-
sion of the tumor remains a most essential component of
osteosarcoma management. This article reviews the current
status of surgical treatment of osteosarcoma, including the
indications and advantages of limb salvage, and techniques of
resection and reconstruction.

The surgical treatment of osteosarcoma has historically
been amputation/disarticulation. As early as 1879, it was
realized that the most ablative of surgeries will not result in
cure of the vast majority of patients.? It was not until 1970s
that the role of chemotherapy in improving survival in oste-
osarcoma patients was established.* While there has been
improvement in survival from inclusion of chemotherapy on
the one hand, it has been paralleled by a shift of surgical
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treatment from amputation toward limb salvage surgery.
More than 90% of patients with osteosarcoma undergo limb
salvage surgery at most specialized centers.® This change has
resulted from advancements in prosthetics, surgical tech-
niques, anesthesia, imaging and pathology.

2. Amputation or limb salvage

It has been established beyond doubt that the survival of
patients with osteosarcoma is not adversely affected by the
choice of limb salvage as the surgical treatment as against
amputation.® This has led to a protocol of considering every
patient for limb salvage surgery at all specialized centers.
However, limb salvage should be considered in a patient only
if the surgeon is reasonably confident that surgical excision of
the tumor with wide margins is feasible, and that the expected
function of the limb after limb salvage surgery will be better
than ablative surgery in the form of amputation/disarticula-
tion. Limb salvage surgery will usually be contraindicated if
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there is pancompartmental disease with fungation, gross
infection, encasement of major neurovascular bundle, and
displaced pathological fracture not healing on neoadjuvant
chemotherapy.” While many workers have suggested
marginally higher rates of local recurrence following limb
salvage surgery compared to a radical amputation/disarticu-
lation, it has been observed that this is not translated into
statistically significant disadvantage in survival.*® On func-
tional and cost of treatment parameters, limb salvage surgery
scores above amputation, as recent studies indicate.’
Surprisingly, however, the long term psychological outcome
of patients with limb salvage surgery is reported to be the
same as amputation.®

3. Biopsy

Biopsy is the first and a very important part of the overall
management of osteosarcoma. It is vital, like all other malig-
nancies, in the confirmation of diagnosis. A core needle biopsy
carried out as an outpatient/day care procedure is usually per-
formed in the majority of patients, though an incisional biopsy
may be required in a small minority of patients. Usually the soft
tissue component is biopsied and the biopsy tract is placed in
line with the planned definitive surgical incision, so that it does
not violate tissue planes and neurovascular structures, and can
be excised during definitive surgery. The biopsy should best be
performed by an experienced orthopedic oncologist, working as
part of a team finally doing the surgery.'*

4. Timing of surgery in multimodal
management

For low grade osteosarcoma (whether juxtacortical or central)
wide surgical excision needs to be done as the only treatment.
For high grade osteosarcomas, however, surgery has to be
combined with multiagent chemotherapy. Initially, chemo-
therapy was given as a neoadjuvant (prior to surgery) treatment,
with the idea that micrometastases will be addressed earlier,
and there will be time to order and manufacture customized
prosthesis. The modern prostheses now available are modular
and available off the shelf, and do not require the waiting period
for manufacturing. Moreover, neoadjuvant chemotherapy has
shown no improvement in survival in numerous studies.®
However, neoadjuvant chemotherapy is still usually followed,
as it gives the patient and the surgeon time to discuss and plan
the resection and reconstruction, facilitates surgery by way of
better defined tissue planes and resolved tissue edema, and
gives a chance for prognostication of the patient by post-
operative histopathological inputs. Surgery is then followed by
adjuvant therapy, which may or may not be tailor made
according to a good or bad histopathological response.

5. Resection

In a classic study performed at the Istituto Ortopedico
Rizzoli, the different relevant margins in the treatment of
osteosarcoma were charachterised.’® Surgical margins are

defined as intralesional, marginal, wide, and radical. An
intralesional margin is created if the tumor is entered at any
point during surgery. A marginal margin is created when the
dissection extends into or through the reactive zone that
surrounds the tumor. A wide margin is created when the
reactive zone is not entered and the entire dissection is per-
formed through healthy tissues. A radical margin is created
when the entire bony or myofascial compartment or
compartments containing the tumor is resected.

The principle of surgical resection of osteosarcoma (as for
any sarcoma of bone) is resection with wide margins (removal
of tumor with a cuff of normal tissue covering it all around).
This usually means removal of 2 cm normal tissue or a good
anatomical barrier (e.g fascial layer/articular cartilage)'® and
osteotomy of bone 3—5 cm away from the level of involve-
ment. There have also been recommendations of smaller
margins on bone being acceptable for resection after effective
neoadjuvant treatment.”® Joint sparing resections using the
open physeal cartilage as margin are also oncologically sound,
while saving the nearby joint at the same time. Some workers
have advocated the use of computer navigation for accurate
resection with safe margin based on imaging findings while
preserving as much bone as feasible. Similarly, distraction of
growth plate is also being done preoperatively to enable
preservation of the physis while retaining good margins of
excision.” An intraoperative frozen section from the bone
marrow should be sent for confirmation of negative margin at
the osteotomy site. Ablative surgery in the form of amputation
or disarticulation is indicated in cases where salvaging the
limb is not feasible with resection of tumor with wide
margins.

6. Reconstruction

Reconstruction of large segmental defects following resection
is a challenging task. An ideal reconstruction should be
durable, compensate for the loss of growth of the involved
limb in skeletally immature patients, result in the function
and appearance of the limb as close to normal as possible, be
compatible with early rehabilitation, and be cost effective and
readily available. Obviously, there is no single ideal method of
reconstruction, and it has to be chosen keeping in mind the
requirements of the patient.

6.1. Reconstruction using megaprosthesis

Reconstruction with megaprosthesis is a common mode of
reconstruction as it has a predictable functional outcome,
allows early rehabilitation, allows for intraoperative flexibility
in the length of the reconstruction required and being non
biological, is unaffected by adjuvant chemotherapy (Figs. 1
and 2). However, the main disadvantage of megaprosthesis
is the vulnerability to wear and tear leading to loosening/
breakage in the long term. Furthermore, the reattachment of
tendons to the prosthesis is another factor compromising the
functional outcome.'® Availability of expandable prosthesis
has minimized the problem of limb length discrepancy in
young children with significant remaining growth, as they can
be lengthened non-invasively."
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Fig. 1 — A total femur (a) and a proximal tibia (b) megaprosthesis in situ.

6.2. Biological methods of reconstruction

Biological reconstruction may be wused for arthrodesis
(Fig. 3), intercalary reconstruction (Fig. 4), or osteoarticular
graft. They depend on bone healing for rehabilitation, which
is subject to effects of adjuvant therapy and is associated
with a long rehabilitation time. Osteoarticular allografts
offer the advantage of good reattachment of tendons for
optimal function, particularly at sites such as proximal
tibia, proximal femur and proximal humerus. However, the
availability of cadaveric grafts is limited, and the issues of
infection, graft fracture, non union and osteoarthritis
are reasons for concern.’®'® They can also be used as
allograft — prosthesis composite, to avoid development of
early osteoarthritis.®

In centers not having cadaveric bone bank access, resected
tumor may be extracorporeally treated (radiotherapy/liquid
nitrogen/pasteurization) and reimplanted to reconstruct the
defect. This method offers a massive bone graft exactly
matching the requirement of the defect created, and is highly
cost effective (being the patient’s own bone) (Fig. 4). However,
the indications are limited and the postoperative histopath-
ological input is suboptimal.?**?

Vascularized autografts are also used for intercalary
defects, arthrodesis (Fig. 3), or as growing osteoarticular grafts.
They unite more predictably and show earlier hypertrophy
compared to nonvascular autografts.”®> Vascular autografts
are also very useful when combined with allograft/irradiated
bone, providing vascularity to these massive grafts and
making the outcome more predictable (Fig. 4).

7. Management of complications
7.1. Infection

Periprosthetic infections are a frequent (reported rates
approximately 10%) complication of limb salvage surgery
which is largely due to prolonged and repeated surgeries, as
well as to the immunocompromised condition of these
patients. Furthermore, the large exposure of tissues and
extensive dissection across vascular distributions also
contributes to the high risk of infection. The highest risk of
infection has been observed after proximal tibia resection due
to the poor soft tissue coverage and pelvic resection due to
dead space and vicinity to pelvic viscera.?* Radiation therapy

Fig. 2 — X-ray showing a distal femur megaprosthesis.
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Fig. 3 — Arthrodesis of (a) wrist following distal radius resection and vascularized fibula graft (b) hip following internal

hemipelvectomy.

and expandable prosthesis are also reported to be risk factors
for infection.?®

Usually one or more attempts at debridement with anti-
biotic therapy (systemic and local antibiotic cement beads) are
indicated as first line treatment of infection of tumor mega-
prosthesis, particularly in the early postoperative setting. If
these measures don’t work, implant removal and thorough
debridement and lavage is indicated. Usually an antibiotic
impregnated cement spacer is placed before a new implant is
inserted as a two staged procedure. Amputation may be ulti-
mately required in a fair proportion of these patients.?

7.2. Local recurrence

Local recurrence occurs in about 5% of patients undergoing
limb salvage surgery for extremity and girdle osteosarcomas
at specialized centers. The treatment of a local recurrence
depends on the timing of recurrence, association with distant
metastases, and resectability. Resectability is decided on the
same criteria as a primary tumor, and local recurrence does
not always warrant an amputation. A short disease free
survival or an association with pulmonary metastases may
warrant first or second line chemotherapy.?® While local

Fig. 4 — (a) Tumor excised and irradiated, prepared for implantation (b) Extracorporeally irradiated bone reimplanted

(augmented with vascularized fibula graft).
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recurrence of osteosarcoma usually carries a poor prognosis,?’
there have also been reports of local recurrence not having
a significant impact on overall survival.?®

7.3. Implant failure

Mechanical failure is the commonest reason for failure of
reconstruction with megaprosthesis.?® Long term series report
a survival rate of tumor megaprosthesis at 10 years ranging
from 50 to 90% approximately, the highest revision rates being
with proximal tibia implants.***! There has been a lot of
research into efforts to improve the longevity of tumor meg-
aprosthesis, and improvements in prosthetic technology
(rotating platform design, HA coated collar and stem, porous
tantalum and compression osteointegration technology) hold
promise in overcoming these limitations of this useful method
of reconstruction.®

7.4. Non union

Non union/fracture of biological reconstruction (arthrodesis/
intercalary reconstruction) using allograft/vascular autograft/
nonvascular autograft may be seen in patients undergoing
these procedures. The effect of adjuvant chemotherapy/
radiotherapy, and use of nonvascular bone (e.g. allograft/
extracorporeally treated bone) leads to a greater incidence of
these complications.

8. Management of metastatic disease

Metastatic osteosarcoma generally carries a poor prognosis.
The treatment has to be individualized to the patient,
depending on the site (pulmonary or extrapulmonary),
number and time of presentation. Pulmonary metastases, few
in number, resectable and presenting late with a long
doubling time carry a better prognosis and are good candi-
dates for pulmonary metastectomy.? There have even been
reports of improvement in longevity of patients undergoing
repeated pulmonary metastectomies.?® These considerations
have led to a more aggressive approach to treatment of
metastatic osteosarcoma in recent times.

. Conclusion

Surgical management of patients with osteosarcoma is chal-
lenging. No difference in survival has been shown between
amputations and adequately performed limb-salvaging
procedures. Optimal tumor resection and a functional
residual limb with increased survival of both the patient and
the reconstruction are the goals of today’s orthopedic
oncology. Removal of tumor with adequate margins should be
the primary consideration, whether the surgery is limb
sparing or limb sacrificing. Reconstruction should be individ-
ualized to the needs of the patient keeping in mind the
oncological, functional and social requirements.
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