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Introduction

ABSTRACT

Primary malignant bone tumours, or sarcomas, are rare and represent a major diagnostic and therapeutic challenge.
According to the EUROCARE database, they do not exceed 0.2% of all malignancies. According to the American
Cancer Society, over 40% of primary bone tumours in adults are chondrosarcomas followed by osteosarcoma
(28%), chordoma (10%) Ewing sarcoma (8%), malignant histiocytic sarcoma/fibrosarcoma (4%), and the remaining
percentages is distributed among several types of rare bone tumours. In children and adolescents (< 20 years),
osteosarcoma accounts for 56%, Ewing sarcoma 34% and chondrosarcoma only 6%.

The best treatment results of bone sarcomas are achieved with the use of combined therapy in highly specialised
centres. This combined treatment within specialised multidisciplinary teams gives the patient the greatest chance
for appropriate management of their disease and increases their chances to be cured and to avoid disability.
Limb sparing surgery is currently a standard in surgical treatment of bone sarcomas. This approach helps to
obtain a good functional result and limits the patient’s disability. The most common methods currently used in
sparing surgery include modular oncology endoprostheses (megaprostheses), non invasive growing prostheses
used in children, bone auto and allografts, rotationplasties, patient specific surgical implants, arthrodesis of large
joints, and in some locations only radical bone resections (shoulder, pelvis). In this short review article we present
historical and contemporary methods of surgical treatment of primary bone sarcomas.

Key words: primary bone sarcomas, sparing treatment, megaprosthesis, patient specific surgical implants,
custom made implants
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Due to the low incidence of bone sarcomas, many
(even specialised) physicians and general practitioners

Primary malignant tumours of bones, known as
sarcomas, are an uncommon entity, problematic to both
diagnose and treatment. According to the EUROCARE
database, they represent only 0.2% of all cancers [1].

According to the American Cancer Society, chon-
drosarcomas constitute more than 40% of all primary
bone cancers in adults. Other common subtypes are:
osteosarcomas (28%), chordomas (10%), Ewing
sarcomas (8%), and malignant histiocytic sarcomas/fi-
brosarcomas (4%). Less frequent sarcomas are mostly
limited to a few types of rare bone sarcomas. In children
and adolescents (< 20 years-old) 56% of sarcomas are
osteosarcomas, 34% are Ewing sarcomas, and only 6%
are chondrosarcomas [2].

will not encounter any such case throughout their career.
This limited knowledge regarding diagnosis and treat-
ment of bone sarcoma may result in significant delays
and errors in the therapeutic process.

Symptoms reported by patients are mostly unspecific.
Usually, initial signs of the disease are underestimated by
both patient and primary care physician. Depending on
the patient’s age, they are often mistaken for arthritis or
inflammatory changes in older patients, or for injuries and
overload changes in younger patients. This may lead to
weeks or even months of delay in performing radiological
imaging, done only after ineffective conservative treatment.

In early stages, the disease is restricted to bone only,
without infiltration of local soft tissues. If the primary
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radiological imaging is limited only to ultrasonography
(USG) or if the initial X-ray is incorrectly interpreted,
the patient will receive the wrong treatment, delaying
the therapeutic process and only advancing the stage
of sarcoma. Such cases might require wider surgical
resections, or even amputations as a local treatment,
significantly impairing long-term prognosis.

If symptoms, such as joint or bone pains, are present
for more than a few weeks, basic radiological imaging,
including plain X-rays, are mandatory before initiat-
ing any kind of treatment. Any case suspected of bone
sarcoma require transferring the patient to a reference
centre for further diagnostic/therapeutic procedures.

As well as correct interpretation of radiological im-
ages, proper diagnosis and further treatment is based on
a histopathological examination of a specimen acquired
by a core-needle or open biopsy. The site and method
of obtaining the biopsy specimen impact the planning
of definitive limb-sparing surgery. If the biopsy is taken
from an inappropriate site, further radical resection and
subsequent reconstruction with an endoprosthesis might
be difficult or even impossible [3].

The best long-term outcomes of bone sarcomas
treatment are obtained with a multimodality treatment
at highly-specialised centers, which provide the highest
chances of cure and disability prevention.

Limb-sparing procedures are the current gold-stand-
ard of surgical bone sarcoma treatment. Extremity am-
putations are accepted only in the presence of a massive
soft-tissue, vessel, or nerve infiltration, when patients’
performance status is inadequate, or when salvage treat-
ment after inappropriate initial treatment is required.
Currently, only about 10% of patients require such
procedures.

Long-term outcomes of limb-sparing procedures
lead to better overall survival (OS) results when com-
pared to amputations (mostly due to less advanced
diseases), especially considering the lesser degree of
disability and lower psychological burden associated
with limb preservation techniques [4]. Nevertheless, the
patient must be informed about specific complications
related to implanted endoprosthesis and should receive
continuous psycho-oncologic support.

Reconstructions after resection of sarcomas are a dif-
ficult challenge, even to experienced surgeons. Post-sur-
gical bone detriment is usually accompanied by a sig-
nificant loss of surrounding soft-tissues, conditioned by
the necessity of achieving a proper surgical margin. An
additional factor that increases risk of complications is
pre- and post-operative systemic treatment, bringing an
additional burden to the patient’s organism and greatly
impacting regenerative processes after surgery [5, 6].
Before the introduction of adjuvant systemic treatment,
bone sarcomas were lethal in more than 80% of patients,
and as a result of poor prognosis the surgical treatment

was limited mostly to simple amputations [7, 8]. With
improved prognosis and overall survival, post-treatment
quality of life gained significant value. As a result, surgi-
cal procedures aimed at preserving limb functionality,
limiting disability, and improving patients’ quality-of-life
were introduced.

Currently, limb-sparing procedures using bone im-
plants or biological reconstructions are a standard of
bone sarcoma treatment. The most common methods
of reconstruction use either modular or custom-made
prostheses. However, some cases require other methods,
such as vascularised bone grafts or tumour resections
only in feasible situations.

History of bone reconstructions in
musculoskeletal system oncology

Use of implants as part of the reconstruction after
bone sarcoma resection is not new. In 1896 Kronecher
described the replacement of fibula affected by tumour
with a prosthesis from ivory. Unfortunately, apart from
a short description published in the doctoral thesis of
Marcel Beaume in 1927, no detailed knowledge regard-
ing the patient’s fate is available [9].

Since the 1940s, multiple attempts to reconstruct
osseous defects with metal implants as part of tumour
treatment have been undertaken. Austin T. Moore,
inventor of the most popular hemi-hip prosthesis used
until today after hip fracture, is considered as a pioneer
of reconstruction with megaprosthesis. In 1940 Austin
T. Moore and Harold R. Bohlman, who originated us-
age of Vitallium alloy (cobalt-chromium-molybdenum),
created a customised implant to reconstruct the proxi-
mal part of the femur for patients with hip fractures
resulting from giant cell tumours of bone (GCTB). This
procedure was the first of its kind, in which the whole
proximal part of femur was replaced. The calculations
necessary to develop the implant were drawn from the
results of X-rays and led to the creation of wax mod-
els. The models were used to form a mould, which was
used to produce 12-inch (30.5-cm) Vitallium implant
that replaced the proximal extremity of the femur [10].

In 1952 in the Royal National Orthopaedic Hospital
Sir Herbert Seddon implanted the first megaprosthesis
of distal part of femur with simultaneous replacement of
a knee — postsurgical fixed prosthesis of distal femur ex-
tremity and proximal tibia extremity — in a cancer-free
patient suffering from bone echinococcosis. A similar
type of prosthesis was used in 1954 in an 18-year-old
patient with GCTB of distal femur extremity — the
surgery was done by a team under the lead of Harold
Jackson-Burrows and Prof John T. Scales [11, 12], and
it took a whole day. As no intramedullary fixation nor
bone cement was known at that time, the prosthesis
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was settled with cortical screws, inserted through
holes in flange plates that were an integral part of the
prosthesis. After the procedure the patient returned to
normal functioning and was under routine orthopaedic
supervision. In subsequent years she gave birth to several
children and was able to walk them to school on a daily
basis, covering a distance of approximately eight miles
(~13 km) on foot.

Prof Rainer Kotz, a European pioneer of oncologi-
cal reconstructions, introduced modular prostheses in
the early 1980s. Upon a standard set of ready elements
(modules), an appropriate length of prosthesis can be
obtained to compensate for specific bone loss. The in-
troduction of this kind of prosthesis accelerated further
development of oncological bone surgery, expanding
options of bone reconstructions compared to custom
made prostheses. This pioneering idea is the basis of
modern reconstructions, and modularity is commonly
used by companies producing oncological implants for
bone reconstructions [13, 14].

The first international symposium regarding
limb-sparing techniques in surgical oncology of the
musculoskeletal system took place in 1981 in Rochester.
This incentive to spread modern knowledge about the
treatment of primary bone tumours came from the Mayo
Clinic team, partially due to a rising number of patients
who required secondary procedures as a result of inap-
propriate primary treatment of bone and soft tissues
sarcomas. During the first meetings, which took place
in the 1980s, physicians and scientists from the whole
world focused on technologies of fixating prostheses in
bones, reconstructive techniques used after resections
in the pelvic area, novel technologies in modular and
custom-made prostheses, and the impact of chemo-
therapy on limb-sparing techniques and on adjuvant
effects of proper cementing. The meeting constituted
a solid basis for further advancements in limb-sparing
surgery of musculoskeletal tumours [15].

Modern surgical and reconstructive
procedures

Currently — just as in the past — the basic goal of
surgical procedure is to achieve full resection of a tu-
mour with a sufficient fragment of unaffected bone,
allowing surgical margins within normal tissues (RO re-
section). At the stage of surgery planning, it is essential
to determine whether radical resection is obtainable.
If there is no possibility of achieving adequate surgical
margin and RO resection, limb-sparing procedures or
even whole surgical treatment should be abandoned.
R2 resections (without macroscopic radicality) result in
a significant deterioration of patients’ prognosis, usually
leading to a substantial disability, and therefore should

be avoided. Radical resections require wide excision
within normal tissues, with at least 2 cm of healthy bone
margin recommended.

Maintaining a functional effect after resection
and reconstruction is nearly as important as achieving
RO surgical margins. An adequately functioning limb
should: provide proper structural support and prehen-
sile capabilities, maintain both deep and superficial
sensations, yield muscular system granting efficient limb
mobility, and have sufficient cover with soft tissues of
the reconstructed fragment.

The methods currently most often used in limb-spar-
ing procedures include: modular endoprostheses
dedicated to oncology (megaprostheses); expandable
endoprostheses used in children; bone auto- and allo-
grafts; rotationplasty; arthrodesis of large joints; and in
some locations (shoulder or pelvis) radical bone resec-
tion without reconstruction might be a feasible option.

With all the modern advancements in endoprosthesis
development, especially the introduction of 3D print-
ing, personalised implants (custom made) are more
accessible. The application of new technologies allows
reconstructions after more extensive resections of bones
and joints. Unfortunately, the complex spectrum of
technological nuances in implant production also has
a negative effect. Incorrect qualifications due to the
application of custom-made implants is becoming more
common. Surgeons, tempted by the possibility of using
3D printing to create implants capable of reconstructing
any bone detriment, often forget the basic rule of surgi-
cal oncology, i.e. obtaining a radical resection. Preserv-
ing limb functionality, albeit undoubtedly important, is
not the primary goal of treatment.

Planning of a limb-sparing surgical procedure, with
the exception of tumours involving pelvic structures,
requires inclusion of patients’ biological age and per-
spectives on rehabilitation. These procedures, with
a extremly high risk of complications, require significant
engagement of the patient, physician, and physical
therapist in the postoperative period. Without the pa-
tient’s cooperation and without proper rehabilitation,
outcomes of surgical treatment remain unsatisfactory.

Tumour resection with a proper margin usually
requires resection of the nearest joint. This kind of vast
resection is a real challenge to reconstructive surgeons,
especially considering the necessity of obtaining durable
restitution of limb function.

Due to the extensity of resections, patients’ per-
formance status, sarcoma biology, and neoadjuvant
treatment with chemotherapy, surgical treatment of
osteosarcoma and Ewing sarcoma is associated with
an increased risk of failure and significant complica-
tions. Many patients undergoing this treatment require
reoperations, mostly as a result of complications or un-
favourable disease course. The commonest indications
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for subsequent surgical treatment are: periprosthetic
infections; aseptic or septic implant loosening; mechani-
cal damage to the elements of the endoprosthesis; and
local or distal sarcoma recurrences.

As important as the surgical treatment is the ap-
propriate rehabilitation after reconstructive proce-
dures, which supports patients in reaching adequate
performance and functional status. However, functional
outcomes after vast resections and reconstructions in
oncology are generally inferior to those obtained after
reconstructions due to arthritis.

The most important part of bone reconstructive
procedures is precise preoperative planning, which
facilitates avoidance of unplanned events during sur-
gery and allows achievement of optimal reconstructive
outcomes. An elementary condition required for the
reconstruction, besides profound anatomical knowledge
of involved site, is access to appropriate instrumentation,
with a full availability of implants. A sine qua non condi-
tion of a responsibly planned reconstruction is proper
preoperative radiographic imaging that includes plain
radiography, magnetic resonance imaging (MRI), and
computed tomography (CT).

Reflecting the most common localisations of bone
sarcomas, the most common reconstructions involve the
femur, with both its proximal and distal extremities, and
proximal extremities of the tibia and humerus.

The common application of modular prostheses
(post-resection megaprostheses) as a standard in bone
and joint reconstructions after resections of sarcomas
simplified and shortened the duration of reconstructive
procedures. Simplicity of instrumentation and flexibility in

the choice of implant length assure high quality of recon-
structions and improve postoperative functional outcomes.

The introduction of titanium as a basic reconstruct-
ing material, implementation of hydroxyapatite to
hasten endoprosthesis oosteointegration, and modern
modifications of implants, such as addition of positive
silver ions on the surface to lower infection risk in the
post-operative period and during prosthesis osteointe-
gration, all lead to improved quality of reconstructions
and prolonged implant survival without a negative
impact on functional outcomes.

One of the major problems in the treatment of bone
sarcomas in children was growth of the skeletal system
with the patients’ age. Due to extensive postoperative
bone decrement and further growth of the patient, usage
of standard prostheses was limited by the necessity of
subsequent reoperations. Some patients, who underwent
standard prostheses implantation in early childhood, re-
quired several operational revisions with implantations
of larger prostheses until the end of skeletal growth. The
answer to this issue was the introduction of expandable
endoprostheses. After initial technical difficulties, a new
type of expandable endoprosthesis was introduced, with
expansion done through a small transdermal incision
with a dedicated chuck key. Further technological ad-
vancements led to the development of endoprostheses
expanded completely noninvasively [16-18].

Figures 1-9 show examples of bone and joint
reconstructions in the most common localisations of
osteosarcoma, Ewing sarcoma, chondrosarcoma, and
GCTB. Reconstructions in less common localisations,
requiring dedicated endoprostheses, are also presented.

Figure 1. Chondrosarcoma located in the distal extremity of left femur: A. Preoperative imaging; B. Postoperative imaging
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[A]

Figure 2. Extensive chondrosarcoma located in the proximal
extremity of femur: A. Preoperative imaging; B. Picture of
resected specimen; C1, C2, C3. Postoperative imaging

335



ONCOLOGY IN CLINICAL PRACTICE 2018, Vol. 14, No. 6

(4]

Figure 3. Giant-cell tumour of bone (GCTB) located in the proximal extremity of tibia: A. Preoperative imaging; B. Picture of
resected specimen; C1, C2. Postoperative imaging

Figure 4. Osteosarcoma of the ilium: A1, A2. Preoperative imaging
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[A]

Figure 5. Chondroblastoma of the ilium: A. Preoperative
imaging; B. Postoperative imaging

Figure 4. (cont.). Osteosarcoma of the ilium: B1, B2. Picture
of resected specimen; C. Postoperative imaging

Figure 6. Giant-cell tumour of bone (GCTB) of the radius:
A. Preoperative imaging; B. Postoperative imaging
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[A]

Figure 7. Osteosarcoma of the right humerus: A. Preoperative imaging; B. Postoperative imaging

[A]

Figure 8. Ewing sarcoma located in the distal extremity of left humerus: A. Preoperative imaging; B. Picture of resected specimen;
C. Postoperative imaging
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Figure 9. Osteosarcoma of the left humerus: A. Preoperative
imaging; B. Postoperative imaging; C1, C2. Postoperative
imaging
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