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Chapter 11

General Discussion

During recent decades, limb-salvage surgery has replaced amputation as the
treatment of choice for musculoskeletal tumors of the appendicular skeleton and
pelvis' 2 This transition is largely attributable to the advent of effective adjuvant
treatment and concomitant sophistication of imaging and surgical techniques”
34 Simultaneously, five-year survival rates increased from less than 20% before
the 1970s, to approximately 55 to 70% nowadays"“2. The preponderance of limb
salvage surgery and increased patient survival resulted in an increased demand
for durable reconstructions with favorable and predictable clinical results and
functional outcome.

In this thesis, we evaluated the clinical outcomes of various reconstructive
techniques in musculoskeletal tumor surgery. This thesis aimed to assess clinical
outcome interms of complicationsand reconstruction survival rates, and to identify
risk factors for complications and impaired survival. Therewith, we ultimately aim
to improve outcomes for patients with bone tumors. Part | of the thesis focused
on management of pelvic bone tumors, part Il focused on reconstructions of the
appendicular skeleton.

In 2011, Henderson et al proposed a failure mode classification for tumor
endoprostheses, with the aim to facilitate understanding of endoprosthetic
failures and to stimulate uniform reporting®. They classified five different modes of
failure: soft-tissue failure (type 1), aseptic loosening (type 2), structural failure (type
3), infection (type 4) and tumor progression (type 5). Throughout the majority of
the studies in this thesis, we have used this system to classify failures. In addition,
we have attempted to classify complications that did not result in reconstruction
failure. Therewith, we aimed to stimulate more uniform reporting on clinical results,
in order to gain further insight in the outcomes of these complex reconstructions.
Below, we will systematically discuss current concepts, complications and surgical
strategies in management of pelvic (part ) and extremity (part Il) bone tumors.
Additionally, we will propose a number of modifications to the Henderson
classification system, with the aim to furtherimprove registration and comparability
of complication and failure rates.

Part | - Management of Pelvic Bone Tumors
Tumors of innominate bone are some of the most challenging conditions to
treat for orthopaedic oncologists'®'?. Pelvic tumors may present with vague
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abdominal complaints and, because they are located deep in the body, are often
large at the time of diagnosis'. As a result, they are difficult to access surgically
and often demonstrate close proximity to major neurovascular, urinary, and
intestinal and reproductive organ structures. Therefore, it can be challenging to
obtain an adequate resection margin'®. Nevertheless, limb-salvaging internal
hemipelvectomies are nowadays the standard of care for patients with a pelvic
bone tumor, if a clear margin can be achieved?.

Internal hemipelvectomy gained favor over hindquarter amputation because
of obvious cosmetic, psychological and functional advantages® ' '°. According
to Enneking’s classification of pelvic resections'?, a type 1 or type 3 internal
hemipelvectomy (i.e, isolated resection of the ilium or pubis) does not compromise
the anatomic weight-bearing axis and therefore, these resections generally do
not necessitate reconstruction'” '8, However, if the periacetabular bone has to
be resected (type 2 internal hemipelvectomy) and femorosacral continuity is
disrupted, a particular reconstructive challenge arises'.

After atype 2 internal hemipelvectomy, one strategy is to leave the defect alone,
producing a flail hip (“super Girdlestone”)*® 2!, This however results in instability of
the iliofemoral joint and severe shortening of the affected side. Others prefer to
perform an iliofemoral arthrodesis or pseudarthrosis, either to obtain solid fusion
or as primary pseudarthrosis'® ??. These procedures may provide moderate but
durable long-term functional results??. On the other hand, failure to obtain fusion
occurs in up to 50% of primary pseudarthroses, potentially resulting in a painful
reconstruction with poor function'®. Another alternative is transposition of the
hip, a procedure which serves to produce a neo-joint at the level of iliac resection
rather than reconstruct the weight-bearing axis or acetabulum?. Although
transposition of the hip generally results in reasonable and predictable functional
outcome? 22 it may cause significant shortening of the affected limb'®. This
may be corrected during a secondary lengthening procedure; however, these
operations are associated with a significant risk of major complications, especially
in inexperienced hands?.

Other techniques aim to restore the native situation as much as possible.
Allografts, either as a structural pelvic allograft or as part of an allograft-prosthetic
composite reconstruction, have been commonly used'?3°, Acceptable long-term
results have been reported” *, although many surgeons prefer to avoid the use of
allografts because they are considered to be associated with high rates of infection
and mechanical complications, including graft fracture, nonunion of allograft-host
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junctions, and allograft resorption on the long term?® 3", Furthermore, structural
allograft reconstructions are technically demanding as it is often difficult to obtain
an adequate fit between the allograft and host bone®” *. In addition, in some
countries, widespread use of allografts might be restricted by limited availability
and concerns about transmission of infectious diseases®.

Endoprosthetic devices, on the other hand, allow for relatively easy, quick
and durable reconstruction'™. The first endoprosthesis that was commonly used
for reconstruction of pelvic tumor defects was the saddle prosthesis'”** 3. This
implant requires the surgeon to create a notch in the remnant iliac wing, to match
the curved shape of the saddle prosthesis®. The saddle prosthesis lacks modularity
and may require additional resection of the iliac wing to be implanted®”%,

Variousauthors considerstemmedimplants the state of the artfor periacetabular
reconstruction®#. Others prefer to use custom-made or hemipelvic prostheses*“4,
Although comparative studies between stemmed and hemipelvic implants are
lacking, hemipelvic implants have a number of inherent disadvantages. Most
importantly, they lack the possibility of intraoperative adjustment. This may cause
problems when greater resection is needed than was anticipated preoperatively®.
In addition, custom-made implants may cause delay in treatment and are costly
to manufacture®®*’.

Although recent developments have greatly increased the possibilities
and clinical outcome after treatment for pelvic bone sarcoma, these large
reconstructions are still fraught with complications.

1.1 Soft-tissue failure and instability

Resections of pelvic bone tumors often require extensive surgical approaches,
and frequently leave large dead spaces and poorly vascularized soft-tissue flaps,
resulting in a substantial risk of wound dehiscence and deep infection'“¥%° The
true incidence of wound dehiscence is however uncertain because many authors
fail to mention superficial wound problems?!**1 Apart from the risk of wound
problems and deep infection, the extensive soft tissue resections also lead to poor
muscular support around the neo-joint, and thus contribute to the high risk of
prosthetic dislocation, especially for saddle prostheses* 0. In our retrospective
study on periacetabular reconstruction with the (monobloc) pedestal cup
endoprosthesis, we found that 16% of patients had experienced recurrent
dislocations during follow-up™.
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A number of factors should be considered. During pelvic resection, patients
are positioned in the lateral decubitus position, allowing them to be rotated to
nearly prone or supine positions. As a result, during reconstruction, it can be
hard for the surgeon to adequately assess how the implant should be inserted.
It was hypothesized that modularity of the implant would resolve part of these
difficulties, because it would allow for adjustment of acetabular cup orientation
- even after the stem has been implanted. With the LUMIC prosthesis, modularity
was introduced in the field of pelvic reconstruction. In our study on the short-
term clinical results of LUMIC endoprosthetic reconstructions, we found that
recurrent dislocations occurred in four out of 47 patients (9%), one of whom had
a first dislocation after resection of an extensive recurrence®. Although results are
difficult to compare because of inherent heterogeneity in terms of the extent of
resection and surgical approach, modularity in our experience made it easier to
adequately position the cup. Cup position has been reported as an important
factor for prosthetic dislocation risk, functional outcome and polyethylene wear in
studies on total hip arthroplasty>**,

Additional factors may help to further improve cup positioning in pelvic
tumor reconstructions. First, computer-assisted surgical techniques can be
used for adequate intraoperative visualization of prosthetic orientation. Second,
modification of prosthetic design may allow for further intraoperative adjustment:
although the acetabular cup can be rotated with reference to the stem, the
acetabular cup-stem angle is fixed in the LUMiC. The exact influence of acetabular
cup positioning on outcome of pelvic reconstructions should be determined in
future studies.

In an attempt to further reduce the risk of dislocation, the possibility of dual-
mobility articulation was introduced for the LUMIC prosthesis. Previously, it was
reported that dual-mobility cups can be effective in treatment of recurrent
instability in total hip replacements or instability encountered during hip revision
arthroplasty®*. Interposition of a mobile polyethylene component increases the
effective head diameter and allows greater movement of the femoral head before
subluxating or dislocating® *¢, Indeed, we found that the risk of dislocation was
significantly lower in reconstructions with a dual-mobility cup, as compared
with conventional acetabular cups. We are of the opinion that any internal
hemipelvectomy for a primary tumor should be reconstructed with a dual-mobility
cup to reduce the risk of dislocation.
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1.2 Aseptic loosening

Aseptic loosening is one of the major modes of failure for endoprosthetic
reconstructions in orthopaedic oncology, especially for reconstructions around
the knee®* The high risk of loosening for knee replacements has been ascribed
to several factors, including the torque acting on the stem-bone interfaces>* .
As opposed to knee replacements, reconstructions of polyaxial joints allow for a
certain degree of movement between prosthetic parts and therefore, less torque
acts on these stem-bone interfaces. Irrespective of the limited torque acting on
pelvic implants, we found that three of 19 patients (16%) had aseptic loosening
of their uncemented porous-coated pedestal cup endoprosthesis'®. Although
the reported incidence of loosening is closely correlated with duration of follow-
up, and results are therefore difficult to compare, previous authors reported
comparable rates of loosening for saddle (12%) and hemipelvic prostheses (16%)'”
®1. Factors that contribute to the risk of loosening of pelvic implants include the
high mechanical stresses as a result of great resection length and extensive soft
tissue dissection. Moreover, because of the flat morphology of the ilium, there is
limited initial contact between the implant and cortical bone.

In keeping with results reported for reconstructions of the appendicular
skeleton, it was hypothesized that hydroxyapatite (HA) coating of the iliac stem
would stimulate bony ongrowth and thus reduce the risk of loosening®. In our
study on reconstructions with the LUMIC prosthesis, we found that two patients
with uncemented HA-coated iliac stem (2/45, 4%) experienced loosening. Further
analysis showed that both patients had inadequate primary fixation of the stem
(one due to an intraoperative fracture, one due to fixation in a previous structural
allograft), while primary stability is a prerequisite for ingrowth of HA-coated
implants®. An alternative modern pelvic implant, the “ice-cream cone prosthesis”
(Stanmore Implants Worldwide, United Kingdom), relies on a combination of HA-
coating and bone cement for stem fixation**. Cement may be useful to obtain
adequate primary stability and thus allow for bony ingrowth in the HA-coating.
On the other hand, cement fragmentation and foreign body reaction to wear
debris may result in late periprosthetic osteolysis and loosening®. Excellent
results have been reported for tumor implants with hybrid fixation, although the
number of patients included and follow-up were limited in the studies on pelvic
reconstructions®* ¢,

Other advantages of cementing are that it allows for immediate weight-
bearing, especially in case of extensive bony destruction, and the possibility to add
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local antibiotics. Therefore, cemented implants may be preferable for patients with
radiotherapy or those at high risk of developing postoperative deep infection®. We
prefer uncemented fixation with HA-coated stems for patients with a reasonable
prognosis and sufficient bone quality, mainly because these implants are at a
lower risk of loosening once bony ongrowth has taken place®®®,

1.3 Structural failure

Structural failure is common for pelvic allograft reconstruction, either due to
primary fracture or due to graft resorption’ 7°. Saddle prostheses also frequently
fail due to structural complications, including prosthetic dissociation and fractures
of the remnant ilium3®, With modern endoprosthetic production quality and
design, implant fractures are rare; no structural implant failures were reported in
recent studies on the pedestal cup, LUMIC and ice-cream cone endoprostheses'™
3940 Periprosthetic iliac fractures, however, still occur. Two types of iliac fractures
should be distinguished. First, intraoperative crack fractures, which cause minimal
displacement and generally heal without major interventions'® . Obvious risk
factors for intraoperative fractures include the use of uncemented press-fit iliac
stems, poor bone quality, and revision procedures; in these cases, extra caution
is warranted’". And second, postoperative fractures of the iliac wing. The saddle
prosthesis has been associated with a substantial risk of fracture of the remnant
iliac wing, in addition to the risk of cranial migration of the saddle component (up
to 7%)"72234%7273 A possible explanation for these structural failures lies in the fact
that the saddle prosthesis anchors laterally from the natural femorosacral weight-
bearing axis, where the anteroposterior dimension of the ilium is limited and the
iliac cortices are thin; therefore, adequate supportive bone stockis lacking'”34 33874
5. Consequently, more cranial migration has been reported when larger resection
of the iliac wing is required'” *. Cranial migration of the implant in turn causes
limb length discrepancy and recurrent dislocations, compromising function of the
affected side*. Moreover, the eccentric position of the artificial hip center allows
only limited range of motion’®. Several more modern implants, including the Mark
Il saddle (Link, Hamburg, Germany) and the PAR prosthesis (Stryker Howmedica,
NJ, USA), still have these unfavorable features® 72,

Conversely, so-called “stemmed acetabular” or “inverted ice-cream cone”
prostheses anchor in the medial ilium, adjacent to the sacroiliac joint'® 3% There,
a thick bar of bone extends from the sacroiliac joint down to the acetabulum,
along the natural weight-bearing axis. This allows the implant to be seated well
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between the anterior and posterior cortices'®’* 77 In a number of these stemmed
implants, the stem is tapered, which causes the implant to anchor itself as a result
of axial loading along the weight-bearing axis'®“. Theoretically, this type of fixation
should not only reduce the risk of iliac fractures and cranial migration, but also of
aseptic loosening®.

It is for these reasons that additively manufactured (3D-printed) pelvic
prostheses, in our opinion, should be met with caution. Although these hemipelvic
implants are superior for restoring iliac crest anatomy, they typically lack adequate
fixation in the weight-bearing axis. Mechanical complications, including loosening,
cranial migration and component breakage, can therefore be expected; in that
regard, custom hemipelvic implants are much like hemipelvic allografts.

1.4 Infection

Pelvic tumor resections are notorious for the high risk of postoperative infection
(18-32%)), irrespective of the reconstructive technique used' 30757679 Deep
infections can be devastating, necessitating multiple surgical debridements,
removal of implants or even - although rarely — hindgquarter amputation'. The
high risk of infection can be attributed to the length and complexity of the
surgical procedure, creating a large dead space and leaving large soft tissue
defects, and the immunocompromised status of patients, due to co-treatment
with chemotherapy®® &€ A validated deep infection risk score for endoprosthetic
reconstructions is currently lacking, and should be developed in future research
to allow surgeons to better identify patients at risk for developing surgical site
infection. Given the influence of operative time on the risk of infection, we feel
that further centralization of care for patients with pelvic bone tumors should be
considered.

Numerous precautions have been taken in an attempt to reduce the rate of
infection, including the administration of prophylactic antibiotics — which are
given for a duration of up to five days postoperatively®. To date, solid evidence
to support the use of a specific antibiotic protocol is lacking. Currently, there is an
international randomized controlled study (the PARITY trial) ongoing to determine
the optimal antibiotic regimen (one or five days) following endoprosthetic
reconstruction for bone tumor resection®,

Other strategies to reduce the risk of deep infection focus on implant surface
modifications to minimize adhesion of bacteria, inhibit the formation of a biofilm,
and provide bactericidal action®. In recent years, silver coating of endoprostheses
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has been one of the most discussed techniques®¥®. Silver coating of various
medical materials, such as cardiac and urinary catheters, previously proved to
reduce the risk of infection®. Studies demonstrated that silver coating of MUTARS
endoprostheses (implantcast, Buxtehude, Germany) effectively reduced the risk
of infection in a rabbit model, and that the use of silver coating is free of side-
effects® . Furthermore, two retrospective clinical studies showed that silver
coating may increase the likelihood of successful revision surgery in case of
endoprosthetic infection, and of being able to retain an implant in case it gets
infected®” %, It should be noted, however, that the number of patients included in
these studies were limited, while other studies were not able to detect a significant
difference® 8, Furthermore, comparative studies between coated and uncoated
implants are lacking and thus, there is currently no solid evidence to support the
idea that silver coating reduces the risk of infection of primary endoprosthetic
reconstructions for bone tumors. One may therefore question whether coated
implants should be used routinely. A cost-benefit analysis will have to be conducted
to answer this question.

More recently, researchers from Japan reported excellent results for iodine
coating of titanium endoprostheses for preventing and treating periprosthetic
infection® %, Future studies are needed to assess the beneficial effect and potential
complications of the use of different coatings in endoprosthetic reconstructions®.
This should include analysis of a potential effect on implant fixation. Meanwhile,
patients with coated implants should be followed on a regular basis and surgeons
should be alert for side effects, such as clinical evidence of argyria in patients with
silver coated implants®.

The use of myocutaneous flaps, to cover implants with well-vascularized soft
tissue and to eliminate dead space, also gained attention during recent years. Some
centers use a rectus abdominis myocutaneous flap as a standard of treatment for
patients with a pelvic reconstruction® ?'. These techniques however necessitate
large contralateral dissection, usually take long and often require extensive blood
transfusion'. Regardless of the use of such extensive flaps, the risk of wound
problems remained high in a study on pelvic reconstructions®. In addition, the
use of extensive flaps undermines the integrity of the abdominal wall and has
a risk of herniation®. Therefore, we are of the opinion that surgeons should be
hesitant to perform a myocutaneous flap rotation during the primary procedure
in treatment of pelvic tumors. Omentoplasty is an alternative technique that may
be used to cover pelvic reconstructions, although there are currently no studies to
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support the idea that this reduces the risk of deep infection. It has, however, been
shown that omentoplasty can be used to successfully fill a large cavity and cover
an infected structure (bronchopleural fistula)®.

Filling the dead space with large amounts of antibiotic-loaded bone cement
is another technique to reduce the risk of deep infection®*. On the other hand,
the exothermic reaction of polymethylmethacrylate (PMMA) bone cement
may cause further damage to surrounding soft tissues®. Furthermore, multi-
resistant microorganisms may evolve. Alternatives for delivering large amounts
of antibiotics locally include Garacol® (EUSA Pharma, Hemel Hampstead, United
Kingdom) and Septopal® (Zimmer Biomet, Warsaw, IN, United States), although
there is no evidence to support the use of these agents in large tumor defects.
Future research should be directed at developing and evaluating the efficacy of
bactericidal materials that can be used to fill the dead space after tumor resection.

Part Il: Management of Extremity Bone Tumors

Primary bone tumors of the appendicular skeleton most commonly affect the
epimetaphyseal regions of the distal femur, proximal tibia, proximal humerus and
proximal femur®?. Many studies therefore focused on reconstructions of the knee,
hip, and shoulder. Three techniques can be used to reconstruct a functional joint
following articular tumor resection: transplantation of an osteoarticular allograft,
implantation of an endoprosthesis, or a combination of the two (allograft-
prosthetic composite, APC)”'®. Although these techniques have greatly improved
possibilities and functional outcomes for sarcoma patients, joint replacements
for bone tumors are still associated with relatively high complication and
revision rates”. Intercalary reconstructions salvage the native joint, lack moving
components, are easier to perform, and are generally associated with a lower risk
of late mechanical failure® " Therefore, we prefer these joint-sparing resections
whenever oncologically safe. In an attempt to further improve mechanical results
of intercalary reconstructions, our center pioneered with hemicortical resection of
tumors with limited cortical and intramedullary involvement'®,

Below, complications and failure modes of different biological and
endoprosthetic  techniques will be discussed, based on the Henderson
classification®. Furthermore, comments will be made on controversies in surgical
strategies for reconstructions after lower-extremity bone tumor resection.
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2.1 Soft-tissue failure

Two types of soft-tissue failures can be distinguished: either related to function
("limited function owing to insufficient musculo-ligamentous attachment”), or
related to coverage (aseptic wound dehiscence). Few studies explicitly mentioned
soft tissue problems as a cause of failure for reconstructions of the extremities,
presumably because most soft-tissue complications ultimately either result in
infection, or can be managed with a skin graft or myocutaneous flap.

Adequate soft-tissues are of essential importance for optimal functioning
of reconstructions of polyaxial joints; a lack of support results in subluxation or
recurrent dislocation'®. It is, however, difficult to assess the influence of the extent
of soft tissue resection on functional outcome of intercalary reconstructions or
knee replacements. On the other hand, we know that muscular support reduces
the loads on the adjacent joint'®, and extensive soft tissue resection therefore may
result in an increased risk of mechanical failure'®. The TLEMsafe project, which is
currently ongoing, aims to combine a computerized model of the musculoskeletal
system and innovative imaging techniques to predict functional effects of a
specific resection'®. Although this model is not able to account for compensatory
function of salvaged muscles and it may be questioned whether such a prediction
would actually affect clinical practice, it would be interesting to use such models
to calculate mechanical stresses on implants, to predict mechanical failure and,
ultimately, to manufacture implants that are optimized to withstand the relevant
mechanical stresses.

Loss of extensor mechanism function is a particular concern after tumor
resectionsaround the knee'®. Osteoarticularallografts have a theoretical advantage
over endoprostheses because they offer the possibility to reconstruct the extensor
mechanism and may thus result in a less severe extension lag'”'%. On the other
hand, synthetic materials may be used to reconstruct the extensor mechanism
when using an endoprosthesis. Early synthetic (Terylene) ligaments were abrasive
to local tissues and eventually ruptured'®. Modern synthetic materials, such as
the MUTARS trevira tube® and LARS tube''® (LARS, Arc-Sur-Tille, France), however
demonstrated satisfactory results in the first clinical studies® "% """ Future studies
will have to show whether there is a difference in outcomes between biological
and modern synthetic materials for reconstructions of the extensor mechanism.
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2.2 Aseptic loosening and graft-host nonunion

As discussed in paragraph 1.2, endoprostheses around the knee were notorious for
the risk of aseptic loosening. With the introduction of hydroxyapatite (HA) coating
for uncemented implants and HA collars for cemented implants, the risk of failure
due to aseptic loosening decreased from 25-40% to approximately 5% at 10 years
follow-up for primary implants® % The risk of loosening has been ascribed to a
number of factors, including the torque acting on the stems>*°. Endoprostheses of
the knee originally had a fixed hinge without rotational freedom, which resulted in
excessive stress transfer at the implant-bone or cement-bone interface''2. Modern
hinges allow for a certain degree of axial rotation, thereby theoretically reducing
mechanical stress at the interface and thus lowering the risk of loosening. Clinical
studies that compared outcomes of fixed and rotating hinges concluded that
rotating hinges appeared to reduce the risk of loosening® %, although results
may have been biased by concomitant modifications in endoprosthetic design
(including the introduction of HA coating and collars) and increasing surgical
experience.

Whereas the incidence of type 2 failure of endoprostheses has greatly been
reduced during recent decades, graft-host nonunion is still among the main
complications for allograft reconstructions. Even though the risk of reconstruction
failure is limited (5-7%), up to 40% of patients require operative intervention to
facilitate union®* . We demonstrated that plate fixation and cortical contact at
the junction are important prognostic factors in union of allograft-host junctions.
Although the number of patients included in our study on allograft-host junctions
was limited, we found that all junctions with plate fixation and radiographic
cortical continuity on the first postoperative radiograph united without further
surgical intervention. These results shine new light on the dilemma whether to
use an allograft or a vascularized fibular graft (VFG) for reconstruction of intercalary
defects.

The superior biological potential of VFGs is one of the reasons why some
surgeons prefer to use a VFG''™*. However, if the risk of nonunion of allograft-host
junctions can be eliminated, there presumably is no advantage of using a VFG over
an allograft for defects with a length of less than eight to 10 centimeters. A virtual
bone bank system and computer-assisted surgery may prove useful to obtain
superior fit between host bone and the allograft' '"®. For larger defects, VFGs
may be preferable because of the increased risk of complications in large allograft
reconstructions''®. Reconstruction length was not associated with complication
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rates in one study on VFGs''%. Nevertheless, initial stability is an important concern
in VFG reconstructions, especially when reconstructing large defects in heavy
adults. VFGs however have the potential of hypertrophic growth; although patients
will have to accept a long period of partial weight-bearing, gradual increase in
weight-bearing may result in a durable construct of living bone. Interposition
of a joint-sparing implant is another promising technique for reconstruction of
intercalary long-bone defects, and allows for early weight-bearing'”. Modern
additive manufacturing techniques may be used to produce patient-specific joint-
sparing implants with optimal three-dimensional fit. Future comparative studies
are needed to definitively determine what is the best technique for reconstruction
of (large) intercalary defects.

2.3 Structural failure

For endoprostheses, structural complications can be divided into (1) implant
breakage or wear, and (2) periprosthetic osseous fractures. Breakage of stems is
rare, occurring in approximately 2% of knee endoprostheses®” '8 Obvious risk
factors for stem fractures include greater resection length and the use of small-
diameter stems®® "8, Failure of the polyethylene and PEEK-OPTIMA (Invibio Ltd,
Thornton-Cleveleys, United Kingdom) locking mechanisms has been a particular
concern for the MUTARS system'®. With the introduction of a metal-on-metal
locking mechanism, the risk of structural failure has been eradicated. In vitro
studies and close follow-up of patients are indicated to assess the amount of wear
debris released, the risk of adverse reactions, and thus the long-term safety of
these locking mechanisms.

Periprosthetic fractures can be divided into intraoperative crack fractures
without displacement and ‘true’ (or late) periprosthetic fractures. The occurrence
of intraoperative crack fractures is associated with the use of uncemented press-fit
stems'?. As they generally require little or no further surgical treatment and mostly
heal uneventfully®® 2!, we do not consider this a contraindication for the use of
uncemented stems. Management of late periprosthetic fractures, on the other
hand, is problematic, but their incidence is low®. These fractures are presumably
associated with periprosthetic osteolysis (bone resorption) and aseptic loosening
of implants'?. The occurrence of resorption has been ascribed to stress shielding;
if osseointegration of the stem occurs over a longer trajectory, stresses in the outer
cortex are reduced, and resorption may occur®. To reduce the low-stress region
in the outer cortex, Blunn et al suggested that the region of HA-coating should
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be reduced to one-third of the stem length. MUTARS stems are coated for more
than one third. Although resorption of the outer cortex is often evident following
uncemented fixation, particularly in the zone nearest to the reconstructed joint,
we did not observe this as a reason for implant failure in our long-term follow-up
study®®. This supports our idea that this process stabilizes over time, and therefore,
the clinical relevance of the phenomenon remains unclear.

For biological reconstructions, structural complications can be divided into (1)
osteosynthesis material breakage leading to construct instability, and (2) fractures
through the graft. The most common cause of osteosynthesis material breakage is
metal fatigue. The occurrence of fatigue fractures is likely associated with diastasis
at the osteotomy junction and delayed or nonunion; repetitive mechanical
stresses on the osteosynthesis materials will eventually lead to failure. Fractures
are a serious complication of segmental allograft reconstructions, occurring in
16-29% of patients® '°" 113125 |ts treatment is problematic because the fracture
site is generally composed of non-vascular bone tissue. Several techniques have
been described for treatment of allograft fractures, including the addition of a
vascularized fibular graft or new allograft at the fracture site, or the application
of recombinant bone morphogenetic protein-2'*1%, The chance of successful
healing is limited and most surgeons therefore prefer to revise the entire allograft.
Vascularized grafts offer an obvious advantage over allografts in this regard.

2.4 Infection

Strategies to reduce the risk of infection after endoprosthetic reconstruction are
discussed in paragraph 1.4; most of these also apply to reconstructions in the
appendicular skeleton. The overall rate of deep infection after endoprosthetic
or allograft reconstruction for extremity bone tumors is approximately 10%°% %/,
Reconstructions of the proximal tibia are associated with a higher rate of infection
(Uup to 36% in early series on endoprostheses)'”. Some surgeons started to
routinely perform a gastrocnemius muscle flap rotation, and reported that the risk
of infection had reduced to 12% by doing so'®. Later studies demonstrated that
the effect was less profound than was initially believed®. Moreover, dissection of
the medial gastrocnemius muscle may impair functional outcome. We therefore
prefer to perform a gastrocnemius muscle flap only in high-risk cases, when soft-
tissue coverage is poor. Further follow-up will have to prove if this approach is
equally effective.
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General conclusions
During recent decades, there has been a tremendous improvement in treatment
possibilities for bone tumors of the pelvis and extremities. Nevertheless, functional
outcomes vary greatly between patients, in part owing to the frequent occurrence
of complications. We therefore set out to assess complications of various
reconstructive techniques and to identify risk factors for those complications, with
the ultimate aim to improve outcomes for patients with musculoskeletal tumors.
Treatment of pelvic bone tumors is associated with a high risk of complications,
regardless of the reconstructive technique used. The design principle of modern
stemmed acetabular implants for reconstruction after periacetabular resections
is comparable to those of decades ago. However, due to improvements in
production processes and modifications in implant design, including the
introduction of modularity, coatings, and dual-mobility articulation, their reliability
and durability has improved dramatically. At present, they can be used for the vast
majority of pelvic tumor reconstructions and the reconstruction itself has become
less technically demanding. The main issues that remain to be solved are the
high risk of instability and infection, and it appears that the occurrence of these
complications is closely tied to the extent of surgery. Future research should be
directed at prevention and adequate treatment of these complications.
Fortunately, complications are less frequent in treatment of extremity bone
tumors. During the early years of limb-salvage surgery, allografts were the preferred
method of reconstruction in many large European sarcoma centers. As with any
surgical procedure, the outcome is dependent on the right indication. It however
appears that this especially holds true for allografts: they offer a reliable, durable
and elegant option when they are being used for meticulous reconstruction of
defects of limited size in younger patients. On the other hand, when they are
being used for reconstruction of extensive osseous defects in older patients with
poor healing potential and their fitting is suboptimal, the risk of complications
is extremely high and the reconstruction is likely to fail. During the last few
decades, endoprostheses have largely replaced allografts as the technique of
choice for reconstruction of extremity bone tumor defects. Again, improvements
in production and design of these implants have caused an enormous increase
in reliability and long-term stability. The challenge for the orthopaedic oncologist
is to choose the right technique for the specific patient and tumor type. Apart
from introducing new techniques, it is extremely important to be aware of risk
factors for complications of existing techniques. In the end, the outcome of any
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surgical procedure is dependent on the right indication and a precise technique
of execution.

General considerations

The vast majority of clinical articles in orthopaedic journals are single center
observational case series on a surgical technique'?, leading to a substantial risk
of selection bias and heterogeneity. A systematic review demonstrated that 92%
of studies published on surgical management of lower extremity bone tumors
are level IV or V studies'”. The overall quality of reporting is generally poor, and
studies are therefore prone to confounding bias, sampling bias and recall bias'*.
Furthermore, studies on surgical techniques often report single-center results
from a highly specialized center — commonly one that was involved in the
development of the technique — and thus may overestimate clinical outcome.
Reasons for the lack of higher level of evidence studies include the rareness of
diseases, heterogeneity in presentation and surgical approaches, loss of follow-
up due to patient mortality, and ethical considerations. International cooperation
is key to obtaining sufficient patient numbers, although differences in expertise,
treatment protocols and surgeon preferences may introduce other types of bias. In
that regard, it is essential that uniform definitions are employed and that standard
reporting guidelines, such as the STROBE statement, are applied as much as
possible'°,

The classification of failure modes as described by Henderson et al was one of
the first widely supported classification systems that aimed to stimulate uniform
reporting’. Although the authors must be applauded for their initiative, there are
a number of flaws in the classification. First, the system only classifies failures, not
complications. As a result, isolated revision of the bushing is counted as a failure
— while many authors consider this routine maintenance®”*8. On the other hand,
servicing procedures result in secondary deep infection in approximately 5% of
cases®® and we therefore encourage striving for an implant system that is free of
the need of maintenance. Second, to distinguish early from late infections, the
Henderson classification system uses a cutoff point of two years forendoprostheses,
and six months for biological reconstructions. Rather than the time from primary
surgery to the onset of symptoms, a classification system should distinguish
infections with an acute onset from delayed or chronic infections; this dictates
the treatment strategy and the probability of being able to retain the implant**
131 Third, the Henderson classification did not include massive bone resorption
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around endoprostheses, nor resorption of grafts, while this is an important issue
in larger biological reconstructions®™ '%. Fourth, the classification system did
not distinguish breakage of implants from breakage of supportive hardware
(i.e, a supportive screw), while the clinical implications of the two are materially
different. We present a modified version of the Henderson classification (tables
1 and 2), aiming to further improve reporting of complications and failures and
comparability of different surgical strategies and reconstructive techniques. Future
collaborative studies are indicated to optimize the classification system based on
factors that are relevant for clinical outcome.

Careful evaluation of functional outcome, not just complications and failures,
should be included in future studies to offer further insight in clinical outcome
of various reconstructive techniques. Currently, two systems are widely accepted
for assessment of functional outcome. The MSTS (MusculoSkeletal Tumor Society)
score was developed in the 1980s and is currently the most commonly used'”.
The system is a physician-reported outcome that assigns numerical values (0-5) for
six domains, producing an overall numerical score that can be used to calculate
a percentage rating. The TESS (Toronto Extremity Salvage Score), on the other
hand, is a patient-reported questionnaire that was developed in the 1990s'*. The
TESS questionnaire assigns numerical values (1-5) for 30 activities of daily living.
Although the questionnaires demonstrate reasonable agreement, the subjective
satisfaction and acceptance of physical impairment are generally higher than the
objective score'*. In addition, we are of the opinion that the scoring systems offer
little discriminative value. Data of large cohort studies should be used to develop
a novel, easy-to-use system for assessment of functional outcome. A recent study
concluded that the vast majority of functional improvement can be expected
during the first two years after surgery, suggesting that long-term follow-up
studies are not necessarily needed to assess functional outcome',

Apart from evaluating functional outcomes, we are of the opinion that
innovative surgical techniques should be introduced in a regulated manner,
ensuring the safety and effectiveness of novel techniques. The IDEAL consortium
proposed a five-stage model that was based on the phased approach for drug
development®®. It should be taken into account, however, that well-regulated
introduction of novel treatment strategies and implants in orthopaedic oncology
is complicated. Because of the rarity of disease, combined with the heterogeneity
in localizations, disease extent, use of co-treatments, and patient characteristics, it
is extremely difficult to adequately compare the outcomes of different techniques.

225




Chapter 11

To some extent, however, roentgen stereophotogrammetric analysis (RSA) may be
used to compare implants'®”. This technique is able to accurately measure three-
dimensional implant migration (up to 0.Tmm for translations and 0.1 degree for
rotations). RSA has been shown to have early predictive properties for implant
failure, and may be used in the process of adequate phased introduction of new
implants'’.

Although there have been tremendous improvements over the years,
challenges remain in effective treatment of musculoskeletal tumors and in
optimization of reconstructive techniques. Again, (inter-)national collaborative
studies are needed, aiming for a golden era of cancer therapy, when, in the words
of Gordon-Taylor, “gross mechanical destruction of disease and cruel mutilation of
tissue shall be no more”'*,

226



General discussion

UOoUR1a1 1ue|dul Yum paleall 9soyl buipn|oul ‘suoidajul dasp ||V ¢

UOIIUSAIRIUI-3) [eD16INS P3U 10U PIP OYM 350U} OS|e ‘U0edIIdWOoD aY1 AQ PR1daye 1am oym syualied Jo Jaquinu [e10} 3yl 1oday ,

suoned|dwod (uondiosai

2U0Q) 3¢ puUe (13Ul Jo Jaul| Jo Jeam) g¢ 2dA1 Joj A|dde Jou s20( 'syIuow uj ‘uoiedlduod ay3 4o sisoubelp 03 A19Bins woly (9Buel pue) sl uelpaUl ay1 1oday |

Jowny Jo uolssalbold Jo aduaLNddY
2inpao0.d A1epuodas Ise YoM 9>
uonelue|dul] Jaye syoam 9<
uonejue|dul] Jaye syoam 9>

uondiosal suoq diayisoiduad aaIsse|y
1495U1 10 J3Ul| JO JBIA

MB35 10 JaUl| Jo abexealg
wisiueydaw Bupdo| Jo wais Jo abeyealg

2uog diayisoiduad Jo ainioel
UOI1D3ul JO 92US5qR B3 Ul Buluasoo|

4O subis [ed1ulpd 4o diydesbolpey
SISOID3U [edyadns

pue 92Ua2sIyap punom dndase
Buipnppul ‘swajgold punom [eidysadng
(uononpai

uado IO PISOPD Y1M Pa1eai] SUOIeIOSIP

uoyssalboid

asdea) Jowny [ed07 ' Jown] ‘g adA|
91Nde AIBpuU0d3S DYy
JlUoIYD 10 2187 "gh
21NV Vi

uondiosal auog ‘I¢
Jesp\'de

Jeam 1o abesjealq
alempiey buiioddng e

abexealq
dlempley [eIN1dNIIS ‘ge

LUoNdaju| 'y 2dAL  [eDIUBYDIW-UON

ain|iey

aun1oey) dnayisolduad e [eINONAS i€ 9dAL
Buuasoo|

V/N ondasy iz adAL

2beIan0) ‘g

Buipn|oul) sUoOIIEd0|SIP 10 AlljIgeISU| [BUORDUNS W/ | aNssI} Yos 1| 9dA| [EDIUBYDIN
JnNsale  UOIUIAIDIUI
se paAoWwal  -3aie buipasu  pardaye
syuejdwil syjuaned  syusaned sisoubeip
J0 'ON J0 'ON J0 'ON Jo awi] uondudsaqg adAigns adAL Ki106318D)

"AB0j0DUO DIpaedOYIIO Ul SUOIIDNIISUODI D13941s01dOpuUS J04 SUOIed||dwod JO UoedUIsseD *| d|qeL

227



Chapter 11

UONUSIRI Jelb Ylm paieasl 950yl Buipnipul ‘suondajul dasp |1y ¢
UONUSAIRIUI-4 [B21BINS PA3U 10U PIP OYM 350U Os[e ‘Uoliedl|dwiod 3yl Aq paidaye a1am oym siuafied Jo Jagquinu (2101 ay3 1oday ,
(uolunuou) uonedljdwod g adAy e Joy Aldde 10u a0 "syuow uj ‘uolied)dwod ayl Jo sisoubelp 01 A1961ns woly (9buel pue) S Uelpaw ay3 1oday |

Jowiny Jo uolissalboid 1o adualnday
2inpa20id A1epuodas Ialje sy9em 9>
uonelue|dul I9)e $Y9aM 9<
uopeyue|dull J91Je SY99M 9>

1jeib ay1 Jo uondiosal

3AISSeW JO ‘elb 3y Jo asdejjod
[eLI1BW SIS9UIUASOR150 JO abeyeaIg
uonounfisoy-yelb

ybnoiy1 ain1dely Jo 1eib jo ainioeld
K196.ns 1914 Jeak suo uopounf

341 1B S221140D 93141 U AUNUIUOD
JO32€| Y1 Se pauyap ‘uonoun(soy
-yyeJbojje ayy Jo uolunuou diydony
A12bins Jaye Jeak suo uondun( oyl
1€ 5911402 33143 Ul AUNUIIUOD JO e
29U Se pauyap ‘uondun(isoy-yeiboje
3U3 4o uolunuou d1ydosnadAH
SIS010aU [epyadns pue

92UadsIysp punom didase buipnpul
‘sua|gold punom [epysadng
(uononpais uado

10 P3SO|D Y1im paieail SUonedo|sip

asdejas Jowny 8207 °§
2128 A1epu03s i
SlUoIYd 10 3187 ‘g
SNV Vi

uondiosal aAIssew
10 9sde||0d e D¢

abexeaiq a1empleH ‘ge

aIn1oel e

dlydony 'ge

o1ydouadAH vz

abeIano) ‘gl

uolssalboid
Jown| 'g adA|

LUOIDRJU| H 9dA]  [edIURYIDW-UON

aIn|ie} [eIn1dNS ¢ 9dA|

UOIUNUON iz 9dA|

Buipnaul) SUOREIO|SIP 4O AjIGRISU| |euonduUNS Y | aNss oS | adAL [ERIVEVRETY]
jnsas e UOIJUSAIRIUL  ,PIDdye
sepaAowal  -alebuipsau  swusned  sisoubelp
syeib jooN sjuaned jo 'oN J0 'ON Jo awi) uondudsaqg adAigns adA| Ki106318D)

ABojoduo dipsedoyiio ul (yeiboine ‘yeiboj|e) suondNIIsU0Ial [ed1H0[0Iq J0) SUOeDIIdUO0D JO UoIedyIsse|) 'z d]qel

228



General discussion

References

Enneking WF. An abbreviated history of orthopaedic oncology in North America. Clinical orthopaedics
and related research. 2000 May(374):115-24. Epub 2000/05/20.

Grimer RJ, Chandrasekar CR, Carter SR, Abudu A, Tillman RM, Jeys L. Hindquarter amputation: is it
still needed and what are the outcomes? The bone & joint journal. 2013 Jan;95-b(1):127-31. Epub
2013/01/12.

Link MP, Goorin AM, Miser AW, Green AA, Pratt CB, Belasco JB, et al. The effect of adjuvant chemotherapy
on relapse-free survival in patients with osteosarcoma of the extremity. The New England journal of
medicine. 1986 Jun 19;314(25):1600-6. Epub 1986/06/19.

Nesbit ME, Jr, Gehan EA, Burgert EO, Jr, Vietti TJ, Cangir A, Tefft M, et al. Multimodal therapy for the
management of primary, nonmetastatic Ewing's sarcoma of bone: a long-term follow-up of the First
Intergroup study. Journal of clinical oncology : official journal of the American Society of Clinical
Oncology. 1990 Oct;8(10):1664-74. Epub 1990/10/01.

Bielack SS, Kempf-Bielack B, Delling G, Exner GU, Flege S, Helmke K, et al. Prognostic factors in high-
grade osteosarcoma of the extremities or trunk: an analysis of 1,702 patients treated on neoadjuvant
cooperative osteosarcoma study group protocols. Journal of clinical oncology : official journal of the
American Society of Clinical Oncology. 2002 Feb 1;20(3):776-90. Epub 2002/02/01.

Bernstein M, Kovar H, Paulussen M, Randall RL, Schuck A, Teot LA, et al. Ewing’s sarcoma family of
tumors: current management. The oncologist. 2006 May;11(5):503-19. Epub 2006/05/25.

Rosen G. Preoperative (neoadjuvant) chemotherapy for osteogenic sarcoma: a ten year experience.
Orthopedics. 1985 May;8(5):659-64. Epub 1985/05/01.

Bacci G, Picci P, Pignatti G, De Cristofaro R, Dallari D, Avella M, et al. Neoadjuvant chemotherapy for
nonmetastatic osteosarcoma of the extremities. Clinical orthopaedics and related research. 1991
Sep(270):87-98. Epub 1991/09/01.

Henderson ER, Groundland JS, Pala E, Dennis JA, Wooten R, Cheong D, et al. Failure mode classification
for tumor endoprostheses: retrospective review of five institutions and a literature review. The Journal
of bone and joint surgery American volume. 2011 Mar 2;93(5):418-29. Epub 2011/03/04.

Bus MP, Boerhout EJ, Bramer JA, Dijkstra PD. Clinical outcome of pedestal cup endoprosthetic
reconstruction after resection of a peri-acetabular tumour. The bone & joint journal. 2014
Dec;96-b(12):1706-12. Epub 2014/12/03.

Ozaki T, Hillmann A, Lindner N, Blasius S, Winkelmann W. Chondrosarcoma of the pelvis. Clinical
orthopaedics and related research. 1997 Apr(337):226-39. Epub 1997/04/01.

Enneking WF, Dunham WK. Resection and reconstruction for primary neoplasms involving the
innominate bone. The Journal of bone and joint surgery American volume. 1978 Sep;60(6):731-46.
Epub 1978/09/01.

Bloem JL, Reidsma II. Bone and soft tissue tumors of hip and pelvis. Eur J Radiol. 2012 Dec;81(12):3793-
801.

Angelini A, Drago G, Trovarelli G, Calabro T, Ruggieri P. Infection after surgical resection for pelvic bone
tumors: an analysis of 270 patients from one institution. Clinical orthopaedics and related research.
2014 Jan;472(1):349-59. Epub 2013/08/27.

Harrington KD. The use of hemipelvic allografts or autoclaved grafts for reconstruction after wide
resections of malignant tumors of the pelvis. The Journal of bone and joint surgery American volume.
1992 Mar;74(3):331-41. Epub 1992/03/01.

Apffelstaedt JP, Driscoll DL, Spellman JE, Velez AF, Gibbs JF, Karakousis CP. Complications and outcome
of external hemipelvectomy in the management of pelvic tumors. Annals of surgical oncology. 1996
May;3(3):304-9. Epub 1996/05/01.

Aboulafia AJ, Buch R, Mathews J, Li W, Malawer MM. Reconstruction using the saddle prosthesis
following excision of primary and metastatic periacetabular tumors. Clinical orthopaedics and related
research. 1995 May(314):203-13. Epub 1995/05/01.

Satcher Jr RL, O'Donnell RJ, Johnston JO. Reconstruction of the pelvis after resection of tumors about
the acetabulum. Clinical orthopaedics and related research. 2003 Apr(409):209-17. Epub 2003/04/03.

229




Chapter 11

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

230

O’'Connor MI, Sim FH. Salvage of the limb in the treatment of malignant pelvic tumors. The Journal of
bone and joint surgery American volume. 1989 Apr;71(4):481-94. Epub 1989/04/01.

Uchida A, Myoui A, Araki N, Yoshikawa H, Ueda T, Aoki Y. Prosthetic reconstruction for periacetabular
malignant tumors. Clinical orthopaedics and related research. 1996 May(326):238-45. Epub 1996/05/01.

Gebert C, Gosheger G, Winkelmann W. Hip transposition as a universal surgical procedure for
periacetabular tumors of the pelvis. Journal of surgical oncology. 2009 Mar 1,99(3):169-72.

Fuchs B, O'Connor MI, Kaufman KR, Padgett DJ, Sim FH. lliofemoral arthrodesis and pseudarthrosis: a
long-term functional outcome evaluation. Clinical orthopaedics and related research. 2002 Apr(397):29-
35. Epub 2002/04/16.

Gebert C, Wessling M, Hoffmann C, Roed! R, Winkelmann W, Gosheger G, et al. Hip transposition as a
limb salvage procedure following the resection of periacetabular tumors. Journal of surgical oncology.
2011 Mar 1;103(3):269-75. Epub 2011/02/22.

Hoffmann C, Gosheger G, Gebert C, Jurgens H, Winkelmann W. Functional results and quality of life
after treatment of pelvic sarcomas involving the acetabulum. The Journal of bone and joint surgery
American volume. 2006 Mar;88(3):575-82. Epub 2006/03/03.

Dahl MT, Gulli B, Berg T. Complications of limb lengthening. A learning curve. Clinical orthopaedics and
related research. 1994 Apr(301):10-8.

Delloye C, Banse X, Brichard B, Docquier PL, Cornu O. Pelvic reconstruction with a structural pelvic
allograft after resection of a malignant bone tumor. The Journal of bone and joint surgery American
volume. 2007 Mar;89(3):579-87. Epub 2007/03/03.

Beadel GP, MclLaughlin CE, Wunder JS, Griffin AM, Ferguson PC, Bell RS. Outcome in two groups of
patients with allograft-prosthetic reconstruction of pelvic tumor defects. Clinical orthopaedics and
related research. 2005 Sep;438:30-5. Epub 2005/09/01.

OzakiT, Hillmann A, Bettin D, Wuisman P, Winkelmann W. High complication rates with pelvic allografts.
Experience of 22 sarcoma resections. Acta orthopaedica Scandinavica. 1996 Aug;67(4):333-8. Epub
1996/08/01.

Langlais F, Lambotte JC, Thomazeau H. Long-term results of hemipelvis reconstruction with allografts.
Clinical orthopaedics and related research. 2001 Jul(388):178-86. Epub 2001/07/14.

Donati D, DiBella C, FrisoniT, Cevolani L, DeGroot H. Alloprosthetic composite is a suitable reconstruction
after periacetabular tumor resection. Clinical orthopaedics and related research. 2011 May;469(5):1450-
8. Epub 2011/02/12.

Capanna R, van Horn JR, Guernelli N, Briccoli A, Ruggieri P, Biagini R, et al. Complications of pelvic
resections. Archives of orthopaedic and trauma surgery. 1987;106(2):71-7. Epub 1987/01/01.

Cartiaux O, Docquier PL, Paul L, Francq BG, Cornu OH, Delloye C, et al. Surgical inaccuracy of tumor
resection and reconstruction within the pelvis: an experimental study. Acta orthopaedica. 2008
Oct;79(5):695-702. Epub 2008/10/08.

Bus MP, Dijkstra PD, van de Sande MA, Taminiau AH, Schreuder HW, Jutte PC, et al. Intercalary allograft
reconstructions following resection of primary bone tumors: a nationwide multicenter study. The
Journal of bone and joint surgery American volume. 2014 Feb 19,96(4):e26. Epub 2014/02/21.

Jansen JA, van de Sande MA, Dijkstra PD. Poor long-term clinical results of saddle prosthesis after
resection of periacetabular tumors. Clinical orthopaedics and related research. 2013 Jan;471(1):324-31.
Epub 2012/10/12.

Renard AJ, Veth RP, Schreuder HW, Pruszczynski M, Keller A, van Hoesel Q, et al. The saddle prosthesis
in pelvic primary and secondary musculoskeletal tumors: functional results at several postoperative
intervals. Archives of orthopaedic and trauma surgery. 2000;120(3-4):188-94. Epub 2000/03/30.

Nieder E, Elson RA, Engelbrecht E, Kasselt MR, Keller A, Steinbrink K. The saddle prosthesis for salvage of
the destroyed acetabulum. The Journal of bone and joint surgery British volume. 1990 Nov;72(6):1014-
22.Epub 1990/11/01.

Menendez LR, Ahlmann ER, Falkinstein Y, Allison DC. Periacetabular reconstruction with a new
endoprosthesis. Clinical orthopaedics and related research. 2009 Nov;467(11):2831-7. Epub 2009/08/21.

Aljassir F, Beadel GP, Turcotte RE, Griffin AM, Bell RS, Wunder JS, et al. Outcome after pelvic sarcoma
resection reconstructed with saddle prosthesis. Clinical orthopaedics and related research. 2005
Sep;438:36-41. Epub 2005/09/01.



39.

40.

41.

42.

43.

45.

46.

47.

48.

49.

50.

5T.

52.

53.

54.

55.

56.

57.

58.

General discussion

Fisher NE, Patton JT, Grimer RJ, Porter D, Jeys L, Tillman RM, et al. Ice-cream cone reconstruction of the
pelvis: a new type of pelvic replacement: early results. The Journal of bone and joint surgery British
volume. 2011 May;93(5):684-8. Epub 2011/04/23.

Bus MP, Szafranski A, Sellevold S, Goryn T, Jutte PC, Bramer JA, et al. LUMIC® Endoprosthetic
Reconstruction After Periacetabular Tumor Resection: Short-term Results. Clinical orthopaedics and
related research. 2016 Mar 28.

Shahid M, Saunders T, Jeys L, Grimer R. The outcome of surgical treatment for peri-acetabular
metastases. The bone & joint journal. 2014 Jan;96-B(1):132-6.

Muller PE, Durr HR, Wegener B, Pellengahr C, Refior HJ, Jansson V. Internal hemipelvectomy and
reconstruction with a megaprosthesis. International orthopaedics. 2002,26(2):76-9. Epub 2002/06/25.

Guo W, Li D, Tang X, Yang Y, Ji T. Reconstruction with modular hemipelvic prostheses for periacetabular
tumor. Clinical orthopaedics and related research. 2007 Aug;461:180-8. Epub 2007/04/25.

Bruns J, Luessenhop SL, Dahmen G, Sr. Internal hemipelvectomy and endoprosthetic pelvic
replacement: long-term follow-up results. Archives of orthopaedic and trauma surgery. 1997;116(1-
2):27-31. Epub 1997/01/01.

Menendez LR, Ahlmann ER, Kermani C, Gotha H. Endoprosthetic reconstruction for neoplasms of the
proximal femur. Clinical orthopaedics and related research. 2006 Sep;450:46-51. Epub 2006/08/15.

Chandrasekar CR, Grimer RJ, Carter SR, Tillman RM, Abudu A, Buckley L. Modular endoprosthetic
replacement for tumours of the proximal femur. The Journal of bone and joint surgery British volume.
2009 Jan;91(1):108-12. Epub 2008/12/19.

Ahlmann ER, Menendez LR, Kermani C, Gotha H. Survivorship and clinical outcome of modular
endoprosthetic reconstruction for neoplastic disease of the lower limb. The Journal of bone and joint
surgery British volume. 2006 Jun;88(6):790-5. Epub 2006/05/25.

Kulaylat MN, Froix A, Karakousis CP. Blood supply of hemipelvectomy flaps: the anterior flap
hemipelvectomy. Arch Surg. 2001 Jul;136(7):828-31.

Temple WJ, Mnaymneh W, Ketcham AS. The total thigh and rectus abdominis myocutaneous flap for
closure of extensive hemipelvectomy defects. Cancer. 1982 Dec 1;50(11):2524-8.

Jaiswal PK, Aston WJ, Grimer RJ, Abudu A, Carter S, Blunn G, et al. Peri-acetabular resection and
endoprosthetic reconstruction for tumours of the acetabulum. The Journal of bone and joint surgery
British volume. 2008 Sep;90(9):1222-7. Epub 2008/09/02.

Abudu A, Grimer RJ, Cannon SR, Carter SR, Sneath RS. Reconstruction of the hemipelvis after the
excision of malignant tumours. Complications and functional outcome of prostheses. The Journal of
bone and joint surgery British volume. 1997 Sep;79(5):773-9. Epub 1997/10/23.

Nogler M, Kessler O, Prassl A, Donnelly B, Streicher R, Sledge JB, et al. Reduced variability of acetabular

cup positioning with use of an imageless navigation system. Clinical orthopaedics and related research.
2004 Sep(426):159-63. Epub 2004/09/04.

Durand-Hill M, Henckel J, Satchithananda K, Sabah S, Hua J, Hothi H, et al. Calculating the hip center of
rotation using contralateral pelvic anatomy. Journal of orthopaedic research : official publication of the
Orthopaedic Research Society. 2016 Jun;34(6):1077-83. Epub 2015/12/03.

Levine BR, Della Valle CJ, Deirmengian CA, Breien KM, Weeden SH, Sporer SM, et al. The use of a tripolar
articulation in revision total hip arthroplasty: a minimum of 24 months' follow-up. The Journal of
arthroplasty. 2008 Dec;23(8):1182-8. Epub 2008/06/07.

Guyen O, Pibarot V, Vaz G, Chevillotte C, Bejui-Hugues J. Use of a dual mobility socket to manage total
hip arthroplasty instability. Clinical orthopaedics and related research. 2009 Feb;467(2):465-72. Epub
2008/09/10.

Guyen O, Chen QS, Bejui-Hugues J, Berry DJ, An KN. Unconstrained tripolar hip implants: effect on hip
stability. Clinical orthopaedics and related research. 2007 Feb;455:202-8. Epub 2007/02/07.

Jeys LM, Kulkarni A, Grimer RJ, Carter SR, Tillman RM, Abudu A. Endoprosthetic reconstruction for the
treatment of musculoskeletal tumors of the appendicular skeleton and pelvis. The Journal of bone and
joint surgery American volume. 2008 Jun;90(6):1265-71. Epub 2008/06/04.

Bus MP, van de Sande MA, Fiocco M, Schaap GR, Bramer JA, Dijkstra PD. What Are the Long-term Results
of MUTARS® Modular Endoprostheses for Reconstruction of Tumor Resection of the Distal Femur and
Proximal Tibia? Clinical orthopaedics and related research. 2015 Dec 9.

231




Chapter 11

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

232

Batta V, Coathup MJ, Parratt MT, Pollock RC, Aston WJ, Cannon SR, et al. Uncemented, custom-made,
hydroxyapatite-coated collared distal femoral endoprostheses: up to 18 years' follow-up. The bone &
joint journal. 2014 Feb;96-B(2):263-9. Epub 2014/02/05.

Unwin PS, Cannon SR, Grimer RJ, Kemp HB, Sneath RS, Walker PS. Aseptic loosening in cemented
custom-made prosthetic replacements for bone tumours of the lower limb. The Journal of bone and
joint surgery British volume. 1996 Jan;78(1):5-13. Epub 1996/01/01.

Witte D, Bernd L, Bruns J, Gosheger G, Hardes J, Hartwig E, et al. Limb-salvage reconstruction with
MUTARS® hemipelvic endoprosthesis: a prospective multicenter study. European journal of surgical
oncology : the journal of the European Society of Surgical Oncology and the British Association of
Surgical Oncology. 2009 Dec;35(12):1318-25. Epub 2009/05/30.

Kelly SJ, Incavo SJ, Beynnon B. The use of a hydroxyapatite-coated primary stem in revision total hip
arthroplasty. The Journal of arthroplasty. 2006 Jan;21(1):64-71. Epub 2006/02/01.

Kinkel S, Graage JD, Kretzer JP, Jakubowitz E, Nadorf J. Influence of stem design on the primary stability
of megaprostheses of the proximal femur. International orthopaedics. 2013 Oct;37(10):1877-83. Epub
2013/08/21.

van der Voort P, Valstar ER, Kaptein BL, Fiocco M, van der Heide HJ, Nelissen RG. Comparison of femoral
component migration between Refobacin bone cement R and Palacos R + G in cemented total hip
arthroplasty: A randomised controlled roentgen stereophotogrammetric analysis and clinical study.
The bone & joint journal. 2016 Oct;98-b(10):1333-41. Epub 2016/10/04.

Myers GJ, Abudu AT, Carter SR, Tillman RM, Grimer RJ. The long-term results of endoprosthetic
replacement of the proximal tibia for bone tumours. The Journal of bone and joint surgery British
volume. 2007 Dec;89(12):1632-7. Epub 2007/12/07.

Myers GJ, Abudu AT, Carter SR, Tillman RM, Grimer RJ. Endoprosthetic replacement of the distal femur
for bone tumours: long-term results. The Journal of bone and joint surgery British volume. 2007
Apr;89(4):521-6. Epub 2007/04/28.

Grimer RJ, Aydin BK, Wafa H, Carter SR, Jeys L, Abudu A, et al. Very long-term outcomes after
endoprosthetic replacement for malignant tumours of bone. The bone & joint journal. 2016
Jun;98-B(6):857-64.

Barrientos-Ruiz |, Ortiz-Cruz EJ, Peleteiro-Pensado M. Reconstruction After Hemipelvectomy With the

Ice-Cream Cone Prosthesis: What Are the Short-term Clinical Results? Clinical orthopaedics and related
research. 2016 Feb 16. Epub 2016/02/18.

Blunn GW, Briggs TW, Cannon SR, Walker PS, Unwin PS, Culligan S, et al. Cementless fixation for primary
segmental bone tumor endoprostheses. Clinical orthopaedics and related research. 2000 Mar(372):223-
30. Epub 2000/03/30.

Regis D, Sandri A, Bonetti |, Bortolami O, Bartolozzi P. A minimum of 10-year follow-up of the Burch-
Schneider cage and bulk allografts for the revision of pelvic discontinuity. The Journal of arthroplasty.
2012 Jun;27(6):1057-63.e1. Epub 2012/03/09.

Davidson D, Pike J, Garbuz D, Duncan CP, Masri BA. Intraoperative periprosthetic fractures during total
hip arthroplasty. Evaluation and management. The Journal of bone and joint surgery American volume.
2008 Sep;90(9):2000-12. Epub 2008/09/03.

Cottias P, Jeanrot C, Vinh TS, Tomeno B, Anract P. Complications and functional evaluation of 17 saddle
prostheses for resection of periacetabular tumors. Journal of surgical oncology. 2001 Oct;78(2):90-100.
Epub 2001/10/02.

Kitagawa Y, Ek ET, Choong PF. Pelvic reconstruction using saddle prosthesis following limb salvage
operation for periacetabular tumour. Journal of orthopaedic surgery (Hong Kong). 2006 Aug;14(2):155-
62. Epub 2006/08/18.

Antoniades J, Pellegrini VD, Jr. Cross-sectional anatomy of the ilium: implications for acetabular
component placement in total hip arthroplasty. Clinical orthopaedics and related research. 2012
Dec;470(12):3537-41.

Mavrogenis AF, Soultanis K, Patapis P, Guerra G, Fabbri N, Ruggieri P, et al. Pelvic resections. Orthopedics.
2012 Feb;35(2):2232-43. Epub 2012/02/09.

Windhager R, Karner J, Kutschera HP, Polterauer P, Salzer-Kuntschik M, Kotz R. Limb salvage in
periacetabular sarcomas: review of 21 consecutive cases. Clinical orthopaedics and related research.
1996 Oct(331):265-76. Epub 1996/10/01.



78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

General discussion

Ring PA. Complete replacement arthroplasty of the hip by the ring prosthesis. The Journal of bone and
joint surgery British volume. 1968 Nov;50(4):720-31. Epub 1968/11/01.

Angelini A, Calabro T, Pala E, Trovarelli G, Maraldi M, Ruggieri P. Resection and reconstruction of pelvic
bone tumors. Orthopedics. 2015 Feb 1;38(2):87-93. Epub 2015/02/11.

Hillmann A, Hoffmann C, Gosheger G, Rodl R, Winkelmann W, Ozaki T. Tumors of the pelvis:
complications after reconstruction. Archives of orthopaedic and trauma surgery. 2003 Sep;123(7):340-
4. Epub 2003/07/03.

Gradl G, de Witte PB, Evans BT, Hornicek F, Raskin K, Ring D. Surgical site infection in orthopaedic
oncology. The Journal of bone and joint surgery American volume. 2014 Feb 5;96(3):223-30. Epub
2014/02/07.

Naranje S, Lendway L, Mehle S, Gioe TJ. Does operative time affect infection rate in primary total knee
arthroplasty? Clinical orthopaedics and related research. 2015 Jan;473(1):64-9. Epub 2014/04/18.

Racano A, Pazionis T, Farrokhyar F, Deheshi B, Ghert M. High infection rate outcomes in long-bone
tumor surgery with endoprosthetic reconstruction in adults: a systematic review. Clinical orthopaedics
and related research. 2013 Jun;471(6):2017-27. Epub 2013/02/14.

Ghert M, Deheshi B, Holt G, Randall RL, Ferguson P, Wunder J, et al. Prophylactic antibiotic regimens in
tumour surgery (PARITY): protocol for a multicentre randomised controlled study. BMJ Open. 2012;2(6).

Romano CL, Scarponi'S, Gallazzi E,Romano D, Drago L. Antibacterial coating of implants in orthopaedics
and trauma: a classification proposal in an evolving panorama. Journal of orthopaedic surgery and
research. 2015;10:157.

Gosheger G, Hardes J, Ahrens H, Streitburger A, Buerger H, Erren M, et al. Silver-coated
megaendoprostheses in a rabbit model--an analysis of the infection rate and toxicological side effects.
Biomaterials. 2004 Nov;25(24):5547-56. Epub 2004/05/15.

Hardes J, Ahrens H, Gebert C, Streitbuerger A, Buerger H, Erren M, et al. Lack of toxicological side-effects
in silver-coated megaprostheses in humans. Biomaterials. 2007 Jun;28(18):2869-75. Epub 2007/03/21.

Wafa H, Grimer RJ, Reddy K, Jeys L, Abudu A, Carter SR, et al. Retrospective evaluation of the incidence
of early periprosthetic infection with silver-treated endoprostheses in high-risk patients: case-control
study. The bone & joint journal. 2015 Feb;97-B(2):252-7. Epub 2015/01/30.

Scoccianti G, Frenos F, Beltrami G, Campanacci DA, Capanna R. Levels of silver ions in body fluids and
clinical results in silver-coated megaprostheses after tumour, trauma or failed arthroplasty. Injury. 2016
Aug 11.

Tsuchiya H, Shirai T, Nishida H, Murakami H, Kabata T, Yamamoto N, et al. Innovative antimicrobial
coating of titanium implants with iodine. Journal of orthopaedic science : official journal of the
Japanese Orthopaedic Association. 2012 Sep;17(5):595-604.

Shirai T, Tsuchiya H, Nishida H, Yamamoto N, Watanabe K, Nakase J, et al. Antimicrobial megaprostheses
supported with iodine. J Biomater Appl. 2014 Oct;29(4):617-23.

Ogura K, Miyamoto S, Sakuraba M, Chuman H, Fujiwara T, Kawai A. Immediate soft-tissue reconstruction
using a rectus abdominis myocutaneous flap following wide resection of malignant bone tumours of
the pelvis. The bone & joint journal. 2014 Feb;96-b(2):270-3. Epub 2014/02/05.

Kroll SS, Schusterman MA, Reece GP, Miller MJ, Robb G, Evans G. Abdominal wall strength, bulging, and
hernia after TRAM flap breast reconstruction. Plastic and reconstructive surgery. 1995 Sep;96(3):616-9.

Nosotti M, Cioffi U, De Simone M, Mendogni P, Palleschi A, Rosso L, et al. Omentoplasty and thoracoplasty
for treating postpneumonectomy bronchopleural fistula in a patient previously submitted to aortic
prosthesis implantation. J Cardiothorac Surg. 2009 Jul 24;4:38.

Yaszemski MJ. Biomaterials in Orthopedics: CRC Press; 2003.

Unni KK, Inwards CY. Dahlin's bone tumors: general aspects and data on 10,165 cases: Lippincott
Williams & Wilkins; 2010.

Fletcher CDM, Unni KK, Mertens F, Organization WH, Cancer IAfRo. WHO classification of tumours of soft
tissue and bone: IARC press; 2013.

Mankin HJ, Doppelt SH, Sullivan TR, Tomford WW. Osteoarticular and intercalary allograft transplantation
in the management of malignant tumors of bone. Cancer. 1982 Aug 15;50(4):613-30. Epub 1982/08/15.

Donati D, Giacomini S, Gozzi E, Mercuri M. Proximal femur reconstruction by an allograft prosthesis
composite. Clinical orthopaedics and related research. 2002 Jan(394):192-200. Epub 2002/01/25.

233




Chapter 11

99.

234

Farid Y, Lin PP, Lewis VO, Yasko AW. Endoprosthetic and allograft-prosthetic composite reconstruction of
the proximal femur for bone neoplasms. Clinical orthopaedics and related research. 2006 Jan;442:223-
9. Epub 2006/01/06.

. Zehr RJ, Enneking WF, Scarborough MT. Allograft-prosthesis composite versus megaprosthesis in

proximal femoral reconstruction. Clinical orthopaedics and related research. 1996 Jan(322):207-23.
Epub 1996/01/01.

. Ortiz-Cruz E, Gebhardt MC, Jennings LC, Springfield DS, Mankin HJ. The results of transplantation of

intercalary allografts after resection of tumors. A long-term follow-up study. The Journal of bone and
joint surgery American volume. 1997 Jan;79(1):97-106. Epub 1997/01/01.

. Deijkers RL, Bloem RM, Hogendoorn PC, Verlaan JJ, Kroon HM, Taminiau AH. Hemicortical allograft

reconstruction after resection of low-grade malignant bone tumours. The Journal of bone and joint
surgery British volume. 2002 Sep;84(7):1009-14. Epub 2002/10/03.

. Bickels J, Meller |, Henshaw RM, Malawer MM. Reconstruction of hip stability after proximal and total

femur resections. Clinical orthopaedics and related research. 2000 Jun(375):218-30.

. Lloyd DG, Buchanan TS. Strategies of muscular support of varus and valgus isometric loads at the

human knee. Journal of biomechanics. 2001 Oct;34(10):1257-67. Epub 2001/08/28.

. Kawai A, Muschler GF, Lane JM, Otis JC, Healey JH. Prosthetic knee replacement after resection of a

malignant tumor of the distal part of the femur. Medium to long-term results. The Journal of bone and
joint surgery American volume. 1998 May;80(5):636-47. Epub 1998/06/04.

. TLEMsafe. Improving safety and predictability of complex musculoskeletal surgery using a patient-

specific navigation system. [October 18, 2016]; Available from: http://www.tlemsafe.eu/.

. Muscolo DL, Ayerza MA, Farfalli G, Aponte-Tinao LA. Proximal tibia osteoarticular allografts in tumor

limb salvage surgery. Clinical orthopaedics and related research. 2010 May;468(5):1396-404. Epub
2009/12/19.

. Albergo JI, Gaston CL, Aponte-Tinao LA, Ayerza MA, Muscolo DL, Farfalli GL, et al. Proximal Tibia

Reconstruction After Bone Tumor Resection: Are Survivorship and Outcomes of Endoprosthetic
Replacement and Osteoarticular Allograft Similar? Clinical orthopaedics and related research. 2016 Apr
21.

. Grimer RJ, Carter SR, Tillman RM, Sneath RS, Walker PS, Unwin PS, et al. Endoprosthetic replacement of

the proximal tibia. The Journal of bone and joint surgery British volume. 1999 May;81(3):488-94.

. Hobusch GM, Funovics PT, Hourscht C, Domayer SE, Puchner SE, Dominkus M, et al. LARS® band and

tube for extensor mechanism reconstructions in proximal tibial modular endoprostheses after bone
tumors. The Knee. 2016 Oct;23(5):905-10.

. Gosheger G, Hillmann A, Lindner N, Rodl R, Hoffmann C, Burger H, et al. Soft tissue reconstruction of

megaprostheses using a trevira tube. Clinical orthopaedics and related research. 2001 Dec(393):264-71.
Epub 2002/01/05.

. Harrison RJ, Jr, Thacker MM, Pitcher JD, Temple HT, Scully SP. Distal femur replacement is useful in complex

total knee arthroplasty revisions. Clinical orthopaedics and related research. 2006 May;446:113-20.

. Frisoni T, Cevolani L, Giorgini A, Dozza B, Donati DM. Factors affecting outcome of massive intercalary

bone allografts in the treatment of tumours of the femur. The Journal of bone and joint surgery British
volume. 2012 Jun;94(6):836-41. Epub 2012/05/26.

. Hilven PH, Bayliss L, Cosker T, Dijkstra PD, Jutte PC, Lahoda LU, et al. The vascularised fibular graft

for limb salvage after bone tumour surgery: a multicentre study. The bone & joint journal. 2015
Jun;97-b(6):853-61. Epub 2015/06/03.

. Ritacco LE, Farfalli GL, Milano FE, Ayerza MA, Muscolo DL, Aponte-Tinao L. Three-dimensional virtual

bone bank system workflow for structural bone allograft selection: a technical report. Sarcoma.
2013;2013:524395. Epub 2013/05/22.

. Ritacco LE, Milano FE, Farfalli GL, Ayerza MA, Muscolo DL, Aponte-Tinao LA. Accuracy of 3-D planning

and navigation in bone tumor resection. Orthopedics. 2013 Jul;36(7):e942-50. Epub 2013/07/05.

. Spiegelberg BG, Sewell MD, Aston WJ, Blunn GW, Pollock R, Cannon SR, et al. The early results of joint-

sparing proximal tibial replacement for primary bone tumours, using extracortical plate fixation. The
Journal of bone and joint surgery British volume. 2009 Oct;91(10):1373-7.

. GoshegerG, GebertC,AhrensH, Streitbuerger A, WinkelmannW, Hardes J. Endoprosthetic reconstruction

in 250 patients with sarcoma. Clinical orthopaedics and related research. 2006 Sep;450:164-71. Epub
2006/05/13.



General discussion

. Kinkel S, Lehner B, Kleinhans JA, Jakubowitz E, Ewerbeck V, Heisel C. Medium to long-term results after

reconstruction of bone defects at the knee with tumor endoprostheses. Journal of surgical oncology.
2010 Feb 1;101(2):166-9. Epub 2009/11/20.

. Masri BA, Meek RM, Duncan CP. Periprosthetic fractures evaluation and treatment. Clinical orthopaedics

and related research. 2004 Mar(420):80-95.

. Foo LS, Hardes J, Henrichs M, Ahrens H, Gosheger G, Streitburger A. Surgical difficulties encountered

with use of modular endoprosthesis for limb preserving salvage of failed allograft reconstruction after
malignant tumor resection. The Journal of arthroplasty. 2011 Aug;26(5):744-50. Epub 2010/08/10.

. Franklin J, Malchau H. Risk factors for periprosthetic femoral fracture. Injury. 2007 Jun;38(6):655-60.
. Aponte-Tinao L, Farfalli GL, Ritacco LE, Ayerza MA, Muscolo DL. Intercalary femur allografts are

an acceptable alternative after tumor resection. Clinical orthopaedics and related research. 2012
Mar;470(3):728-34. Epub 2011/06/22.

. Friedrich JB, Moran SL, Bishop AT, Wood CM, Shin AY. Free vascularized fibular graft salvage of

complications of long-bone allograft after tumor reconstruction. The Journal of bone and joint surgery
American volume. 2008 Jan;90(1):93-100.

. Scarborough MT. Allograft-allograft healing? Salvage of massive allografts after fracture. Clinical

orthopaedics and related research. 2001 Jan(382):28-33. Epub 2001/01/12.

. Lee FY, Storer S, Hazan EJ, Gebhardt MC, Mankin HJ. Repair of bone allograft fracture using bone

morphogenetic protein-2. Clinical orthopaedics and related research. 2002 Apr(397):119-26. Epub
2002/04/16.

. Bus MP, van de Sande MA, Taminiau AH, Dijkstra PD. Is there still a role for osteoarticular allograft

reconstruction in musculoskeletal tumour surgery? A long-term follow-up study of 38 patients and
systematic review of the literature. The bone &joint journal. 2017 Apr;99-b(4):522-30. Epub 2017/04/06.

. Obremskey WT, Pappas N, Attallah-Wasif E, Tornetta P, 3rd, Bhandari M. Level of evidence in orthopaedic

journals. The Journal of bone and joint surgery American volume. 2005 Dec;87(12):2632-8.

. Evaniew N, Nuttall J, Farrokhyar F, Bhandari M, Ghert M. What are the levels of evidence on which we

base decisions for surgical management of lower extremity bone tumors? Clinical orthopaedics and
related research. 2014 Jan;472(1):8-15. Epub 2013/10/02.

. Vandenbroucke JP, von EIm E, Altman DG, Gotzsche PC, Mulrow CD, Pocock SJ, et al. Strengthening

the Reporting of Observational Studies in Epidemiology (STROBE): explanation and elaboration.
Epidemiology. 2007 Nov;18(6):805-35.

. Zimmerli W, Trampuz A, Ochsner PE. Prosthetic-joint infections. The New England journal of medicine.

2004 Oct 14;351(16):1645-54.

. Enneking WF, Dunham W, Gebhardt MC, Malawar M, Pritchard DJ. A system for the functional evaluation

of reconstructive procedures after surgical treatment of tumors of the musculoskeletal system. Clinical
orthopaedics and related research. 1993 Jan(286):241-6. Epub 1993/01/01.

. Davis AM, Wright JG, Williams JI, Bombardier C, Griffin A, Bell RS. Development of a measure of physical

function for patients with bone and soft tissue sarcoma. Quality of life research : an international journal
of quality of life aspects of treatment, care and rehabilitation. 1996 Oct;5(5):508-16. Epub 1996/10/01.

. Tunn PU, Pomraenke D, Goerling U, Hohenberger P. Functional outcome after endoprosthetic limb-

salvage therapy of primary bone tumours--a comparative analysis using the MSTS score, the TESS and
the RNL index. International orthopaedics. 2008 Oct;32(5):619-25.

. van Egmond-van Dam JC, Bekkering WP, Bramer JAM, Beishuizen A, Fiocco M, Dijkstra PDS. Functional

outcome after surgery in patients with bone sarcoma around the knee; results from a long-term
prospective study. Journal of surgical oncology. 2017 Jun;115(8):1028-32.

. Barkun JS, Aronson JK, Feldman LS, Maddern GJ, Strasberg SM, Balliol C, et al. Evaluation and stages of

surgical innovations. Lancet. 2009 Sep 26;374(9695):1089-96.

. Nelissen RG, Pijls BG, Karrholm J, Malchau H, Nieuwenhuijse MJ, Valstar ER. RSA and registries: the quest

for phased introduction of new implants. The Journal of bone and joint surgery American volume. 2011
Dec 21,93 Suppl 3:62-5.

. Gordon-Taylor G. On malignant disease in the region of the hip-joint. Journal of the Royal College of

Surgeons of Edinburgh. 1959 Oct;5:1-21. Epub 1959/10/01.

235






