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Objective: Review the outcome of patients with complex fractures around the knee treated

with megaprosthesis.

Method: Retrospective observational study of 10 patients was undertaken.

Results: Six patients were treated with a distal femoral endoprosthesis (DEFPR) and four with

an augmented rotating hinge knee replacement (RHK). The mean post-operative Toronto

Extremity Salvage Score (TESS) was 62.5 for the whole cohort (RHK group 79.3, compared

with 49.2 in the DFEPR group ( p = 0.038), peri-prosthetic fracture group was 46.3, compared

with 75.6 in native knee fracture group ( p = 0.04)).

Conclusion: A megaprosthesis is a viable option in complex fractures around the knee.
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1. Introduction

Limb salvage surgery has become the standard for local control
of aggressive bone and soft tissue tumours arising around the
knee.1 As such, tumour units have been able to combine
the advances in metallurgical techniques with the need to
replace large bone segments after resection for oncological
indications.2 Modular megaprosthesis are defined as special
bone and joint prostheses, which can bridge and compensate
for large bone defects caused by loss of bone stock.3

An accurate incidence of peri-articular fractures of the
knee is difficult to obtain as it varies with both geographic and
population demographics.4 Court-Brown and Caesar5 per-
formed a review of nearly 6000 fractures, reporting the
incidence of proximal tibial fractures as 13.3 per 100,000
adult population, with an incidence of 4.5 per 100,000 for
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distal femoral fractures. The majority of these fractures occur
in older patients, with 86% of distal femoral fractures
occurring in patients more that 70 years of age and 24%
of proximal tibial fractures occurring in patients more than
65 years old.5,6

The number of total knee arthroplasties performed con-
tinues to rise annually and it would be expected that
complications, which include periprosthetic fractures, will
also therefore become more commonplace.7 This type of
injury can have potentially devastating complications to the
patient and poses significant challenges to the surgical team.
The management of these often complex fractures depends on
displacement at the fracture site, bone quality, size of the
fragments and condition of implants.7 The over riding aim is to
maintain lower limb alignment whilst providing a stable
reconstruction to allow the patient an early return to
ambulation as possible.
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Some reports exist detailing the use of megaprostheses in
non-oncological musculoskeletal conditions,3 where bone
stock has been severely compromised. We present the
outcome of patients managed at our specialist, tertiary
orthopaedic oncology unit referred with traumatic fractures
involving a native or prosthetic knee.

2. Method

We conducted a retrospective review of all patients managed
at our tertiary orthopaedic oncology unit with knee trauma. All
patients had been referred to our unit between 2009 and 2012
for a specialist opinion of their complex fractures involving the
knee.

For each patient, demographic data were collected along
with pain scores out of 10 pre- and post-definitive surgeries (10
being maximally severe pain, 0 no pain). All patients
completed a Toronto Extremity Salvage Score (TESS) 6–12
months after their definitive operative intervention at our
institution.8,9 The TESS is based on the definitions of disability,
impairment and handicap as documented by the World Health
Organisation.10 It is a well-recognised tool assessing function-
al outcomes following surgery for an extremity sarcoma and
has been tested for validity and reliability.9,11 It consists of a
series of questions, with the maximum score achievable being
100 signifying no impairment to function. TESS is commonly
used at our institution to monitor the post-operative func-
tional improvement in our musculoskeletal oncology patients.

Specific to the knee injury, the AO12 system was used to
classify fractures around a native joint. With regards to peri-
prosthetic fractures around a total knee replacement, the
Rorabeck13 system was used to classify fractures involving the
femoral component and the Felix14 system was used to classify
fractures involving the tibial component.

Simple summary statistics were collated using SPSS v 18.0
software (IBM Corp., Armonk, New York). Continuous data
were compared using an unpaired t-test, with an alpha value
of 0.05 considered statistically significant.

3. Results

10 patients were identified. All had closed injuries. 5 were
male. All underwent single-stage operative intervention
Table 1 – Summary of results.

Case Age Indication 

1 74 Multiple osteoporotic fractures 

2 65 Tibial fracture 

3 94 Periprosthetic fracture 

4 68 Periprosthetic fracture 

5 53 Fractured distal femur in RTA and non unio
6 63 Proximal tibial fracture 

7 65 Periprosthetic fracture 

8 48 RTA 

9 89 Osteoporotic periprosthetic fracture 

10 83 Periprosthetic fracture 
utilising a megaprosthesis to definitively manage their
complex knee fractures. The mean age at definitive surgery
was 70.2 years (48–94 years). Six patients were treated with a
distal femoral endoprosthesis (DFEPR, Stanmore Implants,
Elstree, United Kingdom), with four requiring a rotating hinge
knee replacement (RHK) (Biomet Orthopedics, Warsaw, IN,
USA). The mean post-operative TESS was 62.5 for the whole
cohort. The mean post-operative TESS in the RHK group was
79.3, compared with a mean TESS of 49.2 in the DFEPR group
( p = 0.038). The mean post-operative TESS in patients with a
peri-prosthetic fracture was 46.3, compared with a mean TESS
of 75.6 in those sustaining a fracture involving a native knee
( p = 0.04). The mean pre-definitive surgery pain score was
7.8/10, while the mean post-definitive surgery pain score was
2.0/10. All patients reported improvement in their pain.

The mean follow-up was 3 years. At last follow-up, all
patients were mobile, either with or without walking aids, and
no cases of deep infection or loosening have been reported.
One patient (case 9) died prior to collection of a TESS score from
causes unrelated to their definitive surgery. Table 1 sum-
marises the results.

Case 5 was a 53-year-old male involved in a high
speed motor cycle accident (Fig. 1a and b). He sustained a
closed, isolated injury to the distal femur (AO 33 C3) that was
treated by open reduction and internal fixation (ORIF). He was
referred to our unit 6 months after the initial surgery with a
painful non-union. He underwent a DFEPR, and at last follow-
up was independently mobile.

Case 6 was a 63-year-old female referred directly to us from
a local hospital with a severely comminuted proximal tibial
fracture (AO 41 C3). The referring trauma unit did not feel
reconstruction using ORIF was possible. She underwent
salvage reconstruction using a RHK (Fig. 2a and b). At last
follow-up, she was independently mobile.

4. Discussion

This study shows that megaprostheses can be employed to
negate the difficulties in limb reconstruction in patients
presenting with complex fractures around the knee. The
patients presented are an extreme, highly specialised, hetero-
geneous group, who were faced with a drastic situation of
having to consider unpredictable and undesirable operative
interventions such as ORIF, arthrodesis or amputation. Our
Classification Intervention TESS

AO 41 C3 RHK 85
AO 41 C3 RHK 90
Felix II DFEPR 28
Rorabeck II DFEPR 25

n AO 33 C3 DFEPR 70
AO 41 C3 RHK 71
Rorabeck III RHK 71
AO 33 C3 DFEPR 62
Rorabeck III DFEPR No score
Rorabeck III DFEPR 61



Fig. 1 – Case 5: (a) pre-DFEPR and (b) post-DFEPR.
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tertiary orthopaedic oncology unit has significant expertise in
limb salvage and reconstruction using megaprostheses in the
field of musculoskeletal malignancy. We utilised the same
techniques we would use in the management of bone defects
following tumour resection in the salvage procedures pre-
sented in this study.
Fig. 2 – Case 6: (a) pre-RH
Numerous reconstructive strategies exist to treat large
bone defects including allograft,15–17 biotechnologies in mono
or polytherapy, standard arthroplasty and, lastly, megaprosth-
esis.2 Structural allografts have a complication rate of
23–55%18–20 and include allograft resorption, non-union,
spontaneous fracture and infection.21,22 In addition to the
K and (b) post-RHK.
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complications reported with the use of allografts, one major
disadvantage is that immediate full weight bearing is usually
not possible, as the bone requires a period of time to
consolidate.23 This period of restricted mobility may be
associated with medical complications,24 particularly in those
patients with advanced age.

The necessity to resect large bone segments in the field of
orthopaedic oncology has driven the development of mega-
prosthesis. They provide the surgeon with the ability to replace
significant bone and joint defects whilst, simultaneously,
providing the patient with a functional limb that may have
otherwise been amputated. Furthermore, a patient with a
more functional limb has an improved quality of life.25,26

Megaprostheses are relatively easy to use and the systems
can be highly modular allowing various resections to fit as
many patients as possible.3 Indeed, custom-made implants
are also available. Megaprostheses provide a consistently
more predictable outcome.1 Even in patients with a poor
prognosis, they have a role in optimising quality of life,
providing pain relief, and maintaining an intact body image.27

Importantly, arthrodesis and amputation are consistently
reported to have poor patient outcomes.28,29

Although we do not report any infections in our study, high
rates of periprosthetic infection are reported in the literature.30

When used in oncological cases, distal femoral replacement
has a reported infection rate of 20%,23 whilst infection around
proximal tibial replacements is as high as 50%.23 This may be
due to a relatively poor soft-tissue envelope covering the
proximal tibia, despite plastic surgical coverage with a
gastrocnemius rotation flap. The use of silver-coated mega-
prosthesis has been reported to reduce the rate of peripros-
thetic infection.31,32 We did not use these implants in this
study.

Due to the relatively short follow-up period we present, no
evidence of aseptic loosening has been noted. Aseptic
loosening in oncological cases is reported to occur in 24% of
distal femoral replacements at 10 years.33 With longer follow-
up, we would expect the rate of aseptic loosening to increase in
our cohort of patients. Fixing the shaft using a hydroxyapatite-
coated collar appears to reduce the loosening rate,33 a
technique we used in all of the DFEPRs.

The TESS outcomes we present in this study are similar to
those of a previous study from our unit of megaprosthesis
around the knee in orthopaedic oncology patients, which
revealed a mean TESS of 72.34 It must be borne in mind,
however, that bone sarcoma patients differ significantly to the
trauma cohort we present. Patients with primary bone
tumours are often young and otherwise fit, and have good
bone quality. This contrasts starkly with the more frail elderly
patients seen in our study. The expectations of these two
groups are likely to be different with those with malignant
tumours being primarily concerned with disease-free survival.
In general, all patients cope well with activities of daily living,
such as, standing and walking, washing and dressing, and
light shopping. Unsurprisingly, most patients struggle with
heavy activities, such as, gardening and sports.

The present study confirms that a periprosthetic fracture is
associated with a poorer functional outcome when compared
to a fracture involving a native knee joint (post-operative
TESS = 46 vs 75.6 ( p = 0.04)). However, in these complex cases,
revision surgery using a megaprosthesis is the only option for
preserving the extremity whilst allowing mobilisation and full
weight-bearing as early as possible.2

The study has several limitations. Due to the highly
specialised and rare indications, the number of patients is
small. Only a retrospective analysis of the group was possible,
and no pre-operative TESS was measured. Other scoring
systems could have been employed; however, because our unit
is primarily a tertiary orthopaedic oncology unit and, due to
our familiarity with the scoring system, we deemed the TESS
to be the most appropriate tool for comparison of functional
outcomes.

5. Conclusion

The use of a megaprosthesis is a viable option in cases, where
bone stock at the fracture site is so severely compromised that
traditional osteosynthesis or revision arthroplasty techniques
would not provide a stable, durable implant to allow early
mobilisation. Patients with traumatic injuries requiring a
megaprosthesis have a significantly disabling disease. They
should be treated in specialist units familiar with the
technology used, and the rehabilitation required, so they
can achieve, as best as possible, restitutio ad integrum.
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