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Abstract

Background Modular megaprostheses are now the most

common method of reconstruction after segmental resec-

tion of the long bones in the lower extremities. Previous

studies reported variable outcome and failure rates after

knee megaprosthetic reconstructions.

Questions/purposes The objectives of this study were to

analyze the results of a modular tumor prosthesis after

resection of bone tumor around the knee with respect to (1)

survivorship; (2) failure rate; (3) comparative survivorship

against different sites of reconstructions and of primary and

revision implants; and (4) functional results on the Mus-

culoskeletal Tumor Society (MSTS) scoring system.

Methods Between 2003 and 2010, 247 rotating-hinge

Global Modular Reconstruction System (GMRS) knee

prostheses were implanted in our institute for malignant

and aggressive benign tumors. During this time, that group

represented 23% of the patients who had oncologic

megaprosthesis reconstruction about the knee after resec-

tion of primary or metastatic bone tumors (247 of 1086

patients). In the other 77% of cases we used other types of

oncologic prostheses. Before 2003 we used the older

Howmedica Modular Resection System and Kotz Modular

Femur/Tibia Replacement from 2003 we used mostly the

GMRS but we continued to use the HMRS in some cases

such as patients with poor prognoses, elderly patients, or

metastatic patients. Sites included 187 distal femurs and 60

proximal tibias. Causes of megaprosthesis failure were

classified according to Henderson et al. in five types: Type

1 (soft tissue failure), Type 2 (aseptic loosening), Type 3

(structural failure), Type 4 (infection), and Type 5 (tumor

progression). Followup was at a minimum oncologic fol-

lowup of 2 years (mean, 4 years; range, 2–8 years).

Kaplan-Meier actuarial curves of implant survival to major

failures were done. Functional results were analyzed

according to the MSTS II system; 223 of the 247 were

available for functional scoring (81%).

Results At latest followup, among 175 treated patients for

primary reconstruction, 117 are continuously disease-free,

26 have no evidence of disease after treatment of relapse,

eight are alive with disease, and 24 died from disease. The

overall failure rate of the megaprostheses in our series was

29.1% (72 of 247). Type 1 failure occurred in 8.5% (21 of

247) cases, Type 2 in 5.6% (14 of 247), Type 3 in 0%,

Type 4 in 9.3% (23 of 247), and Type 5 in 5.6% (14 of

247). Kaplan-Meier curve showed an overall implant sur-

vival rate for all types of failures of 70% at 4 years and

58% at 8 years. Prosthetic survivorship for revisions was

80% at 5 years and for primary reconstructions was 60% at

5 years (p = 0.013). Survivorship to infection was 95% at

Each author certifies that he or she, or a member of his or her

immediate family, has no funding or commercial associations (eg,

consultancies, stock ownership, equity interest, patent/licensing

arrangements, etc) that might pose a conflict of interest in connection

with the submitted article.

All ICMJE Conflict of Interest Forms for authors and Clinical

Orthopaedics and Related Research1 editors and board members are

on file with the publication and can be viewed on request.

Clinical Orthopaedics and Related Research1 neither advocates nor

endorses the use of any treatment, drug, or device. Readers are

encouraged to always seek additional information, including FDA-

approval status, of any drug or device prior to clinical use.

Each author certifies that his or her institution approved the human

protocol for this investigation, that all investigations were conducted

in conformity with ethical principles of research, and that informed

consent for participation in the study was obtained.

E. Pala, G. Trovarelli, T. Calabrò, A. Angelini,
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5 years for revision patients and 84% at 5 years for pri-

mary patients (p = 0.475). The mean MSTS score was 84

(25.2; range, 8–30) with no difference between sites of

localization (24.7 in proximal tibia versus 25.4 in distal

femur reconstruction; p = 0.306).

Conclusions Results at a minimum of 2 years with this

modular prosthesis are satisfactory in terms of survivorship

(both oncologic and reconstructive) and causes and rates of

failure. Although these results seem comparable with other

like implants, we will continue to follow this cohort, and

we believe that comparative trials among the available

megaprosthesis designs are called for.

Level of Evidence Level IV, therapeutic study. See

Guidelines for Authors for a complete description of levels

of evidence.

Introduction

The distal femur and the proximal tibia are common sites for

primary and metastatic bone tumors. The introduction of

chemotherapy, the advances in surgical and diagnostic

techniques, and the multidisciplinary approach allowed limb

salvage procedures for sarcoma with no obvious detectable

differences in oncologic or functional results compared with

amputation [2–5, 8, 11, 12, 26, 28, 31, 38, 39]. Since the early

1980s metallic megaprostheses have been used for the

reconstruction of bone defects after tumor resection as a

result of their availability, relative ease of use, immediate

fixation and ability to allow early weightbearing, relatively

rapid restoration of function, excellent cosmetic appearance,

and emotional acceptance [1, 31, 39]. Initially the prostheses

were custom implants, but currently modular implants are

available and these routinely are used for reconstruction.

Despite the advances in materials and implant design

that have occurred over the years, all systems have com-

plications and failures, and these remain high compared

with conventional total knee systems, making revision

surgery relatively common [1, 6, 7, 9, 11, 16–21, 23, 24,

26, 27, 32, 35, 36, 39, 41, 42, 45]. Poorer long-term results

may be the result of many factors such as immunosup-

pression of patients with oncologic diagnoses, extensive

resection of the bony and soft tissues about the knee, longer

operative time, and general patient condition. Previous

studies using different types of megaprostheses have

reported on implant survival to failure ranging from 68%

(fixed-hinge) to 77% to 100% (rotating-hinge) and a 10-

year estimated risk of failure from 22% (rotating-hinge) to

42% (fixed-hinge) [1, 6, 20, 33, 40]. Since 2003, the

rotating-hinge Global Modular Reconstruction System

(GMRS) has been available, which allows modularity and

the availability of a rotating hinge, which provides stability

and permits a large amount of rotation that reduces

mechanical stresses at the bone-stem interface [40]. We

have used this implant since its introduction, but the

reported literature to date has with this implant primarily

been in small clinical series.

The aims of our study were (1) to analyze survivorship

of patients with limb salvage for bone tumors around the

knee using this implant system; (2) to evaluate the most

common failures after knee arthroplasty using this rotating-

hinge modular prosthetic system; (3) to analyze survival of

the knee megaprostheses comparing sites of reconstruction

and implants done for primary tumor resections or revi-

sions; and (4) to evaluate functional results in patients who

had these procedures.

Materials and Methods

Our institutional database was queried for patients receiv-

ing a rotating-hinge GMRS (Stryker Inc, Rutherford, NJ,

USA) knee megaprosthesis from 2003 until 2010. We

chose to initiate this study in 2003 because the first GMRS

was implanted in our institution that year. Inclusion criteria

were the use of this type of modular knee implant for

primary reconstruction of a segmental bone defect or for

revision of a failed segmental reconstruction performed

with a megaprosthesis, allograft, or other method. Mini-

mum followup was 2 years (mean, 4 years; range, 2–

8 years) for inclusion in this study.

From October 2003 to August 2010, 247 knee prosthe-

ses were implanted including 175 primary devices and 72

devices implanted for failure of a previous oncologic

reconstruction. The mean age at surgery was 32 years

(range, 9–81 years). There were 143 male patients and 104

female patients. Anatomic sites of replacement were distal

femur in 187 and the proximal tibia in 60. In all cases,

intraarticular resection of the knee was performed. Indi-

cations for resection and reconstruction included 241

primary bone tumors and six metastatic lesions. Histolog-

ical diagnoses of primary bone tumors were osteosarcoma

in 152 cases, Ewing’s sarcoma in 15, chondrosarcoma in

11, spindle cell sarcoma in 17, other sarcoma in 11, and

giant cell tumor in 35 (Table 1).

Complete followup, including radiographic analysis and

Musculoskeletal Tumor Society (MSTS) scores, was

available on 223 patients (81%) at a minimum of 2 years.

Oncologic outcome, clinical evaluation without radio-

graphic followup, and MSTS scores were available in all

patients.

During this time, we performed 1086 other knee

megaprostheses for oncologic indications, making the

group with this implant 23% of that part of our practice. In

the other 77% of cases we used other types of oncologic

prostheses. Before 2003 we used the older Howmedica
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Modular Resection System (HMRS, Howmedica, Kiel,

Germany) and the Kotz Modular Femur/Tibia Replacement

(KMFR, Howmedica) and from 2003 we used mostly the

GMRS but we continued to use the HMRS in some cases

such as patients with poor prognoses, elderly patients, or

metastatic patients. During this period, our general indi-

cations for using this type of modular prosthesis system

were reconstruction of the limb after resection of bone

malignant tumors, aggressive (Stage 3) benign tumors, and

solitary bone metastases with bone destruction and

impending or actual pathological fracture.

Metastatic lesions resulting in megaprosthetic replace-

ment were lung cancer in one case, breast cancer in one

case, renal cancer in one case, Ewing’s sarcoma in one case,

and metastasis from dedifferentiated tumor in two cases.

This prosthetic system uses metallic housings constructed

of cobalt-chromium-molybdenum and titanium. The knee

articulation is a rotating-hinge design with two polyethylene

bushings in all cases. Stems were cemented in 22 patients and

uncemented in 225. Stem designs were straight with flutes in

241 cases and curved in six cases according to the femoral

anatomy and with hydroxyapatite coating in all cases. The

tibial component was metal in all cases. Adaptors are avail-

able to allow linkage to previous generation implants.

Candidates for cemented fixation were patients with bone

metastases and extensive osteolytic defects such as hemo-

proliferative lesions. Candidates for cementless fixation were

younger patients and patients with primary bone tumors.

Primary implants were used in 175 patients for recon-

struction of the distal femur in 126 cases and reconstruction

of the proximal tibia in 49 cases.

Revision implants were used in 72 patients, previously

treated in our center or in another center, after failure of a

previous distal femur replacement in 61cases and after failure

of a previous proximal tibia replacement in 11 cases. Indica-

tions for revision procedures included 56 failed

megaprostheses, 11 failed allograft reconstructions, and five

failed allograft-prosthesis composites. In all cases we

implanted standard modular implants; custom implants were

not included in the series. All patients had preoperative staging

and planning. Patients with tumor were staged according to

Enneking’s system [14]. Twelve patients with sarcoma were

Stage IA, 106 were Stage IIA, 80 Stage IIB, and 14 were Stage

III. Thirty-five patients had giant cell tumors and all were

considered to have Stage 3 benign-aggressive lesions; one

patient with a giant cell tumor had lung metastases.

In all proximal tibial reconstructions, the extensor

mechanism and wound coverage were performed with

rotation of the gastrocnemius muscle flap in all cases. In five

cases, the gastrocnemius muscle flap and augmentation with

an artificial ligament and/or equine pericardium were used.

Patients were administered preoperative intravenous anti-

biotics and continued to receive antibiotics for 5 days.

Postoperative management included bed rest, analgesia, and

mobilization with a walker or crutches after the second post-

operative day. Patients with proximal tibial replacement were

kept in a straight-leg brace for 6 weeks before initiation of

ROM under the guidance of a physical therapist. Chemical

antithrombosis prophylaxis was given until complete

weightbearing and included low-molecular-weight heparin or

warfarin. Perioperative adjuvant treatments were adminis-

tered to patients with malignant tumors as indicated by tumor

histology and dictated by medical oncology consultants.

All patients received supervised physical therapy for a

minimum of 6 weeks after discharge from the hospital.

Routine followup examinations occurred at 3-month inter-

vals for 3 years, then every 6 months for 2 years, and then

annually. Followup evaluations included physical exami-

nation, radiographs, and disease-specific chest imaging.

Physical functioning was assessed using the MSTS func-

tional rating system.

Causes of megaprosthesis failure were classified according

to Henderson et al. [21] in soft tissues failure (Type 1), aseptic

loosening (Type 2), structural fracture (Type 3), infection (Type

4), and local tumor recurrence (Type 5). Major failures were

considered unplanned revision of any portion of an implant,

removal of the prosthesis, or amputation of the limb. Peripros-

thetic infection was diagnosed through clinical examination,

radiographic studies, and laboratory values including erythro-

cyte sedimentation rate, C-reactive protein, white blood cell

count in joint fluid analysis, and bacterial culture.

When revision surgery was required, we used either a one-

or two-stage procedure. One-stage revision involves

removal of all modular components and polyethylene parts

and accurate débridement of all infected surrounding soft

tissues and the periprosthetic scar tissues. One-stage revision

Table 1. Sex, type of implant, site of reconstruction, and histology

Sex Type of

implant

Sites Diagnoses

Male 144 Primary 175 Distal

femur

187 Osteosarcoma 152

Female 103 Revision 72 Proximal

tibia

60 Spindle cell

sarcoma

17

Ewing sarcoma 15

Chondrosarcoma 11

Metastases 6

Leiomyosarcoma 6

Lymphoma 2

Liposarcoma 1

Radiation-

induced

sarcoma

1

Myeloma 1

Giant cell tumor 35
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of infected tumor prostheses has been recommended for

patients with early or low-grade infection and antibiotic-

sensitive pathogens, poor general condition of the patient,

and long delay of chemotherapy. Two-stage revision

involves complete exchange of all prosthetic components

and use of systemic antibiotics and antibiotic-loaded bone

cement. Two-stage revision is recommended for patients

with persistent and higher-grade infections, antibiotic-

resistant pathogens, or a failed one-stage procedure. Anti-

biotic-loaded bone cement was substituted every 30 to 45

days until the C-reactive protein or white blood cell count

was normal and labeled leukocytes–technetium 99m sulphur

colloid marrow imaging became negative; then a revision

prostheses was implanted. Systemic antibiotics were

administered for at least 6 weeks according to the cultures.

The prostheses used for revisions may be cemented (if no

adequate bone stock remained) or cementless (after infection

healed and there remained a satisfactory quality of bone).

All patients were analyzed with regard to local recurrence,

implant survival, and functional outcome. Megaprostheses

that were performed for revision of a failed reconstruction

were analyzed in terms of the preexisting construct in addi-

tion to the outcome of the revision implant.

Survival was evaluated with Kaplan-Meier actuarial

curves and comparative statistical analysis with the log rank

test [25]. Statistical significance was defined as a p value of

B 0.05. Patients who died with their original implant in

place were censored. Survival time zero was considered the

date of implantation and endpoints were considered implant

failure requiring revision or amputation. Statistical analysis

was performed using MedCalc Software Version 11.1

(MedCalc Software Broekstraat 52, Mariakerke, Belgium).

Statistical analysis of variance for MSTS score was per-

formed using one-way analysis of variance.

Results

Oncologic Outcome

At latest followup, among 175 patients treated at initial

diagnosis for a tumor, 117 are continuously disease-free, 26

have no evidence of disease after treatment of relapse, eight

are alive with disease, and 24 dead with disease. Estimated 4-

year and 8-year survival rates for primary treated patients

were 88% and 85%, respectively. Of 206 patients with a low-

or high-grade sarcoma, 14 (6.8%) developed a recurrence,

and of those, 42 (20.4%) had concomitant systemic metas-

tases. All patients with benign tumors were alive.

Failures and Implant Survival

The overall incidence of failure in our series was 29.1%

(72 of 247); failure occurred at a mean of 3 years (range,

1 month to 7 years) (Table 2). Estimated 4-year and 8-year

survival rates for all types of failure were 70% and 58%,

respectively (Fig. 1; Table 3). The failure rate of primary

implants in our series was 33% (58 of 175) and in revision

implants was 19.4% (14 of 72) (Table 2); in primary

implants, the mean prostheses followup was 3.1 years and

in revision implants was 3.9 years with a significantly

better time to failure for revision implants (one-way ana-

lysis of variance, p = 0.003). Megaprosthesis failures by

anatomic location included 50 distal femoral replacements

and 22 proximal tibial replacements. Megaprosthesis fail-

ures by type of reconstruction included 58 primary

implants and 14 revision implants (Table 2).

Survivorship was better in revision reconstructions than

primary reconstructions (p = 0.013; Fig. 2; Table 3). The

failure rate of revision implants in our series was 19.4% (14

of 72); failure occurred at a mean of 3.7 years (range,

1 month to 7 years).

The failure rate of distal femoral replacements was

26.7% (50 of 187); failure occurred at a mean of 3 years

(range, 1 month to 8 years). The failure rate of proximal

tibia replacements was 36.7% (22 of 60); failure occurred

at a mean of 2.7 years (range, 1 month to 8 years). There

was not a difference in implant survival rates between the

sites of reconstruction (p = 0.1432) (Fig. 3; Table 3).

Failed primary megaprostheses requiring revision

included 18 Type 1 failures (10.3%), nine Type 2 failures

(5.1%), 20 Type 4 failures (11.4%), and 11 Type 5 failures

(6.3%); there were no cases of Type 3 failures (Table 2).

Table 2. Causes of endoprosthesis failure

Type or site of implant

(number of cases)

Type 1

(soft tissue

failure)

Type 2

(aseptic

loosening)

Type 3

(structural

failure)

Type 4

(infection)

Type 5

(tumor

recurrence)

All types

(risk)

Primary implants (175) 18 (10.3%) 9 (5.1%) – 20 (11.4%) 11 (6.3%) 58 (33%)

Revisions (72) 3 (4.2%) 5 (6.9%) – 3 (4.1%) 3 (4.1%) 14 (19.4%)

Distal femur (187) 13 (7%) 10 (5.3%) – 16 (8.5%) 11 (5.9%) 50 (26.7%)

Proximal tibia (60) 8 (13.3%) 4 (6.6%) – 7 (11.6%) 3 (5%) 22 (36.7%)

Overall (247) 21 (8.5%) 14 (5.7%) – 23 (9.3%) 14 (5.7%) 72 (29.1%)
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Type 1 failure (soft tissue failure) occurred at a mean of

1 year (range, 1 month to 3.8 years). Estimated 4-year and

8-year survival rates to Type 1 failure were 90% (Table 3).

Soft tissue failure occurred in 18 primary implants (10.3%)

and in three revision implants (4.2%), in 13 distal femur

(7%), and in eight proximal tibia (13.3%). In distal femur

reconstruction, the most frequent Type 1 complication was

superficial infection, hematoma, and wound dehiscence

(eight of 13 cases) that was treated with débridement. In

proximal tibia reconstructions, the most frequent Type 1

failure was superficial infection and hematoma (five of 10

cases) and detachment of the patellar tendon (four of 10

cases); in all cases of patellar tendon detachment, revision

surgery was done with reattachment of the tendon; in three

cases, the extension lag was less than 20�, whereas in one

case, the extension lag was 40�.

Type 2 failure (aseptic loosening) occurred at mean of

4.5 years (range, 1 month to 8 years). Estimated 4-year

and 8-year survival rates to Type 2 failure were 92% and

85%, respectively (Table 3). Aseptic loosening occurred in

Fig. 1 The Kaplan-Meier actuarial curve shows overall implant

survival to all types of failure of 70% and 58%, respectively, at 4 and

8 years.

Table 3. Implant survival by type of failure, comparison between

types, and sites of reconstruction

Type of

failure

Implant

survival

at 4 years

Implant

survival

at 8 years

p value

(primary

versus

revision)

p value (distal

femur versus

proximal tibia)

All modes of

failure, all

series

70% 58% 0.013 0.143

All modes of

failure,

primary

implants

65% 52%

All modes of

failure,

revision

implants

80% 72%

All modes of

failure,

distal femur

73% 60%

All modes of

failure,

proximal

tibia

64% 47%

Type 1, all

series

90% 90% 0.084 0.112

Type 2 92% 85% 0.985 0.557

Type 3 – – – –

Type 4 90% 80% 0.047 0.399

Type 5 93% 91% 0.332 0.828

Type 2–3–4 84% 69% 0.124 0.304

Fig. 2 The Kaplan-Meier actuarial curves show a significant differ-

ence in implant survival to all complications between the types of

reconstruction (p = 0.013) with better results for revision implants.

Fig. 3 The Kaplan-Meier actuarial curves show a nonsignificant

difference in implant survival to all complications between distal

femur and proximal tibia reconstructions (p = 0.1432).
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nine primary implants (5.1%) and in five revision implants

(6.9%), in 10 distal femur (5.3%), and in four proximal

tibia (6.6%) with no difference in survival to Type 2 failure

between the types and the sites of reconstruction (Table 3).

In all cases, revision surgery was performed with excellent

functional results.

Type 4 failure (infection) occurred at a mean of 3.2 years

(range, 1 month to 7.3 years). Estimated 4-year and 8-year

survival rates to Type 4 failure were 90% and 80%, respec-

tively (Table 3). Deep infection occurred in 20 primary

implants (11.4%) and in three revision implants (4.1%), in 16

distal femur (8.5%), and in seven proximal tibia (11.6%).

Survivorship to infection was better in revision reconstruc-

tions than primary reconstructions (p = 0.0475; Fig. 4;

Table 3). Infection was the most common failure mode

(Table 2); however, 20 patients with a deep infection were

able to have successful revision of their prosthesis. Six

patients were managed with a one-stage revision and 18

patients had a two-stage procedure. Four patients had salvage

with conversion of the prosthesis to an arthrodesis.

Type 5 failure (local tumor recurrence) occurred at

mean of 3.4 years (range, 1 month to 8 years). Estimated

4-year and 8-year survival rates to Type 5 failure were 93%

and 91%, respectively (Table 3). Local recurrence occur-

red in 11 primary implants (6.3%) and in three revision

implants (4.1%), in 11 distal femur (5.9%), and in three

proximal tibia (5%) with no difference in survival to Type

5 failure between the types and the sites of reconstruction

(Table 3). Excision of local recurrence was done in nine

patients, whereas five patients underwent amputation.

When only the ‘‘classically’’ defined major causes of

failures were considered (infection, aseptic loosening, and

breakage), that is in the absence of Type 1 (soft tissue

failure) and Type 5 (local tumor recurrence) failures, the

overall implant survival was 84% and 69%, respectively, at

4 and 8 years with no difference in survival between the

types and the sites of reconstructions (p = 0.124 and

p = 0.304, respectively) (Fig. 5; Table 3).

Functional Results

Functional MSTS II scores were obtained in 223 of 247

(81%) patients; the average overall score was 25.2 (range,

8–30). Results were excellent (from 76% to 100%) in 179

(80.2%), good (from 51% to 75%) in 37 patients (16.6%),

fair (from 26% to 50%) in six patients (2.7%), and poor in

one patient (0.5%); results were good or excellent in 97%

of cases. There was no difference related to reconstructive

sites; the mean MSTS score was 24.7 in proximal tibia

reconstruction and 25.4 in distal femur reconstruction

(p = 0.306). There was no difference related to primary

implants (mean MSTS II score of 25.3) and in revision

implants (mean MSTS score of 24.8) (p = 0.435).

Discussion

The introduction of adjuvant and neoadjuvant chemotherapy

for bone sarcomas allowed resection and reconstruction

instead of amputation as surgical treatment in most cases of

bone sarcomas around the knee [2–5, 8, 12, 28]. Currently,

limb salvage procedures are performed in 85% to 95% of

patients without impairment of oncologic result compared

with amputation in uncontrolled studies [2, 5, 12, 13, 16, 45].

Megaprostheses have been used more frequently in the last

three decades and are now the most common method of

reconstruction after segmental resection of the long bones in

Fig. 4 The Kaplan-Meier actuarial curves show a significant differ-

ent of survival to Type 4 failure between the types of reconstruction

(p = 0.0475) with better results for revision implants.

Fig. 5 The Kaplan-Meier actuarial curve shows overall implant

survival to all major complications (infection, aseptic loosening, and

breakage) of 84% and 69%, respectively, at 4 and 8 years.
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the lower extremity [7, 11, 12, 41, 42]. Several types of

modular prostheses are available; however, failures such as

infection, aseptic loosening, and mechanical failure can

occur with metallic megaprostheses. In the literature, fail-

ures of megaprosthetic reconstructions range from 40% to

73% at 5 to 15 years [16, 30, 36, 45]. We therefore sought to

evaluate the results of a modular tumor prosthesis after

resection of bone tumor around the knee with respect to (1)

survivorship; (2) failures; (3) comparative survivorship

between different sites of reconstructions and of primary and

revision implants; and (4) functional results on the MSTS

scoring system. We hypothesized that infection would be the

most common mode of failure and higher in proximal tibia

and primary implants and that rotating-hinge knees reduce

the incidence of aseptic loosening and breakage.

This investigation has several limitations that require

discussion. First, it is a retrospective, nonrandomized case

series subjecting it to potential recall and selection biases.

Second, although comparisons were drawn between

patients with primary and revision implants and distal

femur and proximal tibia reconstructions, this study lacked

a true control group. Third, the tumors of the patients

included in this study are heterogeneous in terms of bio-

logical behavior and stage; this also precluded us from

including adjuvants as variables in our survival analysis.

The present study includes patients with metastatic bone

disease and aggressive benign bone tumors at both ends of

the biologic spectrum and patients with all three stages of

sarcoma. Some patients were administered chemotherapy

that may affect the results. Some had predictably long life

expectancy and others quite short. Unavoidably, the inter-

pretation of the reconstructive outcomes in this study is

affected by the oncologic interventions and results. Fourth

we did not have radiographs at followup on all patients,

and we had MSTS scores only on 84% of patients.

As a result of uncontrolled variables such as adjuvant

treatments and cemented/cementless fixation, the study is

underpowered to detect some differences and the risk of a

statistical error is substantial. However, we opted to

include all our patients with distal femur and proximal

tibial resections treated with this megaprosthetic recon-

structions aiming to address important questions regarding

the outcome of the reconstructions in this location. Fur-

thermore, we believe because randomized controlled trials

to determine the optimum reconstruction methods after

distal femur and proximal tibial resections are not avail-

able, even with these limitations, our results may be useful.

Previous studies reported that the 5-year survival rate for

bone sarcomas was approximately 60% to 70% after limb

salvage procedures [2, 5, 13, 36, 45]. In line with the lit-

erature, in our series, overall survival for primary treated

patients was 88% and 85%, respectively, at 4 and 8 years

without impairment of local recurrence results compared

with amputation [8, 26, 31, 38]. Admittedly, because our

series is a heterogeneous group of neoplasms, we cannot

directly compare our results with those in the literature.

Megaprostheses have a higher failure risk than con-

ventional total knee systems [20] as a result of the high

incidence of infection, mechanical failure, and loosening.

The failure rates in the literature range from 25% to 92%

[6, 7, 18–20, 23, 28, 31, 32, 36, 41, 42], but a comparison is

not always possible as a result of the different definitions

and classification systems used. We classified the causes of

megaprosthesis failure as described previously by Hen-

derson et al. [21] in a multicentric study.

In our series the infection rate in the primary implant

was 11.4% and in revisions 4.1%; the survivorship to

infection for revision implants was longer than primary

reconstructions (p = 0.0475). In the literature, infection

has been reported to be the most common mode of failure,

ranging between 5% and 40%, for megaprostheses and has

a substantial effect on ultimate patient outcome [1, 16–18,

21, 22, 24, 27, 43, 45]. The infection rate of primary

megaprostheses in the literature was reported from 2% to

20% and increases to 43% after revision surgery [1, 6, 7, 9,

16–19, 23, 24, 27, 32, 35, 36, 41, 42, 45]. This supports the

contention that the immunosuppression caused by the

chemotherapy in those patients who receive drugs, exten-

sive resection of bone and soft tissues, longer operative

time for the resection of the tumor, and the patient’s gen-

eral conditions increase the risk of infection in primary

treated patients [1, 15–18, 22, 24, 27, 29, 33, 34, 44, 45].

The infection rate of distal femur megaprostheses in the

literature was reported as approximately 5.5% and in

proximal tibia ranged from 3.6% to 40% [17, 21, 22, 43]. In

our series the infection rate in distal femurs was 8.5% and

in proximal tibias 11.6% with no difference between the

sites of reconstruction (p = 0.399). In the proximal tibia,

the risk of infection has been related to the relative lack of

wound coverage and unreliable options for extensor

mechanism reconstruction [30]. The medial gastrocnemius

flap is considered valuable for both reconstruction of the

extensor mechanism and adequate coverage of the pros-

theses [30], which likely reduces the infection rate.

A two-stage revision was performed in 18 cases of deep

infection and a new prosthesis was implanted in 20 of 25

cases of deep infection (80%). Two-stage revision is rec-

ommended for deep infection of megaprostheses when

infection is diagnosed late (ie, greater than 1 month after

the initial placement of the prosthesis), whereas one-stage

revision may have success in acutely diagnosed infection

(ie, those with infections diagnoses less than 1 month from

the initial procedure) [17, 18, 40].

In this study, the incidence of Type 2 failure (aseptic

loosening) was 5.7% overall at a mean of 4.5 years post-

operatively with no difference between sites (distal femur
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versus proximal tibia) and types (primary versus revision

implant). Aseptic loosening remains a common cause of

implant failure in the current generation of implants. In the

literature, an incidence of aseptic loosening from 4.9% to

9.6% has been reported [1, 15, 32, 37, 40, 41, 43]. In distal

femur replacement, aseptic loosening is approximately 6%

[21] and in the proximal tibia, the range in the literature is

between 5% and 6% [17, 18, 29, 30].

Breakage of the prosthetic component (Type 3 failure)

did not occur in our series. In the meta-analysis of the

literature published by Henderson et al. [21], the rate of

Type 3 failure in distal femur reconstruction was 6.3%,

whereas in the proximal tibia, the range in the literature

was between 2% and 12% [1, 15–17, 22].

Most of the studies concerning prosthetic reconstruc-

tions previously published considered only the major

failures such as infection, aseptic loosening, and breakage

[1, 6, 7, 10, 16, 19, 23, 26, 30, 32–35, 37, 40, 42, 45]. The

survival to major complications range in the literature was

from 45% to 93% at 5 years; in particular, from 45% to

70% in the proximal tibia [17, 30, 43] and from 77 to 93%

in distal femur replacements [1, 16, 21, 41].

For the reader to compare our results with those of the

prior literature, we excluded soft tissue failures and local

recurrence to see more directly how our results compare

with the literature. In this study, the overall implant sur-

vival to all major causes of failure (infection, aseptic

loosening, and breakage) was 84% and 69%, respectively,

at 4 and 8 years with no difference between the sites

(Table 3). These survival rates are higher than survival to

aseptic loosening and breakage in fixed-hinge knee mega-

prostheses [40], likely as a result of reduced mechanical

torsional stresses at the bone-stem interface provided by

the rotating hinge of the knee [6, 7].

In rotating-hinge knee prostheses, the hinge component

provides stability and the rotating component allows a fair

amount of rotation (when the knee is flexed, it allows 15� of

internal rotation and 15� of external rotation), providing

functional advantages compared with a fixed hinge [30, 40].

In our series, functional results were good or excellent in

97% of the cases with no difference between sites (distal

femur, proximal tibia) (p = 0.306) or types (primary,

revision) (p = 0.435) of reconstruction. The mean MSTS

function for the patients with distal femur megaprosthetic

reconstructions ranges in the literature from 78% to 86%

[10, 16, 35] and in our series, it is 85% (25.4 of 30). The

mean MSTS function for the patients with proximal tibial

megaprosthetic reconstructions ranges in the literature

from 65% to 95% [13, 17, 22, 30] and in our series, it is

82% (24.7 of 30).

In conclusion, the results at a minimum of 2 years with

the GMRS modular prosthesis for the distal femur and

proximal tibia are promising with a relatively low

incidence of failures. Infection was the most frequent cause

of failure. We noted better results for revision implants and

in our series, there were no differences in survival time to

infection between distal femur and proximal tibia recon-

struction. The incidence of aseptic loosening with this

prosthesis appears to be low without a difference between

distal femur and proximal tibia reconstruction and there

were no mechanical failures of a prosthetic component in

our series. We believe these results are likely the result of

the use of a rotating-hinge knee system for the knee and

cementless stems that reduce mechanical torsional stresses

at the bone-stem interface that cause loosening and

breakage. Functional results were good or excellent in 97%

and satisfactory in both sites of reconstruction.
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