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Background: The use of megaprostheses in nononcologic patients has been associated with complication
rates greater than 50%. In patients with prior periprosthetic joint infection (PJI) with subsequent two-
stage reimplantation, this complication rate may be even higher. This study was to investigate the
outcomes of megaprostheses in nononcologic patients undergoing revision hip/knee arthroplasty.
Methods: We retrospectively studied patients who underwent megaprosthesis replacements from 1999
to 2017 at 5 hospitals with minimum 24 months of follow-up. Patients were stratified based on history of
prior PJI (septic vs aseptic) and location of the megaprosthesis (the hip or knee). Postoperative com-
plications were classified as soft-tissue failure, aseptic loosening, structural failure, and infection.
Results: Of the 42 patients, 19 were in the septic cohort and 23 were in the aseptic cohort. The overall
complication rate was 28.6%. Complication rates for the septic and aseptic cohorts were 32% and 26%,
respectively (P ¼ .74). By anatomic location, there were 2 of 13 (15%) and 10 of 29 (34%) complications in the
hip and knee groups, respectively (P ¼ .28). In the septic cohort, there were no (0%) complications in the hip
group and 6 of 14 (43%) complications in the knee group (P ¼ .13), all due to infection. In the aseptic cohort,
there were 2 of 8 (25%) and 4 of 15 (27%) complications in the hip and knee groups, respectively (P ¼ 1.0).
Conclusions: There is no difference in the postoperative complication rates between the septic or aseptic
cohorts undergoing revision hip or knee megaprosthesis replacements. In patients with prior PJI,
proximal femoral replacements have improved short-term survivorship compared with distal femoral or
proximal tibial replacements.
© 2020 The Authors. Published by Elsevier Inc. on behalf of The American Association of Hip and Knee
Surgeons. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
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Table 1
Patient demographics of the septic and aseptic cohorts.

Demographics Total Septic cohort (n ¼ 19) Aseptic cohort (n ¼ 23) P-value

Age (mean ± SD) 60.0 ± 17.7 52.5 ± 18.5 66.1 ± 14.8 .01
Female (n) 26 10 16 .34
ASA 2.6 2.7 .52
Patients with comorbidities (n)
Smoker 10 3 7 .30
Diabetes 9 4 5 1
Hypertension 25 11 14 1
Coronary artery disease 6 2 4 .67
Myocardial infarction 3 1 2 1
Chronic obstructive pulmonary disease (COPD) 2 0 2 .49
Chronic kidney disease (CKD) 4 3 1 .31

Estimated blood loss (mL) (mean ± SD) 611 ± 628 614 ± 522 609 ± 715 .98
Average follow-up in months (mean ± SD) 60.3 ± 43.5 67.0 ± 42.8 54.7 ± 44.2 .37
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arthroplasty with proximal and distal femoral replacements can
allow for early mobilization and quicker return of function in
comparison with cases where internal fixation or bulk allograft
reconstruction may require protected postoperative weight-
bearing [4-7]. However, megaprosthesis failure rates are signifi-
cant and have been reported higher than 50%, with infection being
the leading cause [4,5,8-10]. Henderson et al. classified failure of
these implants in nononcologic patients into 4 main types: (1) soft-
tissue failure, (2) aseptic loosening, (3) structural failure, and (4)
infection [11].

Recent studies have shown that oncologic patients undergoing
revision to megaprosthesis with a history of periprosthetic joint
infection (PJI) experienced higher postoperative complication rates
than for aseptic indications [8,11]. To our knowledge, no previous
study has determined the complication rates for megaprostheses
around the hip and knee in nononcologic patients. The purpose of
the present study was to compare the postoperative outcomes of
megaprostheses in nononcologic patients undergoing revision hip
or knee arthroplasty in septic and aseptic cohorts.

Material and methods

Patient selection

A retrospective, multicenter review was performed on a
consecutive series of patients who underwent revision arthroplasty
with proximal femoral, distal femoral, or proximal tibial
Septic Ind
Megaprosthesis Complic

Hip Group

Total: 5 patients
Megaprosthesis Complication: 0/5 patients

Figure 1.. Stratification o
replacement megaprosthesis by 1 of 6 surgeons at 5 academic
medical centers between January 1999 and December 2017. Inclu-
sion criteria were age greater than or equal to 18 years; failed total
hip or knee arthroplasty due to osteolysis, fracture, joint instability,
or PJI; and minimum follow-up of at least 24 months. PJI was
defined based on the 2018 Musculoskeletal Infection Society
criteria. Patients with a prior history of PJI in the operative joint
were stratified to the septic cohort, and those without any prior
infection were stratified to the aseptic cohort. In the septic cohort,
all patients underwent a two-stage revision. Reimplantation was
performed in all cases after inflammatory markers normalized and
after a negative aspiration while off antibiotics for a minimum of 2
weeks. Exclusion criteria were total femur replacements and
oncologic cases. Institutional review board approval was obtained
at each of the 5 institutions.

Outcome assessment

We compared the demographics and surgical outcomes be-
tween 2 patient groups characterized by the location of their
megaprosthesis: the hip group included proximal femoral re-
placements, and the knee group included distal femoral and
proximal tibial replacements. Patient characteristics (age, sex,
comorbidities, and estimate blood loss during surgery) were
evaluated. Postoperative complications were identified based on
follow-up clinic visits, unexpected readmissions, and reopera-
tions. We classified postoperative complications into 4 types
ication
Total: 19 patients

ation: 6/19 patients

Knee Group
Total: 14 patients

Megaprosthesis Complication: 6/14 patients
Complication type: 6 Infection 

f the Septic Cohort.



Aseptic Indication
Total: 23 patients

Megaprosthesis Failure: 6/23 patients 

Hip Group
Total: 8 patients

Megaprosthesis Complication: 2/8 patients
Complication Type: 1 Infection, 1 Aseptic loosening

Knee Group
Total: 15 patients

Megaprosthesis Complication: 4/15 patients
Complication Type: 1 Structural Failure, 3 Infection

Figure 2.. Stratification of the Aseptic Cohort.
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based on the Henderson classification: (1) soft-tissue failure
(instability, tendon rupture, and wound dehiscence), (2) aseptic
loosening (determined by clinical and radiographic evidence), (3)
structural failure (periprosthetic fractures), and (4) infection
(requiring removal of device) [11].

Statistical analysis

Proportions and percentages were used to determine compli-
cation rates. Fisher's exact test was used to detect if a statistically
significant difference was present in the complications rates in the
subgroup analysis (a ¼ 0.05).

Results

Of the 42 patients in the study, 16 (38%) were male and 26
(62%) were female. The mean age at time of revision surgery was
60 years (standard deviation: 17.7). Patients were operated on at 1
of the 5 academic medical centers, including Boston Medical
Center (n ¼ 3), Beth Israel Deaconess Medical Center (n ¼ 16),
Massachusetts General Hospital (n ¼ 12), New England Baptist
Hospital (n ¼ 3), and Tufts Medical Center (n ¼ 8). The average
time to final follow-up was 60 months. Table 1 compares patient
demographics between the septic and aseptic cohorts. Besides
age, there was no statistically significant difference between the
groups with respect to the gender; American Society of Anesthe-
siologists (ASA) class; smoking status; diabetes; or cardiac, res-
piratory, or renal disease.

There were 19 (45%) patients in the septic cohort and 23 (55%)
patients in the aseptic cohort. Causes for revision in the aseptic
cohort were fracture (13), joint instability (6), and osteolysis (4).
Within the septic cohort, 5 (26%) patients and 14 (74%) patients
Table 2
Complication rates subdivided based on the Henderson classification.

Presence of infection or
the location of the
implant (the number of
cases)

Type 1
(soft-
tissue
failure)

Type 2
(aseptic
loosening)

Type 3
(structural
failure)

Type 4
(infection)

All types
(risk)

Septic (19) - - - 6 (100%) 6 (31.6%)
Aseptic (23) - 1 (16.7%) 1 (16.7%) 4 (66.7%) 6 (26.1%)
Hip (13) - 1 (50%) - 1 (50%) 2 (15.4%)
Knee (29) - - 1 (10%) 9 (90%) 10 (34.5%)
Overall (42) - 1 (8.3%) 1 (8.3%) 10 (83.3%) 12 (28.6%)
received megaprosthesis replacements of the hip and knee,
respectively (Fig. 1). Within the aseptic cohort, 8 (35%) patients and
15 (65%) patients received megaprosthesis replacements of the hip
and knee, respectively (Fig. 2).

Table 2 shows the overall complication rates in the study
cohort. Tables 3-5 show the complication rates within each cohort
and based on the anatomic location of the implant. There was no
statistically significant difference between overall complication
rates in the septic and aseptic cohorts (P ¼ .74). In the subgroup
analysis, 100% (6/6) and 67% (4/6) of septic and aseptic cohort
complications were due to infection, respectively. In addition, 50%
(1/2) and 90% (9/10) of the hip and knee group complications were
due to infection, respectively. All 6 complications in the septic
cohort knee group were due to infection. There were no compli-
cations in the septic cohort hip group. The difference in the
complication rates between the septic cohort hip and knee groups
was trending toward significance (P ¼ .13) (Table 4).

The aseptic cohort had 2 complications (1 infection and 1 aseptic
loosening) in the hip group and 4 complications (3 infections and 1
structural failure) in the knee group. The difference in complication
rates between the aseptic cohort hip and knee groups was not sta-
tistically significant (P ¼ 1.0) (Table 5). Furthermore, an analysis
based on the anatomic location of the megaprosthesis showed no
statistical difference in the complication rateswhen subdivided into
septic or aseptic indications (Tables 6-8).
Discussion

In our retrospective series of 42 lower extremitymegaprosthesis
replacements for nononcologic conditions, patients with a prior
history of PJI demonstrated equivalent short-term survivorship to
their aseptic counterparts. In addition, hip megaprostheses had a
lower complication rate than kneemegaprostheses in patients with
a prior PJI, although this did not reach statistical significance. The
leading cause of complication in the septic cohort was infection,
whereas aseptic loosening, structural failure, and infection were
predominant causes in the aseptic cohort.
Table 3
Complications in the septic and aseptic cohorts.

Sepsis Septic Aseptic Fisher’s exact test

Complication 6 6 P ¼ .74
No complication 13 17



Table 4
Complications in the septic cohorts by the location.

Joint Septic hip Septic knee Fisher’s exact test

Complication 0 6 P ¼ .13
No complication 5 8

Table 6
Complications in the hip megaprostheses.

Septic hip Aseptic hip

Complication 0 2
No complication 5 6

Fisher’s exact test, P-value ¼ .49.

Table 7
Complications in the knee megaprostheses.

Septic knee Aseptic knee

Complication 6 4
No complication 8 11

Fisher’s exact test, P-value ¼ .45.

Table 8
Complications in the hip and knee megaprostheses.

Hip Knee

Complication 2 10
No complication 11 19

Fisher’s exact test, P-value ¼ .28.
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There have been several reports on clinical outcomes of mega-
prosthesis implantation in nononcologic patients [5,12-16]. Parvizi
et al. studied 48 patients who underwent revision arthroplasty
with proximal femoral replacement for nononcologic conditions
[16]. Approximately 21% patients underwent revision because of
complication with survivorship of the implant at 87% at 1 year and
73% at 5 years [16]. Korim et al. performed a review of 14 similar
studies, with an average follow-up of 3.8 years in 356 proximal
femoral replacements [15]. In their review, there was a 23.8%
reoperation rate, and the most common complications were
dislocation (15.7%) and infection (7.6%) [15]. The present study has a
similar overall complication rate to the current literature. In addi-
tion, a strength of this study is the subgroup analysis of patients
with history of prior PJI and aseptic causes, representing one of the
largest series to date.

High complication rates for distal femoral replacement have
been demonstrated in several studies [5,12,13]. Despite this, authors
highlight the benefits of improved patient-reported outcomes,
earlier mobilization, and limb salvage as reasons to consider a
megaprosthesis in appropriately selected patients. In a study by
Vertesich et al., 43% patients required revision surgery with more
than 25% due to infection [12]. Revision-free survival was 74.8%,
62.5%, and 40.9% at 1, 3, and 10 years, respectively [12]. Toepfer et al.
had a 64.6% complication rate in a cohort of distal femur re-
placements, most commonly due to mechanical failure, soft-tissue
failure, and aseptic loosening [13]. Holl et al. reported a 52%
complication rate in their cohort of distal femur and proximal tibia
replacements [5]. Most importantly, all these studies showed a
statistically significant improvement in patient-reported outcomes
after distal femoral replacement [5,12,13]. Comparatively, the pre-
sent study has a lower complication rate (34%) in the distal femoral
replacement group, inclusive of septic and aseptic indications. Our
hypothesis is that improved tissue handling, modern prosthesis
design, and improved Musculoskeletal Infection Society criteria to
rule out infection before reimplantation may explain the lower
complication rate. Specifically, implants with improved component
modularity allowing better reproduction of native patient anatomy,
polyethylene design, and improved metallurgy have shown prom-
ising outcomes in midterm studies [17-19]. However,
prospective studies and long-term follow-up are needed to confirm
this trend.

There are several limitations to this study. First, its retrospective
nature may not have captured all the differences between the
septic and aseptic cohorts. Second, given the relatively uncommon
occurrence of hip and knee megaprostheses, our sample size was
small. However, this is comparable to cohort sizes in prior studies.
Moreover, our data are pooled from multiple academic
institutions, which increases the generalizability. Finally, patient-
Table 5
Complications in the aseptic cohorts by the location.

Joint Aseptic hip Aseptic knee Fisher’s exact test

Complication 2 4 P ¼ 1
No complication 6 11
related functional outcomes assessed by questionnaires were not
measured.

Conflict of interest

The authors declare there are no conflicts of interest.

Conclusions

In conclusion, there is no difference in postoperative compli-
cation rates between the nononcologic septic or aseptic cohorts
undergoing revision hip or knee arthroplasty withmegaprostheses.
For patients with prior PJI, proximal femoral replacements have
improved short-term survivorship compared with distal femoral or
proximal tibial replacements.

References

[1] Gkavardina A, Tsagozis P. The use of megaprostheses for reconstruction of
large skeletal defects in the extremities: a critical review. Open Orthop J
2014;8:384.

[2] Mavrogenis AF, Ruggieri P, Mercuri M, Papagelopoulos PJ. Megaprosthetic
reconstruction for malignant bone tumors: complications and outcomes.
J Long Term Eff Med Implants 2008;18:239.

[3] Calori GM, Colombo M, Malagoli E, Mazzola S, Bucci M, Mazza E. Megapros-
thesis in post-traumatic and periprosthetic large bone defects: issues to
consider. Injury 2014;45(Suppl 6):S105.

[4] Lozano Calder�on SA, Kuechle J, Raskin KA, Hornicek F. J. Lower extremity meg-
aprostheses in orthopaedic oncology. J Am Acad Orthop Surg 2018;26:e249.

[5] H€oll S, Schlomberg A, Gosheger G, et al. Distal femur and proximal tibia
replacement with megaprosthesis in revision knee arthroplasty: a limb-saving
procedure. Knee Surg Sports Traumatol Arthrosc 2012;20:2513.

[6] Cheng EY, Thompson RC. Proximal femoral replacement. Am J Orthop (Belle
Mead NJ) 2002;31:193.

[7] De Martino I, D'Apolito R, Nocon A, Sculco T, Sculco P, Bostrom M. Proximal
femoral replacement in non-oncologic patients undergoing revision total hip
arthroplasty. Int Orthop 2018;43:2227.

[8] Pala E, Trovarelli G, Angelini A, Maraldi M, Berizzi A, Ruggieri P. Megapros-
thesis of the knee in tumor and revision surgery. Acta Biomed 2017;88:129.

[9] De Gori M, Scoccianti G, Frenos F, et al. Modular endoprostheses for non-
neoplastic conditions: midterm complications and survival. Biomed Res Int
2016;2016:2606521.

[10] Roman�o CL, Roman�o D, Logoluso N, Meani E. Septic versus aseptic hip revi-
sion: how different? J Orthop Traumatol 2010;11:167.

[11] Henderson ER, Groundland J, Pala E, et al. Failure mode classification for tu-
mor endoprostheses: retrospective review of five institutions and a literature
review. J Bone Joint Surg Am 2011;93:418.

http://refhub.elsevier.com/S2352-3441(20)30088-1/sref1
http://refhub.elsevier.com/S2352-3441(20)30088-1/sref1
http://refhub.elsevier.com/S2352-3441(20)30088-1/sref1
http://refhub.elsevier.com/S2352-3441(20)30088-1/sref2
http://refhub.elsevier.com/S2352-3441(20)30088-1/sref2
http://refhub.elsevier.com/S2352-3441(20)30088-1/sref2
http://refhub.elsevier.com/S2352-3441(20)30088-1/sref3
http://refhub.elsevier.com/S2352-3441(20)30088-1/sref3
http://refhub.elsevier.com/S2352-3441(20)30088-1/sref3
http://refhub.elsevier.com/S2352-3441(20)30088-1/sref4
http://refhub.elsevier.com/S2352-3441(20)30088-1/sref4
http://refhub.elsevier.com/S2352-3441(20)30088-1/sref4
http://refhub.elsevier.com/S2352-3441(20)30088-1/sref5
http://refhub.elsevier.com/S2352-3441(20)30088-1/sref5
http://refhub.elsevier.com/S2352-3441(20)30088-1/sref5
http://refhub.elsevier.com/S2352-3441(20)30088-1/sref5
http://refhub.elsevier.com/S2352-3441(20)30088-1/sref6
http://refhub.elsevier.com/S2352-3441(20)30088-1/sref6
http://refhub.elsevier.com/S2352-3441(20)30088-1/sref7
http://refhub.elsevier.com/S2352-3441(20)30088-1/sref7
http://refhub.elsevier.com/S2352-3441(20)30088-1/sref7
http://refhub.elsevier.com/S2352-3441(20)30088-1/sref8
http://refhub.elsevier.com/S2352-3441(20)30088-1/sref8
http://refhub.elsevier.com/S2352-3441(20)30088-1/sref9
http://refhub.elsevier.com/S2352-3441(20)30088-1/sref9
http://refhub.elsevier.com/S2352-3441(20)30088-1/sref9
http://refhub.elsevier.com/S2352-3441(20)30088-1/sref10
http://refhub.elsevier.com/S2352-3441(20)30088-1/sref10
http://refhub.elsevier.com/S2352-3441(20)30088-1/sref10
http://refhub.elsevier.com/S2352-3441(20)30088-1/sref10
http://refhub.elsevier.com/S2352-3441(20)30088-1/sref11
http://refhub.elsevier.com/S2352-3441(20)30088-1/sref11
http://refhub.elsevier.com/S2352-3441(20)30088-1/sref11


E.L. Smith et al. / Arthroplasty Today 6 (2020) 475e479 479
[12] Vertesich K, Puchner SE, Staats K, et al. Distal femoral reconstruction following
failed total knee arthroplasty is accompanied with risk for complication and
reduced joint function. BMC Musculoskelet Disord 2019;20(1):47.

[13] Toepfer A, Harrasser N, Schwarz P-R, et al. Distal femoral replacement with
the MML system: a single center experience with an average follow-up of 86
months. BMC Musculoskelet Disord 2017;18(1):206.

[14] Toepfer A, Harrasser N, Petzschner I, et al. Short- to long-term follow-up of
total femoral replacement in non-oncologic patients. BMC Musculoskelet
Disord 2016;17(1):498.

[15] Korim MT, Esler CNA, Ashford RU. Systematic review of proximal femoral
arthroplasty for non-neoplastic conditions. J Arthroplasty 2014;29(11):2117.
[16] Parvizi J, Tarity TD, Slenker N, et al. Proximal femoral replacement in pa-
tients with non-neoplastic conditions. J Bone Joint Surg Am 2007;89(5):
1036.

[17] Callaghan J, Cuckler J, John M, et al. How have alternative bearings (such as
metal-on-metal, highly cross-linked polyethylene, and ceramic-on-ceramic)
affected the prevention and treatment of osteolysis? J Am Acad Orthop Surg
2008;16:33.

[18] DeRogatis M, Wintermeyer E, Sperring T, et al. Modular fluted titanium stems
in revision hip arthroplasty. J Arthroplasty 2019;101(8):745.

[19] Deirmengian G, Zmistowski B, O’Neil J, et al. Management of acetabular bone
loss in revision total hip arthroplasty. J Arthroplasty 2011;93(19):1842.

http://refhub.elsevier.com/S2352-3441(20)30088-1/sref12
http://refhub.elsevier.com/S2352-3441(20)30088-1/sref12
http://refhub.elsevier.com/S2352-3441(20)30088-1/sref12
http://refhub.elsevier.com/S2352-3441(20)30088-1/sref13
http://refhub.elsevier.com/S2352-3441(20)30088-1/sref13
http://refhub.elsevier.com/S2352-3441(20)30088-1/sref13
http://refhub.elsevier.com/S2352-3441(20)30088-1/sref14
http://refhub.elsevier.com/S2352-3441(20)30088-1/sref14
http://refhub.elsevier.com/S2352-3441(20)30088-1/sref14
http://refhub.elsevier.com/S2352-3441(20)30088-1/sref15
http://refhub.elsevier.com/S2352-3441(20)30088-1/sref15
http://refhub.elsevier.com/S2352-3441(20)30088-1/sref16
http://refhub.elsevier.com/S2352-3441(20)30088-1/sref16
http://refhub.elsevier.com/S2352-3441(20)30088-1/sref16
http://refhub.elsevier.com/S2352-3441(20)30088-1/sref17
http://refhub.elsevier.com/S2352-3441(20)30088-1/sref17
http://refhub.elsevier.com/S2352-3441(20)30088-1/sref17
http://refhub.elsevier.com/S2352-3441(20)30088-1/sref17
http://refhub.elsevier.com/S2352-3441(20)30088-1/sref18
http://refhub.elsevier.com/S2352-3441(20)30088-1/sref18
http://refhub.elsevier.com/S2352-3441(20)30088-1/sref19
http://refhub.elsevier.com/S2352-3441(20)30088-1/sref19

	Survivorship of Megaprostheses in Revision Hip and Knee Arthroplasty for Septic and Aseptic Indications: A Retrospective, M ...
	Introduction
	Material and methods
	Patient selection
	Outcome assessment
	Statistical analysis

	Results
	Discussion
	Conflict of interest
	Conclusions
	References


