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Abstract
BACKGROUND 
Endoprosthetic distal femoral replacement (DFR) is a well-established salvage 
procedure following resection of malignant tumors within the distal femur. Use of 
an all-polyethylene tibial (APT) component is cost-effective and avoids failure due 
to locking-mechanism issues and backside wear, but limits modularity and the 
option for late liner exchange. Due to a paucity of literature we sought to answer 
three questions: (1) What are the most common modes of implant failure for 
patients undergoing cemented DFR with APT for oncologic indications? (2) What 
is the survivorship, rate of all-cause reoperation, and rate of revision for aseptic 
loosening of these implants? And (3) Is there a difference in implant survivorship 
or patient demographics between cemented DFRs with APT performed as a 
primary reconstruction vs those performed as a revision procedure?

AIM 
To assess outcomes of cemented DFRs with APT components used for oncologic 
indications.

METHODS 
After Institutional Review Board approval, a retrospective review of consecutive 
patients who underwent DFR between December 2000 to September 2020 was 
performed using a single-institutional database. Inclusion criteria consisted of all 
patients who underwent DFR with a GMRS® (Global Modular Replacement 
System, Stryker, Kalamazoo, MI, United States) cemented distal femoral 
endoprosthesis and APT component for an oncologic indication. Patients 

https://www.f6publishing.com
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undergoing DFR for non-oncologic indications and patients with metal-backed tibial components 
were excluded. Implant failure was recorded using Henderson's classification and survivorship 
was reported using a competing risks analysis.

RESULTS 
55 DFRs (55 patients) with an average age of 50.9 ± 20.7 years and average body mass index of 29.7 
± 8.3 kg/m2 were followed for 38.8 ± 54.9 mo (range 0.2-208.4). Of these, 60.0% were female and 
52.7% were white. The majority of DFRs with APT in this cohort were indicated for oncologic 
diagnoses of osteogenic sarcoma (n = 22, 40.0%), giant cell tumor (n = 9, 16.4%), and metastatic 
carcinoma (n = 8, 14.6%). DFR with APT implantation was performed as a primary procedure in 29 
patients (52.7%) and a revision procedure in 26 patients (47.3%). Overall, twenty patients (36.4%) 
experienced a postoperative complication requiring reoperation. The primary modes of implant 
failure included Henderson Type 1 (soft tissue failure, n = 6, 10.9%), Type 2 (aseptic loosening, n = 
5, 9.1%), and Type 4 (infection, n = 6, 10.9%). There were no significant differences in patient 
demographics or rates of postoperative complications between the primary procedure and 
revision procedure subgroups. In total, 12 patients (21.8%) required a revision while 20 patients 
(36.4%) required a reoperation, resulting in three-year cumulative incidences of 24.0% (95%CI 
9.9%-41.4%) and 47.2% (95%CI 27.5%-64.5%), respectively.

CONCLUSION 
This study demonstrates modest short-term survivorship following cemented DFR with APT 
components for oncologic indications. Soft tissue failure and endoprosthetic infection were the 
most common postoperative complications in our cohort.

Key Words: Distal femoral replacement; Modular; Revision; Dislocation; Oncologic

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The current study demonstrates modest short-term survivorship following cemented distal 
femoral replacement with all-polyethylene tibial components for oncologic indications. Approximately 
one third of patients experienced a postoperative complication. The most common modes of implant 
failure were soft tissue failure and endoprosthetic infection.

Citation: Christ AB, Chung BC, Urness M, Mayer LW, Gettleman BS, Heckmann ND, Menendez LR. Clinical 
outcomes of cemented distal femur replacements with all-polyethylene tibial components for oncologic 
indications. World J Orthop 2023; 14(4): 218-230
URL: https://www.wjgnet.com/2218-5836/full/v14/i4/218.htm
DOI: https://dx.doi.org/10.5312/wjo.v14.i4.218

INTRODUCTION
Background
Endoprosthetic reconstruction of the distal femur has been used as a limb-salvage procedure to treat 
oncologic processes of the distal femur for nearly five decades[1], and is currently considered standard 
of practice for this indication. Improvements in design, such as a rotating hinge mechanism and 
ongrowth collars adjacent to the femoral cut surface, have improved survivorship with regards to 
aseptic loosening, and are now included in most modern systems[2-4]. However, implant design and 
research regarding fixation has focused primarily on the femoral side[5-7].

Rationale
Metal-backed and all-polyethylene tibial components are available, both of which can be fixed to the 
bone with fully cemented, hybrid, or in some cases cementless fashion. However, there is a paucity of 
literature examining the survivorship of distal femoral replacements (DFRs) with respect to the type of 
tibial component or fixation used[8,9]. Furthermore, the majority of available studies fail to describe the 
type of tibial component or fixation used[10,11]. Therefore, the purpose of this study is to assess 
outcomes of cemented DFRs with all-polyethylene tibia (APT) components used for oncologic 
indications.

https://www.wjgnet.com/2218-5836/full/v14/i4/218.htm
https://dx.doi.org/10.5312/wjo.v14.i4.218
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Specifically, we sought to answer the following research questions: (1) What are the most common 
modes of implant failure for patients undergoing cemented DFR with APT for oncologic indications? (2) 
What is the survivorship, rate of all-cause reoperation, and rate of revision for aseptic loosening of these 
implants? and (3) Is there a difference in implant survivorship or patient demographics between 
cemented DFRs with APT performed as a primary reconstruction vs those performed as a revision 
procedure?

MATERIALS AND METHODS
Study design and participants
After Institutional Review Board approval (IRB HS-20-00396), a retrospective review of consecutive 
patients who underwent DFR between December 2000 to September 2020 was performed using a single-
institutional database. The DFR was performed either as the primary treatment for the disease in 
question, or as a revision of a previous failed surgery (indications included recurrence, fracture, etc.). We 
then defined reoperation as any subsequent procedure, including manipulation under anesthesia, that 
was performed after placement of the DFR. Revision of the DFR was defined as a subsequent procedure 
which specifically required exchange or removal of femoral or tibial components. Inclusion criteria 
consisted of all patients who underwent DFR with a GMRS® (Global Modular Replacement System, 
Stryker, Kalamazoo, MI, United States) cemented distal femoral endoprosthesis and APT component for 
an oncologic indication. Patients were excluded if undergoing DFR for non-oncologic indications or if a 
different implant design was used. Patients were then stratified into two groups based on whether the 
index procedure was a primary reconstruction or a revision of a previous DFR. Patients who had 
undergone previous incisional biopsies or arthroscopic procedures without reconstruction on the 
operative limb prior to DFR implantation were classified in the primary reconstruction cohort.

Thorough review of patient medical records and operative reports was performed to obtain patient 
demographic information including comorbidities, age at the time of surgery, sex, race/ethnicity, body 
mass index (BMI), and American Society of Anesthesiologists score. Operative reports were reviewed to 
obtain surgical variables including the indication for surgery, a comprehensive surgical history of the 
operative limb, surgical approach, implants utilized, and operative time. The primary outcome was 
implant survivorship, with all-cause reoperation and revision total knee arthroplasty as endpoints. 
Given the primary purpose of the present study was to characterize early complications and implant 
longevity in the setting of limb-salvage, functional and patient-reported outcome measures were not 
collected.

Implant design
The Stryker GMRS® (Global Modular Replacement System, Stryker, Kalamazoo, MI, United States) was 
utilized for all cases in this series. This system is designed to assist in the reconstruction of large 
segmental and osteoarticular defects about the knee joint, particularly in the setting of tumors, 
previously failed arthroplasty, and traumatic injury. In this system, the standard distal femoral 
components can be paired with either a modular rotating-hinge tibial baseplate or APT component, the 
latter of which was used selectively in the present cohort (Figure 1). Multiple cemented stem options are 
available, including straight, curved, and long curved geometries, both with and without extra-cortical 
porous-coated intercalated body sections. This construct can be further customized with the use of 
extension pieces, available in over a dozen sizes, for the optimization of leg length.

Surgical technique
Medial and lateral parapatellar approaches were utilized based upon previous biopsy incisions and 
location of the neoplasm. Following oncologic resection, the femur and tibia were prepared using 
conventional jigs and reamers, and the femur was reamed in a sequential manner to accommodate the 
appropriate stem diameter and length. Trial implants were inserted to assess appropriate range of 
motion, limb length, and patellar tracking prior to insertion of the final implant. Polymethylmethac-
rylate cement was used for fixation in all cases.

Clinical follow-up
Each patient’s clinical course was followed in detail to characterize postoperative complications and the 
need for reoperations or revision surgery. Given the complex patient demographics, we decided to not 
have a minimum follow-up in order to capture all patients who underwent this reconstruction. No 
follow-up was chosen over the conventional two-year minimum to capture early postoperative complic-
ations in this high-risk cohort of patients undergoing limb-salvage procedures, especially those with 
metastatic disease or prior failed reconstruction. Following the index procedure, any procedure on the 
affected limb that did not involve removal or alteration of the endoprosthesis was classified as a 
reoperation. Revision procedures were defined as any surgery involving removal or replacement of any 
prosthetic component. Implant failure was categorized based on the Henderson classification of failure 
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Figure 1 Radiographs of a 28-year-old male patient demonstrating a pathologic fracture of the distal third of the left femoral diaphysis. A: 
Preoperative anteroposterior and lateral radiographs prior to reconstruction; B: Following left distal femoral replacement with use of an all-polyethylene tibial 
component.

of limb salvage after reconstructive surgery for bone tumors[12].

Patient demographics and operative variables
In total, 92 patients were identified during the study period and screened for inclusion. Eleven patients 
(12.0%) with a metal-backed tibial baseplate and 26 patients (28.3%) who underwent DFR for a non-
oncologic indication were excluded, leaving 55 patients (59.8%) who were included in the final analysis. 
The mean age of the cohort was 50.9 ± 20.7 years (range, 16-88 years) and mean BMI was 29.7 ± 8.3 
kg/m2 (range, 16.4-52.9). The average follow-up of the study cohort was 38.8 ± 54.9 mo (range 0.2-208.4 
mo), with a total of 21 patients (38.2%) possessing a minimum follow-up of 2 years (Table 1).

DFR with APT implantation was performed as a primary procedure in 29 patients (52.7%) and a 
revision procedure in 26 patients (47.3%), with a median operative time of 178 minutes across the entire 
cohort. For the 26 patients who underwent DFR with APT implantation as a revision procedure, the 
average number of previous surgeries on the affected limb was 2.0 ± 1.3 (range 1-5) (Table 2). The 
primary procedures for the revision were as follows: distal femoral replacement[12], open reduction 
internal fixation for pathologic fracture[6], Cryoablation +/- curettage[6], and soft tissue resection[2] 
(Table 3). The majority of DFRs with APT in this cohort were indicated for oncologic diagnoses of 
osteogenic sarcoma (n = 22, 40.0%), giant cell tumor (n = 9, 16.4%), and metastatic carcinoma (n = 8, 
14.6%) (Table 2).

Statistical analysis
Statistical analyses were performed using SPSS version 26 (IBM, Armonk, New York, United States). 
Patient demographics, operative variables, and postoperative complications are presented as means or 
percentages with standard deviations or ranges where appropriate. Univariate analyses were performed 
to compare differences between groups using the Mann-Whitney-U test for continuous variables and 
Chi-square test for categorical variables or Fisher’s exact test where appropriate. Competing risk 
analyses were performed to evaluate the cumulative incidence of all-cause reoperation, need for 
revision surgery, and patient death. Competing risk analysis was conducted using the survival[13,14] 
and cmprsk[15] function within R (R Core Team, 2021 packages)[16]. Figure 2 and Figure 3 were 
produced using the package ggplot2[17,18].

RESULTS
Modes of implant failure (Henderson classification)
In total, 20 patients (36.4%) experienced a postoperative complication requiring reoperation (Figure 4). 
The indications for the 26 reoperations were the following: Mechanical failure[11], non-union of prior 
pathological fracture[7], tumor progression[3], definitive management of a prior open reduction internal 
fixation for a pathologic fracture[2], local recurrence[1], infection[1], and soft tissue failure[1] (Table 4). 
Of these 20 cases requiring reoperation, 7 patients (12.7%) required only one reoperation, 2 patients 
(3.6%) required 2 reoperations, 4 patients (7.3%) required 3 reoperations, and 7 patients (12.7%) required 
4+ reoperations. The primary modes of implant failure in this cohort according to Henderson’s classi-
fication included Type 1 (soft tissue failure, n = 6, 10.9%), Type 2 (aseptic loosening, n = 5, 9.1%), and 
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Table 1 Patient demographics of the study cohort, including age, gender, race/ethnicity, American Society of Anesthesiologists score, 
body mass index, and length of follow-up, n (%)

Demographic variable Value

Age (mean ± SD) 50.9 ± 20.7 yr

Gender 

Male 22 (40.0)

Female 33 (60.0)

Race/Ethnicity

White 29 (52.7)

Hispanic or Latino 9 (16.4)

Black 4 (7.3)

Asian 5 (9.1)

Other 8 (14.5)

ASA score

1 10 (18.2)

2 21 (38.2)

3 21 (38.2)

4 3 (5.5)

Body mass index (mean ± SD) 29.7 ± 8.3 kg/m2

Follow-up (mean ± SD) 38.8 ± 54.9 mo

ASA: American Society of Anesthesiologists.

Type 4 (infection, n = 6, 10.9%) (Table 2). Of the 6 patients with a soft tissue failure, 3 were due to 
arthrofibrosis, 2 due to extensor mechanism failures, and one was due to wound dehiscence. Regarding 
the patients who failed due to infection, none of the individuals were on chemotherapy when infection 
was identified. Finally, local recurrence of the primary bone tumor occurred in one patient who was 
diagnosed with a “neoplasm of unspecified behavior” and was managed with radical resection at 13.2 
mo (Henderson Type 5).

Of the five patients who required reoperation for soft tissue failure (Henderson Type 1), two patients 
experienced arthrofibrosis requiring manipulation under anesthesia with lysis of adhesions at 3.3 and 
4.0 mo postoperatively, two patients required extensor mechanism repair for postoperative falls at 14.5 
and 19.7 mo postoperatively, and one patient required multiple flaps for soft tissue reconstruction at 6.8 
mo postoperatively. All six patients who underwent reoperation for infection (Henderson Type 4) were 
managed with serial irrigation and debridement procedures (mean 2.2 procedures, range 1-5), with two 
patients requiring antibiotic spacer placement and three patients undergoing soft tissue reconstruction 
at the time of reoperation. None of these patients required amputation.

Additionally, two patients required revision surgery for corrosion and metal wear debris at 32.5 mo 
and 99.5 mo postoperatively (Type 3). Two cases were complicated by deep peroneal nerve palsy, which 
were managed nonoperatively with ankle-foot orthoses. There were no identified cases for which 
periprosthetic fracture was the primary indication for revision surgery with the use of these constructs.

Competing risks analysis
Competing risks analysis depicting the need for any revision operation (requiring exchange of either the 
femoral or tibial component), any reoperation, and patient death were plotted (Figure 3). In total, 12 
patients (21.8%) required a revision, resulting in one- and three-year cumulative incidence of 14.6% 
(95%CI 5.7%-27.4%) and 24.0% (95%CI 9.9%-41.4%), respectively, with all-cause revision as the 
endpoint. Additionally, 20 patients (36.4%) required reoperation, resulting in one- and three-year 
cumulative incidences of 26.1% (95%CI 14.2%-39.7%) and 47.2% (95%CI 27.5%-64.5%), respectively, with 
all-cause reoperation as the endpoint. At final follow-up, one patient (1.8%) had died, with cause of 
death unrelated to the DFR procedure. No information regarding the date of death was available for this 
patient.

In total, 10 of the 12 patients (83.3%) who underwent revision surgery required revision of the APT 
component. Of these 10 patients, three (30.0%) were revised due to aseptic loosening at an average of 
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Table 2 Operative variables of the study cohort, including procedure type (primary vs revision), surgical indications, mode of failure 
according to the Henderson Classification, and number of previous knee surgeries on the operative knee, n (%)

Operative variable Value

Procedure type 

Primary 29 (52.7)

Revision 26 (47.3)

Surgical indications

Osteogenic sarcoma 22 (40.0)

Giant cell tumor 9 (16.4)

Metastatic carcinoma 8 (14.6)

Soft-tissue sarcomaa 4 (7.3)

Chondrosarcoma

High-grade 3 (5.5)

Low-grade 2 (3.6)

Synovial chondromatosis 2 (3.6)

Multiple myeloma 2 (3.6)

Non-Hodgkin's lymphoma 1 (1.8)

Pigmented villonodular synovitis 1 (1.8)

Neoplasm of unspecified behavior 1 (1.8)

Primary mode of failure, henderson classification

Type 1 (soft-tissue failure) 6 (10.9)

Type 2 (aseptic loosening) 5 (9.1)

Type 3 (structural failure)b 2 (3.6)

Type 4 (periprosthetic infection) 6 (10.9)

Type 5 (tumor progression) 1 (1.8)

Number of previous surgeries (mean ± SD) 1.1 ± 1.3 surgeries

aSoft-tissue sarcomas included malignant fibrous histiocytoma, pleomorphic fibrosarcoma, and myxofibrosarcoma.
bBoth cases of henderson type 3 failure were due to trunnionosis; there were no periprosthetic fractures observed in this cohort.

Table 3 Primary procedures for individuals requiring a revision distal femoral replacement

Primary procedure in the revision cohort (N = 26)

Category Number of patients

Distal femoral replacement 12

Open reduction internal fixation for pathologic fracture 6

Curettage +/- cryoablation 6

Soft tissue resection 2

80.4 mo postoperatively, six (60.0%) were revised due to periprosthetic joint infection at an average of 
44.8 mo, and one (10.0%) was revised due to periprosthetic fracture requiring placement of medial and 
lateral titanium plates at 9.6 mo. A second competing risks analysis depicting the incidence of all-cause 
revision of the APT component and APT component failure secondary to periprosthetic joint infection 
(PJI) was plotted (Figure 3). This analysis demonstrated one- and three-year cumulative incidences of 
18.2% (95%CI 2.5%-45.5%) and 47.0% (95%CI 15.1%-74.0%), respectively, with all-cause revision of the 
APT component as the endpoint. When failure of the APT secondary to PJI was used as the endpoint, 
the one- and three-year cumulative incidences were 10.0% (95%CI 0.5%-37.4%) and 44.0% (95%CI 6.3%-
59.3%), respectively.
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Table 4 Indication groupings for individuals requiring revision distal femoral replacement

Reason for revision

Category Number of patients

Mechanical failure 11

Nonunion of prior pathological fracture 7

Tumor Progression 3

Definitive management of a prior open reduction internal fixation for a pathological fracture 2

Local recurrence 1

Infection 1

Soft tissue failure 1

Figure 2 Competing risk analysis for cemented distal femoral replacement with all-polyethylene tibial component constructs for 
oncologic indications with all-cause revision (femoral or tibial component) and all-cause reoperation as the primary endpoints. One- and 
three-year cumulative incidences were 14.6% (95%CI 5.7%-27.4%) and 24.0% (95%CI 9.9%-41.4%), respectively, with all-cause revision as the endpoint. One- and 
three-year cumulative incidences were 26.1% (95%CI 14.2%-39.7%) and 47.2% (95%CI 27.5%-64.5%), respectively, with all-cause reoperation as the endpoint. 
DFR: Distal femoral replacement.

Univariate analysis
No significant differences in patient demographics or reoperation rates were identified between patients 
for whom the index procedure was a primary reconstruction (“primary DFR”) and patients for whom 
DFR was performed as a revision procedure (“revision DFR”). Both cohorts had similar lengths of 
clinical follow-up (42.7 ± 61.4 vs 34.5 ± 47.5 mo, P = 0.946) (Table 5).

DISCUSSION
Endoprosthetic reconstruction is standard-of-care for oncologic processes of the distal femur, as greater 
than 90% of patients can be treated with limb salvage. While this procedure is effective in restoring 
mobility and salvaging the limb, it has a well-known complication and survival profile[19]. Aside from 
septic failure, aseptic loosening has been the leading cause of failure historically, and improvements 
have been focused on fixation of the femoral component[5,10]. However, relatively little attention has 
been paid to the tibial component. Unlike the femoral component, tibial components are available in 
both metal and all-polyethylene, and fixation of the tibial component can be achieved in a variety of 
ways, including cemented, cementless, and hybrid fixation. Despite the increased utilization of DFR 
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Table 5 Univariate analysis comparing demographic characteristics and reoperation rates between the primary distal femoral 
replacement and revision distal femoral replacement subgroups, n (%)

Primary DFR (n = 29) Revision DFR (n = 26) P value

Age (mean ± SD) 49.7 ± 20.6 yr 52.2 ± 21.1 yr 0.649

Gender 0.44

Male 13 (44.8) 9 (34.6)

Female 16 (55.2) 17 (65.4)

Body mass index (mean ± SD) 29.5 ± 8.5 kg/m2 30.0 ± 8.4 kg/m2 0.567

Follow-up (mean ± SD) 42.7 ± 61.4 mo 34.5 ± 47.5 mo 0.946

Complication requiring reoperation? 11 (37.9) 9 (34.6) 0.799

Total reoperations required (mean ± SD) 1.4 ± 2.6 1.0 ± 1.8 0.624

DFR: Distal femoral replacement.

Figure 3 Competing risk analysis for cemented distal femoral replacement with all-polyethylene tibial components for oncologic 
indications with all-cause revision of the all-polyethylene tibial component (APT) and revision of the APT due to periprosthetic joint 
infection as the primary endpoints. One- and three-year cumulative incidences were 18.2% (95%CI 2.5%-45.5%) and 47.0% (95%CI 15.1%-74.0%), 
respectively, with all-cause revision of the APT as the endpoint. One- and three-year cumulative incidences were 10.0% (95%CI 0.5%-37.4%) and 44.0% (95%CI 
6.3%-59.3%), respectively, with revision of APT due to periprosthetic joint infection as the endpoint. APT: All-polyethylene tibial; PJI: Periprosthetic joint infection.

with APTs over time, previous studies have paid little attention to the outcomes of tibial components 
until recently[6,9,20]. Bukowski et al[20] showed that DFRs with APT have a significantly lower 
incidence of tibial revision at 10 years (1.1% vs 12.5%, HR = 0.18, P = 0.03) and no difference in infection-
free survival (P = 0.72) when compared to the traditional DFR with a metal backed tibia.

APTs are monoblock cemented components that offer cost-effectiveness and surgical efficiency when 
compared to metal-backed tibial components[21,22]. They avoid failure due to locking-mechanism 
issues and backside wear, but limit modularity and the option for late liner exchange. While we 
theorized that APTs would suffer from some of the same failure mechanisms as metal backed tibial 
components, such as periprosthetic joint infection and late polyethylene wear, it is unclear whether they 
exhibit novel modes of failure, or whether they are more resistant to certain types of failure, such as 
aseptic loosening, than metal-backed components. The purpose of this study was to examine a large 
cohort of DFR with APT performed for oncologic indications, with specific focus on failure rate and 
mechanisms of the APT.
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Figure 4 Radiographs of a 58-year-old male patient showing increased lucency surrounding the proximal femoral stem with abutment of 
the lateral cortex. A: Anteroposterior radiographs of the loosened distal femoral replacement; B: Interval explantation of the prior distal femoral replacement and 
placement of an intercalary cemented modular antibiotic spacer.

The most common modes of implant failure in this cohort were soft tissue (Type I) (10.9%) and deep 
infection (Type IV) (10.9%), followed by aseptic loosening (Type II) (9.1%). Aseptic loosening was 
evenly split between the femoral and tibial components. There were two revisions for corrosion and 
metal debris (Type III), and one case of tumor recurrence (Type V). The rate of infection is comparable to 
previous large series. Sharma demonstrated a 7.8% infection rate (Type IV), 6.5% local recurrence rate 
(Type V), and no aseptic loosening with line-to-line cemented femoral stems using the same implant 
system[23]. Henderson demonstrated 1.3% soft tissue failure (Type I), 6.4% aseptic loosening (Type II), 
6.3% structural failure (Type III), and 8.3% infection (Type IV) in their cohort’s subset of distal femur 
replacements[12]. Our soft tissue failure rate was significantly higher, for unclear reasons. Given the 
referral nature of our practice, the present cohort may be inherently at greater risk for soft tissue failure 
due to a higher proportion of ethnic minorities from underserved areas with greater comorbid burden, 
many of whom require prior insurance authorization resulting in delayed time to definitive treatment. 
However, rates of infection, aseptic loosening, and structural failure were similar. Pala demonstrated a 
26.6% overall failure rate for DFRs in their study, including 6% soft tissue failure (Type I), 5% aseptic 
loosening (Type II), and 9% infection (Type IV)[24]. Our series of DFR with APT for oncologic 
indications appears to have similar modes and rates of failure as previously published studies. We 
demonstrated a higher rate of soft tissue failure, the reason for which is unclear. However, it is unlikely 
to be due to the APT, as the rotating tibial component and axel for the APT is approximately 2.5 cm 
longer for the APT than the metal-backed tibia, conferring a much larger jump distance prior to 
dislocation, i.e. soft tissue failure leading to instability[25].

Our study demonstrated a 24% revision rate and 47% all-cause reoperation rate at 3 years. This is 
consistent with large reports of modern distal femoral replacements[9]. The rate of aseptic loosening 
was 9.1%, which was seen on both the femoral and tibial side. This appears to be consistent with 
previous reports for femoral-sided aseptic loosening[12,24]. However, few reports have specifically 
examined the tibial component, so it is unclear how this rate of aseptic loosening of the tibial component 
(3/55) compares with other historical groups. One recent study suggests that these components achieve 
durable fixation, with no cases of aseptic loosening and a small number (6) sustaining mechanical 
failure of the tibial component out of 125 patients[8]. This speaks to the advantage of line-to-line cement 
technique on the femur, and durable fixation of the APT, with predictable long-term failure like our 
study. They also observed one patient with polyethylene granuloma over the APT. Finally, they noted 
an infection rate (Type IV failure) of 10%, nearly identical to our study, and reported a 15% reoperation 
rate at 1 year and 30% reoperation rate at 5 years.

Finally, we found no significant differences in terms of preoperative demographics or post-operative 
complications in patients who received DFR with APT as a primary or revision procedure for their 
oncologic process. The revision cohort had 2.0 ± 1.3 (range 1-5) previous operations prior to DFR. It is 
surprising that the group performed as a revision procedure did not have a higher complication or 
reoperation rate, despite having been operated on previously. However, this finding is supported by 
several previous investigations. The reoperation rate of 38% in the revision DFR cohort is similar to 
published reports of DFR used for non-oncologic revision total knee arthroplasty, as the Mayo clinic 
series demonstrated a 46.3% percent all-cause reoperation rate at 10 years for non-oncologic DFR[26]. A 
similar reoperation rate was found by Staats and colleagues in a cohort of both oncologic and non-
oncologic DFRs (36.4% at 2 years), and they were unable to detect a difference in the cumulative 
incidence of revision surgery in patients with oncologic vs non-oncologic disease[27]. Other studies have 
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found no difference between primary and revision DFRs as well[28,29], indicating that previous 
oncologic procedures in the same field do not significantly affect outcomes after DFR.

This study has several limitations. It is a single institution, retrospective study in which statistical 
power is limited due to sample size. Also, given the heterogeneity of oncologic disease, specific 
indications, treatments, and surgical techniques could not be standardized. However, the risk of 
unintentional selection bias in the present study is mitigated by the composition of the current cohort, 
which represents a consecutive series of DFR with APT performed for oncologic indications by a single 
surgeon at our institution. The APT was used consistently as the primary construct of the treating 
surgeon in this consecutive series of patients - therefore, we can only make historical comparisons to 
other studies, and cannot directly compare these patients with a cohort of metal-backed tibial 
components performed in the same patient population. These types of studies are difficult to 
accomplish in orthopaedic oncology due to the heterogeneous patient population and rare diseases 
treated. Nevertheless, the present study provides valuable insight into the survivorship and common 
modes of implant failure for the DFR with APT construct utilized this high-risk patient population, and 
there is value in reporting these case series so that they may be analyzed in aggregate with other 
published reports.

CONCLUSION
Despite the inherent risk of complications and reoperations associated with oncologic surgery, DFR 
with APT is a reliable reconstructive option for oncologic defects of the distal femur. APTs are efficient, 
cost-effective, and more likely to avoid failure mechanisms related to modularity. Failures of DFR with 
APT, like other DFRs, are mostly related to infection, soft tissue failures, and late aseptic loosening. 
While we observed several cases of aseptic loosening of the tibial component, we did not observe 
fractures of the APT, which has been reported previously. In concordance with previous studies, we did 
not observe a difference in complication rates or failures between DFR with APT performed for primary 
and revision indications. Further studies, including cohort or randomized trials, are needed to 
determine the optimal tibial component for oncologic DFR.

ARTICLE HIGHLIGHTS
Research background
Future prospective studies with larger sample sizes and longer term followup are necessary to 
determine the optimal construct for oncologic distal femoral replacement (DFR). Comparative studies 
investigating the differences in clinical, functional, and patient-reported outcomes between the use of 
metal-backed vs all-polyethylene tibial components and cemented vs cementless fixation will provide 
further insight into the specific failure mechanisms associated with each construct.

Research motivation
This study proposes that DFR with all-polyethylene tibial (APT) is a reliable reconstruction option for 
oncologic defects of the distal femur.

Research objectives
DFR with APT implantation was performed as a primary procedure in 29 patients (52.7%) and a 
revision procedure in 26 patients (47.3%). Overall, twenty patients (36.4%) experienced a postoperative 
complication requiring reoperation. In total, 12 patients (21.8%) required a revision while 20 patients 
(36.4%) required a reoperation, resulting in three-year cumulative incidences of 24.0% (95%CI 9.9%-
41.4%) and 47.2% (95%CI 27.5%-64.5%), respectively.

Research methods
A retrospective review of consecutive patients who underwent DFR with a GMRS® (Global Modular 
Replacement System, Stryker, Kalamazoo, MI, United States) cemented distal femoral endoprosthesis 
and APT component for an oncologic indication was performed using a single-institutional database. 
Univariate analyses were performed to compare differences between those who had a DFR performed 
either as the primary treatment for the disease in question vs those who had a DFR as a revision of a 
previous failed surgery (indications included recurrence, fracture, etc.). Competing risk analyses were 
performed to evaluate the cumulative incidence of all-cause reoperation, need for revision surgery, and 
patient death.

Research results
This study was designed to answer the following research questions: (1) What are the most common 



Christ AB et al. Clinical outcomes of oncologic DFR with APT

WJO https://www.wjgnet.com 228 April 18, 2023 Volume 14 Issue 4

modes of implant failure for patients undergoing cemented DFR with APT for oncologic indications? (2) 
What is the survivorship, rate of all-cause reoperation, and rate of revision for aseptic loosening of these 
implants? and (3) Is there a difference in implant survivorship or patient demographics between 
cemented DFRs with APT performed as a primary reconstruction vs those performed as a revision 
procedure?

Research conclusions
Prior studies investigating the outcomes of endoprosthetic distal femoral replacement have largely 
failed to describe the type of tibial component or fixation used. Unlike the femoral component, tibial 
components are available in both metal-backed and all-polyethylene designs, and fixation may be 
achieved via cemented, cementless, or hybrid fixation. Future research investigating the effect of tibial 
component design and fixation on clinical outcomes is critical to determining the optimal construct for 
oncologic DFR.

Research perspectives
Endoprosthetic reconstruction of the distal femur has been used as a limb-salvage procedure to treat 
oncologic processes of the distal femur for nearly five decades, and is currently considered standard of 
practice for this indication. However, there is a paucity of literature examining the survivorship of DFRs 
with respect to the type of tibial component utilized. The purpose of this study was to report on the 
clinical outcomes of patients undergoing cemented DFR with all-polyethylene tibial components for 
oncologic indications.
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