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Abstract
Background Distal femur replacement is frequently used
for limb salvage after bone tumor resections. It is also used
in patients with severe bone loss because of traumatic con-
ditions or revision TKA. Some studies on distal femur
replacement reported on revision-free survival without dis-
tinguishing between patients with oncologic diagnoses and

thosewithout, although these patientsmight be incomparable
because of their differences in important patient- and disease-
specific characteristics. This may lead to an inaccurate and
undifferentiated interpretation of the results of survival
analyses.
Questions/purposes (1) What is the overall cumulative
incidence of revision surgery after cemented and cementless
distal femoral replacement, as determined with a competing
risk analysis? (2) Does the cumulative incidence of revision
surgery change over time? (3) Are there differences in the
cumulative incidence of revision surgery between patients
with oncologic conditions and those without who are treated
with cemented or cementless distal femoral replacement?
Methods A total of 403 patients were possible candidates
for distal femoral replacement. Of these, 56 patients elected
to undergo different procedures, 83 were excluded be-
cause an expendable growing prosthesis was implanted, and
28 were lost to follow-up. Therefore, 229 patients who
underwent distal femoral replacement for oncologic or non-
oncologic reasons between 1983 and 2016 were retrospec-
tively included in this study. The type of fixation method
(cemented or cementless) was obtained from the patients’
medical records, operation reports, and radiographic analy-
ses from plain radiographs. All radiographs were standard-
ized and obtained at standard time intervals in our institution.
No algorithm regarding the fixation approach was followed.
According to our data, patients receiving cementlessfixation
were younger and therefore likely to be more active than
those receiving cemented fixation. The median follow-up
duration of the overall cohort was 85 months (range
0.1-391 months). Patients who died or had revision surgery
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before the 2-year minimum follow-up interval were ade-
quately considered using competing risk calculation. The
reasons for revision surgery were classified using the clas-
sification system proposed by the International Society for
Limb Salvage. A competing risk analysis was performed to
estimate the cumulative incidence function of revision, ac-
counting for death as a competing event. To evaluate the
influence of potential prognostic factors, including diagnosis
(oncologic versus non-oncologic), fixation (cemented ver-
sus cementless), year of distal femoral replacement, age, and
sex on the occurrence of revision surgery, univariate and
multivariable Fine and Gray models were applied.
Results The competing risks analysis revealed cumulative
incidences of revision surgery for any cause (Types 1 to 5) of
26% (95%CI, 20.3%-31.9%) at 12 months, 37.9% (95%CI,
31.3%-44.4%) at 24months, 52.6% (95%CI, 45.1%-59.5%)
at 5 years, and 58.2% (95%CI, 50.1%-65.4%) at 10 years for
all patients. Rotating hinge-type prostheses showed a lower
cumulative incidence of revision surgery (41.6%; 95% CI,
31.8%-51%) than fixed-hinge prostheses did (64%; 95% CI,
50.5%-74.5% ) at 5 years (Gray’s test: p = 0.01). According
to the multivariate Fine and Gray model, the year of surgery
did not have any effect on the risk of revision surgery (1994
to 2003: hazard ratio 0.70; 95%CI, 0.46-1.07); 2004 to 2016:
HR 0.83; 95% CI, 0.52-1.34; p = 0.26). The multivariate
analysis, adjusted for disease, sex, age, cementation, and year
of surgery, revealed a difference in the risk of revision sur-
gery between patients with oncologic disease and those with
non-oncologic disease (HR 0.44 for oncologic versus non-
oncologic; 95% CI, 0.22-0.87; p = 0.02) and a reduction in
the risk of overall revision with cemented fixation in pa-
tients with oncologic disease (HR 0.53; 95% CI, 0.29-0.98;
p = 0.03).
Conclusion This study indicates that even with newer
implants, there was a high incidence of revision surgery
after distal femoral replacement. According to our analysis,
patients with oncologic diagnoses have a lower likelihood
of revision when the stem is cemented whereas the type of
fixation did not impact patients with non-oncologic di-
agnoses. Because of differences in patient demographics
(age, etiology of disease, and use of chemotherapy) and
outcomes of fixation, oncologic and non-oncologic
patients should be analyzed separately in survival studies
about distal femoral replacement.
Level of Evidence Level III, therapeutic study.

Introduction

Endoprosthetic replacement of the distal femur is a com-
mon procedure for limb salvage in patients who undergo
bone resection for neoplastic bone diseases [1, 3, 17–19].
With the use of newer implant designs, in particular the
transition from using fixed-hinge to rotating-hinge models,

distal femoral replacement can lead to high levels of patient
satisfaction and return to some sports activities in patients
with bone cancer [17]. The use of distal femoral re-
placement is not solely restricted to limb salvage after
tumor resections. These systems are also used for non-
oncologic reasons such as revision arthroplasty after pri-
mary TKA in patients with severe bone loss [11, 36] or
periprosthetic fractures [14], or after distal femur fractures
with traumatic bone loss [4, 12]. Although the evolution of
early distal femoral replacement designs to contemporary
implants has brought major advantages regarding patient
satisfaction and implant longevity, there are still high
complication rates [8, 20, 22, 26, 36]. Adequate implant
fixation is vitally important for sufficient implant survi-
vorship, but the decision to use cemented or cementless
fixation highly depends on patient-specific factors such as
age, sex, and diagnosis leading to distal femoral re-
placement. Therefore, there is still a lack of consensus on
which fixation method achieves the best implant survi-
vorship [10]. According to the consensus of the
International Society of Limb Salvage Meeting in 2011,
Henderson et al. [13] published a classification system to
define common types of failure after limb salvage proce-
dures with endoprosthetic reconstruction.

Several publications have reported on the outcome of
distal femoral replacement; however, they did not distin-
guish between patients with oncologic conditions and
patients without [15, 16, 22–24, 31, 34, 35, 37], even
though these groups differ in important patient- and
disease-related factors that might have a substantial impact
on surgical decisions and revision-free survival after distal
femoral replacement. Competing risk calculation has been
shown to be more accurate than conventional survival
analysis methods [29]. In contrast to Kaplan-Meier sur-
vival analyses, a competing risk calculation includes death
as a competing event, which gives a more realistic esti-
mation of the cumulative incidence of revision surgery for
patients undergoing distal femoral replacement [29].

Therefore, we asked the following research questions:
(1) What is the overall cumulative incidence of revision
surgery after cemented and cementless distal femoral re-
placement, as determined with a competing risk analysis?
(2) Does the cumulative incidence of revision surgery
change over time? (3) Are there differences in the cumu-
lative incidence of revision surgery between patients with
oncologic conditions and those without who are treated
with cemented or cementless distal femoral replacement?

Patients and Methods

After receiving approval for this study from the local ethics
committee, we conducted a retrospective cohort study
reviewing all patients undergoing distal femoral replacement
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at our department for oncologic or non-oncologic reasons
from 1983 to 2016. Patients who underwent distal femoral
replacement because of tumor resection were identified us-
ing the Vienna Bone and Soft Tissue Tumor registry.
Initially, 56 of 403 patientswhowere possible candidates for
distal femoral replacement underwent different procedures
(Fig. 1). Of 339 patients with oncologic disease who were
possible candidates for distal femoral replacement, 12% (40
of 339) were excluded because they chose a different
treatment strategy (biologic reconstruction, n = 27; ampu-
tation, n = 6; and combined distal femur and proximal tibia
replacement, n = 7). Patients receiving an extendable pros-
thesis for distal femoral replacement (29%, 84 of 293) were
also excluded from this study given the inherent higher
prevalence of revision surgery for limb lengthening and
immaturity of the skeletal system [28]. Twelve percent (26
of 209) of patients were lost to follow-up.

Therefore, we included 183 patients undergoing distal
femoral replacement for oncologic reasons who had a
minimum follow-up duration of 2 years in this study.
Oncologic diagnoses leading to tumor resection and distal
femoral replacement were osteosarcoma in 57% (105 of
183), chondrosarcoma in 7% (13), metastatic disease in
11% (21 of 183: renal cell cancer, nine patients; melanoma,

three patients; lung cancer, two patients; breast cancer, four
patients; prostate cancer, two patients; and colon cancer,
one patient), other sarcomas in 19% (35 of 183), giant cell
tumor in 3% (five of 183), and hematologic malignancies in
2% (four of 183) (Table 1). Patients with non-oncologic
conditions undergoing distal femoral replacement were
identified using our electronic hospital database. Twenty-
five percent of possible candidates (16 of 64) received an
alternative treatment (open reduction and internal fixation,
seven patients; amputation, one patient; arthrodesis of the
knee joint, three patients; and a non-surgical treatment
because the patients’ health was poor, five patients). Two
patients were lost to follow-up. Therefore, 46 patients who
underwent distal femoral replacement for non-oncologic
reasons with a minimum follow-up period of 2 years were
included in this study. The reasons for distal femoral re-
placement in this cohort were a periprosthetic fracture in
24% (11 of 46), fracture of the distal femur in 11% (five of
46), aseptic loosening in 25% (12 of 46), periprosthetic
infection in 24% (11 of 46), and non-union after distal
femur fracture in 15% (seven of 46) (Table 1).

The median age of the overall cohort (n = 229; onco-
logic, 183 patients; non-oncologic, 46 patients) was 41
years (range 16 to 96 years). Patients undergoing distal

Fig. 1 This study flowchart shows patients who were excluded because of different therapeutic approaches and loss to follow-up
and included patients who underwent distal femoral replacement for (A) oncologic and (B) non-oncologic reasons between 1983
and 2016.
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Table 1. Patient characteristics distinguished by the reason for distal femoral replacement (oncologic versus non-oncologic) and by
the type of fixation of distal femoral replacement (cemented versus cementless)

Characteristic
Oncologic
(n = 183)

Non-oncologic
(n = 46)

p
value

Cemented
(n = 80)

Cementless
(n = 149)

p
value

Total
(n = 229

Age (years),
median (range)

29 (16-86) 71 (41-96) 0.01 54 (27-96) 31 (16-90) 0.01 41 (16-96)

Sex (male),

% (n)

58% (106) 13% (6) 46% (37) 50% (75) 49% (112)

Etiology Osteosarcoma:
57% (n = 105)

Chondrosarcoma:
7% (n = 13)

Metastasis: 11%
(n = 21)

Other: 24%
(n = 44)

Periprosthetic
fracture: 24%
(n = 11)

Fracture of the
distal femur: 11%
(n = 5)

Aseptic
loosening: 25%
(n = 12)

Periprosthetic
infection: 24%
(n = 11)

Non-union: 15%
(n = 7)

0.01 Oncologic
disease: 73%

(n = 58)

Osteosarcoma:
29% (n = 23)

Chondrosarcoma:
3% (n = 2)

Metastasis: 19%
(n = 15)

Other oncologic
diagnoses: 23%

(n = 18)

Non-oncologic
disease: 27%

(n = 22)

Aseptic loosening:
8% (n = 6)

Periprosthetic
infection: 9%

(n = 7)

Periprosthetic
fracture: 3%

(n=2)

Fracture of the
distal femur: 4%

(n = 3)

Non-union: 5%
(n = 4)

Oncologic
disease: 83%
(n = 125)

Osteosarcoma:
55% (n = 82)

Chondrosarcoma:
7% (n = 11)

Metastasis: 4%
(n = 6)

Other oncologic
diagnoses: 17%

(n = 26)

Non-oncologic
disease: 17%

(n = 24)

Aseptic
loosening: 4%

(n = 6)

Periprosthetic
infection: 3%

(n = 4)

Periprosthetic
fracture:
6% (n = 9)

Fracture of the
distal femur: 1%

(n = 2)

Non-union: 2%
(n=3)

0.57 Total n = 229

Chemotherapy 74% (n = 136) 0 49% (n = 39) 65% (n = 97) 0.02

Implant KMFTR/HMRS

Howmedica GmbH
(Kiel, Germany)

(fixed hinge): 36%
(n = 65)

KMFTR/HMRS

Howmedica GmbH
(Kiel, Germany)

(fixed hinge): 7%
(n = 3)

0.01 KMFTR/HMRS

Howmedica GmbH
(Kiel, Germany)

(fixed hinge): 8%
(n = 6)

KMFTR/HMRS

Howmedica GmbH
(Kiel, Germany)

(fixed hinge): 42%
(n = 62)

0.01

GMRS

Stryker
(Kalamazoo, MI,
USA)

(rotating hinge):
64% (n = 118)

GMRS

Stryker
(Kalamazoo, MI,
USA)

(rotating hinge):
93% (n = 43)

GMRS

Stryker
(Kalamazoo, MI,

USA)

(rotating hinge):
92% (n = 74)

GMRS

Stryker
(Kalamazoo, MI,

USA)

(rotating hinge):
58% (n = 87)

KMFTR = Kotz Modular Femur Tibia Reconstruction System; HMRS = Howmedica Modular Reconstrution System; GMRS = Global
Modular Reconstruction System.
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femoral replacement for oncologic reasons (median age 29
years [range 16-86 years]) were younger than patients
without oncologic conditions (median age 71 years [range
41-96 years]; p = 0.001) (Table 1). Fifty-one percent (117
of 209) of all patients, 42% (77 of 183) of patients with
oncologic disease, and 87% (40 of 46) of patients with non-
oncologic condition were women. There were more female
than male patients in the non-oncologic cohort (p = 0.001)
(Table 1).

The decision regarding whether patients received
cemented or cementless distal femoral replacement was not
based on a strict algorithm. The type of fixation was chosen
for each patient based on patient-specific factors. Because
of the long observational period, we could not consistently
trace which parameters led to the decision about which
fixation method was chosen. However, we strongly believe
the indications for cemented or cementless fixation in distal
femoral replacement have not changed dramatically in our
institution over time. Usually, cementless fixation is pre-
ferred in young, active patients and primarily in those with
primary bone tumors, whereas cemented fixation is mainly
used in older patients with expected poor bone quality or
metastatic bone lesions. However, bone quality and patient
activity level were not assessed for the entire patient cohort.
The type of fixation method (cemented or cementless) was
determined by using the patients’medical records, surgery
protocols, and radiographic analyses. Regardless of which
distal femoral replacement system was used, it always
consisted of a cemented or cementless modular component
that fit the metaphyseal and diaphyseal portion of the distal
femur.

In our study, the 149 patients receiving cementlessfixation
were younger (median age 31 years [range 16-55 years]) than
the 80 patients with cemented distal femoral replacement
(median age: 54 years [range 27-72 years]; p = 0.001). Male
and female patients were equally distributed between the
cemented and cementless cohorts. Endoprosthetic systems
used in this study were a fixed-hinge type of prosthesis
(HowmedicaModular Replacement System, Kiel, Germany)
and, beginning in 1999, a modified rotating-hinge version of
the fixed-hinge type (Global Modular Replacement System,
Stryker, Kalamazoo, MI, USA) (Table 1). Both systems un-
derwent several design changes and technical modifications
over time. The fixed-hinge system was regularly used until
2002. After 2002, the rotating-hinge type was the main sys-
tem used for distal femoral replacement.

Revision procedures were defined as any reoperation
linked to the previous distal femoral replacement.
Complications causing revision surgery were classified
with the classification system proposed by the International
Society of Limb Salvage [13].

Themedian follow-up duration in the overall cohort was
85 months (range 0.1-391 months). Thirty-two percent (58
of 183) of oncologic patients and 48% (22 of 46) of non-

oncologic patients underwent cemented distal femoral
replacement, representing 35% of the overall cohort.
Thirty-seven percent (69 of 183) of the patients with on-
cologic disease and 30% (14 of 46) of the patients with non-
oncological disease who were included in this study have
not been seen in the past 5 years but are not known to have
died in the meantime. During the observation period, 30%
of the patients (69 of 229) died after distal femoral re-
placement, 64 of whom were in the oncologic cohort. One
oncologic patient died within 3 days after distal femoral
replacement because of a pulmonary embolism. Most
patients (42 of 64) died because of oncologic disease.
Twenty-one oncologic patients died of unrelated reasons.
Of the five non-oncologic patients, one patient died be-
cause of a thromboembolic complication. The remaining
four patients died of reasons unrelated to distal femoral
replacement. According to the International Society of
Limb Salvage’s classification system, complications lead-
ing to revision surgery during the observation period (1983
to 2016) were soft-tissue failure (Type 1) in 24 patients (16
with oncologic disease), aseptic loosening (Type 2) in 35
patients (30 with oncologic disease), structural failure
(Type 3) in 19 patients (17 with oncologic disease), in-
fection (Type 4) in 33 patients (27 with oncologic disease),
and tumor progression (Type 5) in five patients. Because
the type of distal femoral replacement and the designs of
these systems have changed over time, we wanted to ob-
serve whether technical modifications have led to a dif-
ference in the cumulative incidence of revision surgery.
Because of the low number of fixed-hinge prostheses in the
group of patients with non-oncologic diagnoses (three), we
were only able to perform a competing risk analysis for the
type of prosthesis in patients with oncologic disease. Fixed-
hinge prostheses showed a higher cumulative incidence of
revision than did the rotating-hinge type. The cumulative
incidence of revision surgery for fixed-hinge prostheses
was 48% (95%CI, 35.3%-59.7%) at 2 years and 64% (95%
CI, 50.5%-74.5%) at 5 years, whereas that for the rotating-
hinge prosthesis was 29.4% (95% CI, 21.2%-38%) at 2
years and 41.6% (95% CI, 31.8%-51%) at 5 years (Gray’s
test: p = 0.01).

Statistical Analysis

The inverse Kaplan-Meier method [27] was used to quantify
the median follow-up time. To estimate the cumulative in-
cidence of revision surgery (the primary outcome), a com-
peting risk analysis was performed. This method was used
instead of a conventional survival analysis (for example,
Kaplan-Meier or Cox proportional hazard regression) to
correctly account for the competing event of death, whose
occurrence precluded the event of interest (revision surgery).
Gray’s test [9] was used to test for statistically significant
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differences in the cumulative incidence functions for re-
vision surgery between patient groups. To evaluate the in-
fluence of potential prognostic factors, including diagnosis
(oncologic versus non-oncologic), fixation type (cemented
versus cementless), year of distal femoral replacement, age,
and sex on the occurrence of revision surgery, univariate and
multivariate Fine and Gray [6] models were applied. To test
for a potential difference in the effect of the prognostic factor
of fixation between patients with an oncologic disease and
those without, with respect to the occurrence of revision, the
interaction term fixation*group was tested in the multivari-
ate model. Gray’s test was used to calculate differences in
the cumulative incidence of revision surgery in patients with
oncologic disease regarding their implanted distal femoral
replacement design (fixed hinge versus rotating hinge). Only
three patients with non-oncologic disease had a fixed hinge-
type prosthesis; therefore, this factor was only calculated for
the group of patients with oncologic disease. To explore
potential differences in the most frequent modes of failure
(aseptic loosening and infection) between patient groups,
separate competing risks analyses were performed. Death
was considered a competing event, as were revision sur-
geries for other causes of failure. The cumulative incidence
functions were estimated, and differences between patient
groups with respect to the cumulative incidence functions
were tested using Gray’s test. Additionally, separate uni-
variate Fine and Gray models were used to quantify the
influence of potential prognostic factors on the occurrence of
the two failure reasons (aseptic loosening and infection,
respectively).

To evaluate differences between groups of patients, the
nonparametric Wilcoxon rank sum test (for continuous
variables) and chi-square-test (for binary variables) were
applied.

Two-sided p values < 0.05 were considered statistically
significant. The statistical analysis was performed using
SPSS software, version 23.0 (SPSS Inc., Chicago, IL,
USA) and SAS, version 9.4 (SAS Institute Inc., Cary,
NC, USA).

Results

The competing risks analysis revealed cumulative inci-
dences of revision of 26% (95% CI, 20.3%-31.9%) at
12 months, 37.9% (95% CI, 31.3%-44.4%) at 24 months,
52.6% (95%CI, 45.1%-59.5%) at 5 years, and 58.2% (95%
CI, 50.1%-65.4%) at 10 years for all patients in this study
(Fig. 2). Regarding the implant fixation method, no dif-
ference in the cumulative incidence of revision for any
reason (Type 2 to Type 5) was found overall between the
cemented (36.1%; 95% CI, 25.2%-47% at 2 years; 43.3%;
95% CI, 31.2%-54.9% at 5 years) and cementless cohorts
(38.9%; 95% CI, 30.7%-47.% at 2 years; 57.3%; 95% CI,

47.8%-65.6% at 5 years; Gray’s test: p = 0.121) (Fig. 3A).
Nevertheless, cementation was associated with a lower
cumulative incidence of revision surgery for aseptic loos-
ening (Type 2) than cementless was, with an incidence of
6.9% (95% CI, 2.5%-14.3%) at 2 years and 8.6% (95% CI,
3.4%-16.8%) at 5 years compared with 11.8% (95% CI,
7%-17.9%) and 19.7% (95% CI, 13.2%-27.1%; Gray’s
test: p = 0.04) (Table 2A). There was no difference in the
cumulative incidence of revision for infection (Type 4)
between cemented and cementless fixation (cemented:
10.6%; 95% CI, 4.9%-18.8% at 2 years and 14.3%; 95%
CI, 7.1%-24% at 5 years versus cementless: 11.9%; 95%
CI, 7.2%-17.8% at 2 years and 15.8%; 95% CI, 10.1%-
22.7% at 5 years; Gray’s test: p = 0.76) (Table 2B).

We found that the cumulative incidence of revision did
not vary by date of surgery during the studied time period.
Patients undergoing distal femoral replacement were di-
vided in three groups based on their date of surgery (1983
to 1993, 1994 to 2003, and 2004 to 2016). With a cumu-
lative incidence of revision at 5 years of 59% (95% CI,
44.1%-71.2%) from 1983 to 1993, 48.4% (95%CI, 35.6%-
60.1%) from 1994 to 2003, and 49.2% (95%CI, 37.3-60.1)
from 2004 to 2016, Gray’s test did not reveal differences in
the cumulative incidence among the three periods (p =
0.21). Using univariate and multivariate Fine and Gray
models (adjusted for disease, age, sex, and cementation),
the year of surgery did not have any effect on the risk of
revision surgery (univariate: 1994 to 2003: hazard ratio
0.66; 95% CI, 0.43-1.01 versus 2004 to 2016: HR 0.74;
95% CI, 0.4801.12; p = 0.125; multivariate: 1994 to 2003:
HR 0.70; 95%CI, 0.46-1.07 versus 2004 to 2016: HR 0.83;
95% CI, 0.52-1.34; p = 0.26) (Table 3).

With the numbers we had, we could not show a differ-
ence in the cumulative incidence of revision for any cause

Fig. 2 This figure shows a competing risk analysis of the
overall cohort, including the cumulative incidence of revision,
with death as a competing event.
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(Type 1 to Type 5) between the cohort with oncologic dis-
ease (36.4%; 95% CI, 29.2%-43.5% at 2 years; 50.7%; 95%
CI, 42.7%-58.2% at 5 years) and the cohort with non-
oncologic disease (44.4%; 95%CI, 27.7%-59.8% at 2 years;
64.4%; 95% CI, 36.7%-82.5% at 5 years; Gray’s test:
p = 0.134) (Fig. 3B). The multivariate analysis (adjusted for
disease, sex, age, cementation, and year of surgery)
revealed a difference in the risk of revision surgery between
patients with oncologic disease and those without (HR 0.44
for oncologic versus non-oncologic; 95% CI, 0.22-0.87; p =
0.02) (Table 2). Additionally, themultivariate Fine andGray
model yielded an interaction between the two prognostic
factors of oncologic disease and cementation (p = 0.03),
revealing a reduction in the risk of revision with cemented
fixation in patients with oncologic disease (HR 0.53; 95%
CI, 0.29-0.98) (Fig. 4). In patients treated for oncologic

disease, the cumulative incidence of revision surgery for any
cause (Type 1 to Type 5) for the cemented cohort was es-
timated as 28.3% (95% CI, 17.1%-41%) at 2 years and
35.7% (95% CI, 22.5%-49.1%) at 5 years. In comparison,
the cementless cohort had a cumulative incidence of revision
of 40.1% (95% CI, 31.2%-48.8%) at 2 years and 57.1%
(95% CI, 47.3%-65.8%) at 5 years (Gray’s test: p = 0.012).
On the other hand, in patients treated for non-oncologic
conditions, no relevant effect of cementation was found (HR
1.79; 95% CI, 0.73-4.40), with no difference between the
cemented and non-cemented cohorts in terms of the cumu-
lative incidence of revision at 2 years (cemented: 61.4%;
95% CI, 33.2%-65.8% versus cementless: 29.3%; 95% CI,
11.4%-50%) and at 5 years (cemented: 68.5%; 95% CI,
37.4%-86.5% versus cementless: 76.4%; 95% CI, 3.4%-
97.9%; Gray’s test: p = 0.15).

Fig. 3 (A) The competing risk analysis revealed no difference in the cumulative incidence of revision between cemented (red line)
and cementless fixation (blue line) in the overall cohort (p = 0.121). (B) Additionally, no difference was found between patients with
oncologic disease (red line) and those with non-oncologic disease (blue line) (p = 0.134).

Table 2. The univariate Fine and Gray model was used to detect a potential influence of (A) aseptic loosening and (B) infection on
the risk of revision surgery

A.

Aseptic loosening (Type 2)

n
Cumulative incidence at 5

years (95% CI)
Hazard ratio (95%

CI) p value

Oncologic disease 0.81

No 46 16.3% (5.5%-32.3%) 1

Yes 183 15.7% (10.6%-21.8%) 1.12 (0.44-2.89)

Cementation 0.04

No 149 19.7% (13.2%-27.1%) 1

Yes 80 8.6% (3.4%-16.8%) 0.39 (0.16-0.93)

Year of surgery 0.58

1983-1993 54 17.3% (8.4%-28.8%) 1

1994-2003 71 13.9% (6.7%-23.5%) 0.66 (0.29-1.50)

2004-2016 104 16.2% (8.9%-25.3%) 0.75 (0.35-1.59)
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Discussion

Distal femoral replacement is often considered the stan-
dard therapeutic strategy for limb salvage in bone tumor
resections or revision arthroplasties. However, success
rates after distal femoral replacement have varied,
depending on the statistical method used for calculating
survivorship, the observational period, and the patient-
specific characteristics of the study cohorts. A number of
studies reported on implant survivorship after distal
femoral replacement without distinguishing between on-
cologic and non-oncologic reasons for implantation or the
method of implant fixation [15, 23, 24, 34, 35], even
though these factors might have a critical impact on the
risk of revision surgery and might not reflect the actual
implant survivorship for specific patient populations. This
study aimed to analyze whether the cumulative incidence
of revision surgery has changed over time and to further

elucidate whether there are possible differences in the
cumulative incidence and risk of revision surgery be-
tween patients with oncologic disease and those without
who underwent cemented or cementless distal femoral
replacement. This study revealed that the incidence of
revision surgeries after distal femoral replacement did not
decrease dramatically over time. With the use of a mul-
tivariate analysis, we were unable to detect differences in
the risk of revision surgery between patients with onco-
logic disease and those without, and we found that im-
plant fixation plays a critical role in these differences, but
only in patients treated for oncologic reasons. With the
use of the multivariate analysis, we were not able to detect
differences in the risk of revision surgery between patients
with oncologic disease and those without. According to
our results, implant fixation may have a major impact on
the risk of revision surgery in patients with oncologic
disease.

B.

Infection (Type 4)

n
Cumulative incidence at 5

years (95% CI)
Hazard ratio (95%

Ci) p value

Oncologic Disease 0.79

No 46 15.1% (5.9%-28.2%) 1

Yes 183 14.9% (9.9%-20.8%) 0.88 (0.36-2.15)

Cementation 0.63

No 149 15.8% (10.1%-22.7%) 1

Yes 80 14.3% (7.1%-24.0%) 0.83 (0.4-1.74)

Year of surgery 0.63

1983-1993 54 11.2% (4.5%-21.5%) 1

1994-2003 71 18.2% (9.8%-28.5%) 1.54 (0.63-3.77)

2004-2016 104 14% (7.8%-22%) 1.23 (0.5-3)

Table 3. Univariate and multivariate Fine and Gray model displaying prognostic factors for the risk of revision surgery for any cause
(Types 1 to 5) after distal femoral replacement

Univariate Multivariate

Hazard ratio 95% CI p value Hazard ratio 95% CI p value

Oncologic 0.73 0.45-1.17 0.19 0.44 0.22-0.87 0.02

Cementation 0.67 0.45-1.05 0.08 0.77 0.46-1.28 0.31

Age 0.99 0.99-1.00 0.11 0.99 0.98-1.00 0.05

Sex 1.06 0.74-1.52 0.75 1.11 0.74-1.69 0.60

Year of surgery 0.26

1994-2003 versus
1983-1993

0.66 0.43-1.01 0.06 0.70 0.46-1.07

2004 -2016 versus
1983-1993

0.74 0.48-1.15 0.15 0.83 0.52-1.34

Oncologic
cementation

0.53 0.29-0.98 0.03
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Limitations

This study has several limitations. This was a retrospective
cohort study with a long observational period, and it was
prone to substantial selection bias. In this context, indica-
tions for distal femoral replacement and the use of cement
might have changed over time. Although no specific algo-
rithm for the use of distal femoral replacement is followed,
we believe that especially in the non-oncologic setting,
indications for distal femoral replacement have changed
over time. With the application of metal augments and
modern, hinged revision TKA designs, currently, distal
femoral replacement might be restricted to treating severe
distal bone loss and/or severe osteopenia. The indications for
distal femoral replacement for oncologic and non-oncologic
diagnoses in this study were heterogenous. For patients with
oncologic disease, we included patients with primary ma-
lignant bone tumors, metastatic bone disease, and aggres-
sive, benign bone tumors. Not all of these patients received
chemotherapy, and life expectancy might have varied dra-
matically among patients. Because of the long observational
period, the investigated treatment strategies and implant
designs may not reflect the current standards for treating
primary bone tumors and performing revision arthroplasty
of the knee. However, analyzing the three time periods
(1983 to 1993, 1994 to 2003, and 2004 to 2016) regarding
the cumulative incidence of revision surgery did not reveal
any differences. Narrowing the observation period may also
have decreased the study’s power by reducing the number of
included patients. Additionally, the study lacked a potential
control group of patientswho underwent reconstructionwith
other methods. However, we believe that by including all
indications during the observational period, we increased the
generalizability of the results. By using the competing risk

analysis, we reduced the risk of misinterpreting our results
because of the variability of life expectancy.

Additionally, although we used multivariate statistical
models with important patient-related factors such as age,
sex, oncologic state, and year of surgery, we were not able
to include other important factors such as bone quality or
patient activity level because of the retrospective nature of
the study. The lack of these important variables needs to be
considered to interpret our data. We were also not able to
include any functional outcome data or patient-reported
outcome measurements because they were not collected
from all patients owing to the long observation period of
the study. The incidence of patients with oncologic disease
who were lost to follow-up was also relatively high (12%).
Our department is a specialized center for musculoskeletal
oncology and patients from other countries are referred for
surgical treatment, but postoperative care and follow-up
visits are conducted in the patients’ home countries.
Unfortunately, a higher number of patients were lost to
follow-up immediately postoperatively.

Overall Survivorship of Cemented and Cementless
Distal Femoral Replacement

We found the overall incidence of revision increased over
time to 58% at 10 years when both patient groups were
included in the competing risk analysis. Cementation did
not have any effect on the cumulative incidence of revision
surgery for any cause in our overall cohort. However,
cemented distal femoral replacements were less frequently
revised because of aseptic loosening than cementless
endoprostheses in patients who underwent surgery for
oncologic indications. With almost 12% of aseptic loos-
ening of cementless implants occurring within the first 2
years, we believe that initial implant fixation or osseoin-
tegration was not achieved in patients with oncologic dis-
ease. Possible reasons for failed osseointegration in
patients with cementless distal femoral replacement are
discussed in detail below. Our results are comparable to
other reports, especially when patients are not distin-
guished based on oncologic and non-oncologic diagnoses.
Pala et al. [22] described a failure rate of 29.8% after a
median of 1.3 years after implantation using the same type
of implant in patients with oncologic diagnoses and those
with non-oncologic diagnoses. The 5-year implant survival
estimate was similar to our results, but the authors did not
use a competing risk analysis to calculate survivorship.
Toepfer et al. [35] also showed comparable results between
patients with oncologic diagnoses and those without. The
authors reported a failure rate of 47% after 5 years. Similar
to our results, the authors were not able to detect differ-
ences between patients with oncologic disease and those
without by solely comparing implant survivorship.

Fig. 4 Cementation (red line; cementless = blue line) was as-
sociated with a difference in the cumulative incidence of re-
vision surgery for any reason (Type 1 to Type 5) in patients with
oncologic disease, as seen in the competing risk analysis (p =
0.012).
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Was There a Change in the Incidence of Revisions
During the Observation Period (1983 to 2016)?

We found that the cumulative incidence of revision did not
vary by date of surgery during the studied time period.
Despite the evolution of surgical techniques and designs
for distal femoral replacement, we found a high overall
complication rate in this long-term observation study.
Complications were assessed using the International Society
of Limb Salvage’s classification system for modes of failure
of limb salvage procedures [13]. The advantage of this
system is that it not only summarizes all major complications
that might occur after distal femoral replacement, but it also
arranges complications in ascending order according to their
severity (from Type 1 to Type 5). However, a limitation of
this classification system in this particular study is that Type
5 complications (tumor progression) only occurred in the
oncologic cohort. Fortunately, Type 5 complications oc-
curred in only 3% of the oncologic cohort and it was
therefore the least frequently observed complication. These
findings suggest that future studies on this topic should
distinguish between oncologic and non-oncologic patients.
The rate of aseptic loosening was the highest in the onco-
logic cohort. In oncologic patients, cementless fixation may
be associated with aseptic loosening. Because patients with
oncologic indications for distal femoral replacement were
generally much younger than patients with non-oncologic
indications, patients with high expectations in terms of
sports activity may be more likely to receive cementless
distal femoral replacement. This leads to greater loading
forces that may result in aseptic loosening. Unfortunately,
we cannot give any statements regarding sports activity in
this cohort. Furthermore, our results show that evolution of
the design of the prosthesis from a fixed hinge to a rotating
hinge led to a decrease in the cumulative incidence of re-
vision surgery. With the transition from fixed-hinge to
rotating-hinge designs, efforts have been made to reduce the
risk of bushingwear (Type 3) and aseptic loosening (Type 2)
[19]. Unfortunately, with the sample size we had, we were
not able to calculate the risk of revision surgery for each
complication individually. Despite the beneficial effects of
the rotating-hinge design, we were not able to detect a re-
duction in the risk of revision surgery from 1983 to 2016.
We assume that the high revision rate is more likely because
of the complexity of the operations and comorbidities and
conditions of the patients than because of the endoprosthetic
design alone.

Survivorship by Oncologic versus Non-
oncologic Indications

The cumulative incidence of revision surgery did not differ
between oncologic and non-oncologic patients. However,

the multivariate analysis adjusted for important variables
such as age, sex, disease (oncologic versus non-oncologic),
cementation, and year of surgery clearly showed that
patients with oncologic diagnoses have a lower risk of un-
dergoing revision surgery than patients with non-oncologic
diagnoses. Thesefindings are surprising because the patients
with oncologic disease were younger and tended to be more
active, and therefore were expected to have a higher risk of
revision surgery than those who did not have oncologic
disease. However, because patients undergoing distal fem-
oral replacement for non-oncologic reasons often had un-
dergone several prior revision surgeries, the risk of revision
after distal femoral replacement might have been increased.

Additionally, we found that the type of fixation affected
the cumulative incidence of revision surgery in patients with
oncologic disease, whereas in non-oncologic patients, ce-
mentation did not lead to any changes.With the numbers we
had and the variables included in our multivariate analysis,
we detected a lower cumulative incidence and decreased risk
of revision surgery for cemented distal femoral replacement
in the oncologic cohort. However, as mentioned, we were
not able to include additional essential variables such as
bone quality and activity level in our analysis. A possible
reason for superior revision-free survival in the cemented
oncologic cohort is that chemotherapy negatively influences
osseointegration. In a recent study by Elalfy et al. [5],
patients treatedwith chemotherapy had a higher revision rate
and impaired new-bone formation in cementless implants
with compression fixation. However, several other studies
have shown similar negative effects on bone formation after
chemotherapy [7, 21, 33]. In particular, Pugh et al. [25]
found greater survival and lower revision rates in oncologic
patients with cemented endoprostheses than in those with
uncemented endoprostheses. They also found a higher re-
vision rate in patients undergoing chemotherapy than in
patients without chemotherapy. Myers et al. [19] empha-
sized using a cemented diaphyseal stem with a
hydroxyapatite-coated collar in oncologic patients un-
dergoing distal femoral replacement. Nonetheless, that study
investigated a different distal femoral replacement system;
therefore, it may be more difficult to compare the implant
survivorship with that of the present study. Other reports
using the same distal femoral replacement systems had
similar observations to our study, despite the use of different
classifications of failure mechanisms [19, 32]. Additionally,
our results are comparable to the mid- to long-term results of
another study using similar distal femoral replacement sys-
tems [22] and to those of other institutions using different
distal femoral replacement systems [2, 3, 30]. There is still
debate about fixationmethods in distal femoral replacement.
Although we found greater survivorship for cemented distal
femoral replacement in patients with oncologic disease,
supporting and contradictory results can be found in the
reports of others [5, 10, 15, 19]. For example, Hu et al. [15]
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detected better survival in patients with cementless fixation
than in those with cemented fixation. However, unlike our
study, the authors did not distinguish between oncologic and
non-oncologic patients. We believe there are three possible
explanations for these contradictory results. First, the dif-
ferences in implant survivorship between cemented and
uncemented fixation are negligible, and differences in im-
plant survival regarding cementation are only individual
study-related phenomena. This might be why some reports
on the fixation method in distal femoral replacement could
not detect any difference between cemented and cementless
fixation [1, 10, 18]. Second, only a few studies have used a
competing risks analysis to determine revision-free survival
in patients undergoing distal femoral replacement. A com-
peting risks analysis gives a more accurate estimation of
revision-free survival because a conventional survival
analysis does not adequately consider competing events
[29]. Given the high morbidity of these patients, patients
who die of their disease or comorbidities are no longer at risk
of having complications. Third, owing to the heterogeneity
of previous studies, it may not be feasible to compare their
results in terms of implant survivorship. Therefore, to de-
crease confounding factors, the study population should
remain as homogenous as possible.

Conclusion

This study indicates that even with improvements in sur-
gical techniques and implant designs, distal femoral re-
placement still shows a high revision rate and reduced
implant survival. Because of differences in patient de-
mographics and the cumulative incidence of revision sur-
gery regarding fixation methods, we cannot make any
definitive conclusions, but the implant survival of the
cohorts with and without oncologic disease with respect to
distal femoral replacement seems comparable. We may
have an insufficient number of patients to confirm there is
no real difference in revision rates between these two
groups, but we recommend that future studies examining
the results of distal femoral replacement evaluate these two
indications separately.
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