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Abstract
Purpose  This study was initiated to analyze the outcome after distal femoral replacement (DFR) for periprosthetic distal 
femoral fractures (PDFF).
Methods  Data from the German Arthroplasty Registry (EPRD) were analyzed. A total of 626 patients could be identified 
with a DFR for PDFF. Mean age was 78.8 years, and 84.2% were female. Revisions and mortality were analyzed and com-
pared with patient groups with a similar procedure (revision total knee arthroplasty) or similar general condition (fracture 
total hip arthroplasty, hip hemiarthroplasty). Matched-pair-analyses were performed.
Results  Within one year after surgery, 13.2% of the patients had died and further 9.4% were revised. Within four years, 32.7% 
had died and 19.7% were revised. Revisions were nearly twice as high as in the comparison groups. Periprosthetic infection 
(PJI) was the most frequent cause for revision, resulting in a PJI rate of 12.8%, which was lower in the comparison groups. 
Mortality after DFR was as similar high as after fracture hip arthroplasty.
Conclusion  PDFF are a serious injury, and the necessary surgical treatment has a high risk of complications. Every third 
patient after DFR for PDFF had died and every fifth patient needed revision within 4 years after surgery. Efforts should be 
undertaken to provide optimal treatment to these high-risk patients to reduce unfavorable outcomes.
Level of evidence  III.
Registration of clinical trials  As this is a registry-derived study of data of the German Arthroplasty Registry (EPRD), no 
registration was performed.
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Introduction

As a result of aging populations and increasing numbers of 
knee arthroplasties worldwide, the numbers of periprosthetic 
fractures are rising accordingly. Among them, periprosthetic 
distal femoral fractures (PDFF) are frequent. The incidence 
has been estimated at 2.4 per 100,000 per year [1]. Peripros-
thetic femoral fractures are challenging injuries as mostly 

geriatric patients with serious comorbidities are affected. 
These patients are at high risk for complications due to 
their general condition [2–5]. Furthermore, bone quality 
is often reduced, making the treatment even more difficult. 
Depending on the fracture type, bone quality and fixation 
of the total knee arthroplasty (TKA), there are two differ-
ent treatment options: fixation or revision arthroplasty [6]. 
For well-fixed TKA and acceptable bone-stock, fixation is 
usually performed. In cases with comminution/poor bone-
stock and/or loose TKA, revision arthroplasty is necessary 
[7, 8]. In these cases, distal femoral replacement (DFR) can 
be used. This is a major but straightforward surgery, usually 
allowing the patient immediate full weight-bearing (Fig. 1). 
In geriatric patients, full weight-bearing is of crucial impor-
tance, as many of them may not be able to comply with 
partial weight-bearing and immobility is a serious risk for 
complications [9–11]. Sometimes both treatment options are 
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possible and the surgeon needs to decide which option is 
best for the individual patient. To enable evidence-based 
shared decision making both, the surgeon and the patient 
need to know which risks are associated with the surgery 
and what outcome can be expected.

To date, four meta-analyses have been published on this 
topic [12–15]. These meta-analyses included only small case 
series with level IV evidence, making it difficult to estimate 
the real-world revision rate and mortality. All four meta-
analyses acknowledged the limited data, a high risk of bias 
and recommended further studies. Recently, two analyses 
from the Australian Joint Replacement Registry (AOAN-
JRR) reported about DFR in PDFF [16] and native knee 
fractures [17]. Despite being one of the oldest Arthroplasty 
registry, the number of cases for analysis was limited.

The German Arthroplasty Registry (EPRD) receives 
reliable information on revision rates and mortality from 
hospitals and health insurance companies once the patient 
is entered into the registry database [18]. These data can 
therefore be used to increase the knowledge about these seri-
ous injuries.

The primary aim of this study was to investigate the revi-
sion rate and mortality after DFR for PDFF in a large cohort 
from the EPRD. Secondary, a comparison of the results 
with EPRD data of patient groups with a similar surgical 

procedure (revision total knee arthroplasty, RTKA) or simi-
lar general condition (fracture total hip arthroplasty, FTHA, 
hip hemiarthroplasty, HA) was performed.

Materials and methods

The EPRD started data acquisition in November 2012 and 
has currently a total number of more than 2 million hip and 
knee replacements in its database. It includes primary and 
revision arthroplasty surgeries. Although participation is 
voluntary, about 70% of all hip and knee arthroplasties in 
Germany are covered [19]. Prior to enrollment in the regis-
try, all patients provided informed consent at the participat-
ing hospital. Once entered into the registry database, the 
follow-up of an arthroplasty is nearly complete because 
data on revisions are obtained not only from hospitals, but 
additionally from health insurance companies. Data about 
comorbidities and death are obtained from health insurance 
companies on a regular basis [18].

Patients were included in this study if they were entered 
with (1) TKA revision and (2) revision cause of peripros-
thetic fracture and (3) distal femoral replacement was 
implanted during that revision. From a total number of 
37,591 TKA revisions which were registered in the EPRD 

Fig. 1   78-year-old female patient with a PDFF and revision to DFR, immediate weight-bearing on crutches after surgery, after 3 years still walk-
ing with one cane, no signs of loosening
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until 2021, 626 were identified with a diagnosis of peripros-
thetic fracture in which a DFR was used as the initial proce-
dure for that fracture. Patients with a DFR but different diag-
nosis (e.g., pseudarthrosis after failed fracture fixation) were 
not included. For comparison to a similar surgical procedure, 
RTKA for aseptic loosening was used (n = 8,761). For com-
parison to patient groups with a similar general condition, 
total hip arthroplasty for femoral neck fractures (FTHA, 
n = 23,578) and hip hemiarthroplasty (HA, n = 47,901) were 
used.

Events of interest were revisions and mortality. Revisions 
were further discriminated into periprosthetic joint infection 
and aseptic revisions.

There were significant differences between the groups 
regarding age, gender, BMI (body mass index) and comor-
bidities (weighted Elixhauser score) which are described in 
Table 1. To reduce the bias by these factors a Mahalanobis-
Distance-Matching was performed. After matching there 
were still significant differences between groups regarding 
age, but these differences were small and were therefore con-
sidered as clinically not relevant.

Statistical analysis

Data description was based on absolute and relative frequen-
cies and means (standard deviation, SD) or 95% confidence 
interval (CI)). Patients were followed-up with respect to 
revision, death or amputation including the replaced joint. 
Kaplan–Meier survival analysis was performed to estimate 
cumulative incidence for revision for any reason (cumulative 
revision rate, CRR) and mortality. Patients with incomplete 
follow-up, those who did not require a revision up to the end 
of the follow-up period or prior to their death or amputa-
tion, have been regarded as being ‘censored’ at those times. 

Differences between groups were tested using the log-rank 
test. Significance level was set to 0.05. All analyses were 
performed using R statistical software (R Foundation for 
Statistical Computing, Vienna, Austria).

Results

A total of 626 DFR for PDFF were analyzed. These surgeries 
were performed in 254 hospitals. In the comparison groups, 
the respective surgeries were performed in a higher number 
of different hospitals (RTKA 614 hospitals, FTHA 632 hos-
pitals, HA 556 hospitals). In most cases, DFR was cemented 
(66.5%), but in 25.7% cementless stems were used for femur 
and tibia fixation. Demographic data of the DFR group and 
comparison groups are presented in Table 1.

The analysis demonstrated a high all-cause cumulative 
revision rate (CRR) of 9.4% for the DFR group within the 
first year, which was lower in the unmatched comparison 
groups: RTKA (5.5%), FTHA (6.1%) and HA (4.6%). There 
was no relevant change in revision rates after matching for 
age, gender, BMI and comorbidities (Table 2, Figs. 2 and 3).

In the DFR group, revision rates were not statistically 
significant different between cemented and cementless stem 
fixation (p = 0.07, Fig. 4).

These revision rates were mainly caused by periprosthetic 
joint infection (PJI), which accounted for 62.5% of all revi-
sions in the DFR group, resulting in a PJI rate of 12.8%. 
PJI was also the leading revision cause in the comparison 
groups: 41.3% in RTKA, 34.8% in FTHA and 48.7% in HA.

Cumulative mortality was high after DFR (13.2% after 
1 year, 32.7% after 4 years). This was considerably lower 
in RTKA (1.7% after one, 8.6% after 4 years), equivalent 
in FTHA (12.0% after one, 31.2% after 4 years) but much 

Table 1   Characteristics of patient groups, crude data and after Mahalanobis-Distance-Matching (1:1 RTKA, 1:6 FTHA and 1:6 HA)

BMI body mass index, DFR distal femoral replacement, FTHA fracture total hip arthroplasty, HA hip hemiarthroplasty, RTKA revision total knee 
arthroplasty, SD standard deviation

Crude data
(mean (SD) or relative frequen-
cies)

DFR
n = 626

RTKA
n = 8761

FTHA
n = 23,578

HA
n = 47,901

p value

Age at surgery (years) 78.8 (9.4) 70.3 (9.9) 74.9 (9.9) 83.7 (7.7) < 0.001
Female gender (%) 84.2 65.9 70.3 71.7 < 0.001
BMI (kg/m2) 29.0 (5.8) 31.2 (6.1) 25.2 (4.4) 24.7 (4.2) < 0.001
Elixhauser score 6.1 (7.3) 1.8 (5.3) 5.4 (6.9) 8.7 (7.9) < 0.001

After matching DFR
n = 626

RTKA
n = 626

FTHA
n = 3756

HA
n = 3756

p value

Age at surgery (years) 78.8 (9.4) 78.2 (8.8) 78.6 (9.1) 79.2 (9.0) 0.018
Female gender (%) 84.2 84.2 84.2 84.2 1.000
BMI (kg/m2) 29.0 (5.8) 29.1 (5.7) 28.8 (5.6) 28.7 (5.5) 0.109
Elixhauser score 6.1 (7.3) 5.9 (7.1) 6.1 (7.2) 6.4 (7.0) 0.419
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higher in HA (30.9% after one, 63.0% after 4 years). After 
matching to quite similar groups regarding age, gender, BMI 

and comorbidities, the differences between groups were 
lower but remained significant (Table 3, Figs. 5 and 6).

Table 2   cumulative revision rate in percent, crude data and after matching 1:1 to RTKA and 1:6 to FTHA and HA

CI confidence interval, DFR distal femoral replacement, FTHA fracture total hip arthroplasty, HA hip hemiarthroplasty, RTKA revision total knee 
arthroplasty

Crude data
(mean (95% CI)

DFR
n = 626

RTKA
n = 8761

FTHA
n = 23,578

HA
n = 47,901

1 year 9.4 (7.2, 12.2) 5.5 (5.0, 6.0) 6.1 (5.8, 6.4) 4.6 (4.4, 4.8)
2 years 13.0 (10.2, 16.4) 9.0 (8.4, 9.7) 6.7 (6.4, 7.0) 4.9 (4.7, 5.1)
3 years 16.4 (13.1, 20.4) 11.5 (10.7, 12.2) 7.1 (6.8, 7.5) 5.1 (4.8, 5.3)
4 years 19.7 (15.7, 24.5) 13.5 (12.6, 14.4) 7.5 (7.1, 7.9) 5.2 (5.0, 5.5)

After matching n = 626 n = 626 n = 3756 n = 3756

1 year 9.4 (7.2, 12.2) 7.0 (5.2, 9.3) 6.8 (6.0, 7.7) 4.8 (4.1, 5.5)
2 years 13.0 (10.2, 16.4) 9.4 (7.2, 12.2) 7.3 (6.5, 8.3) 5.2 (4.4, 6.0)
3 years 16.4 (13.1, 20.4) 11.6 (9.0, 14.9) 7.6 ( 6.7, 8.6) 5.3 (4.5, 6.1)
4 years 19.7 (15.7, 24.5) 12.0 (9.4, 15.4) 8.1 (7.2, 9.2) 5.6 (4.8, 6.5)

Fig. 2   All-cause revision rate for DFR for PDFF and RTKA for aseptic loosening (p = 0.006)

Fig. 3   All-cause revision rate for DFR for PDFF and RTKA for aseptic loosening after 1:1 matching (p = 0.02)
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Fig. 4   All-cause revision rate for cemented and cementless DFR fixation (p = 0.07)

Table 3   cumulative mortality in percent, crude data and after matching 1:1 to RTKA and 1:6 to FTHA and HA

CI confidence interval, DFR distal femoral replacement, FTHA fracture total hip arthroplasty, HA hip hemiarthroplasty, RTKA revision total knee 
arthroplasty

Crude data
(mean (95% CI)

DFR
n = 626

RTKA
n = 8761

FTHA
n = 23,578

HA
n = 47,901

1 year 13.2 (10.7, 16.2) 1.7 (1.4, 2.0) 12.0 (11.6, 12.4) 30.9 (30.5, 31.3)
2 years 19.2 (16.1, 22.8) 3.5 (3.1, 4.0) 18.2 (17.7, 18.8) 42.7 (42.3, 43.3)
3 years 26.0 (22.2, 30.3) 6.0 (5.4, 6.6) 25.0 (24.3, 25.6) 53.8 (53.2, 54.3)
4 years 32.7 (28.3, 37.7) 8.6 (7.9, 9.4) 31.2 (30.5, 32.0) 63.0 (62.4, 63.6)

After matching n = 626 n = 626 n = 3756 n = 3756

1 year 13.2 (10.7, 16.2) 5.3 (3.8, 7.5) 14.4 (13.3, 15.6) 21.4 (20.1, 22.8)
2 years 19.2 (16.1, 22.8) 8.2 (6.2, 10.9) 20.6 (19.3, 22.1) 31.5 (29.9, 33.1)
3 years 26.0 (22.2, 30.3) 13.4 (10.6, 16.9) 28.1 (26.4, 29.8) 40.9 (39.1, 42.8)
4 years 32.7 (28.3, 37.7) 16.0 (12.7, 20.0) 33.8 (31.9, 35.8) 49.7 (47.6, 51.9)

Fig. 5   Mortality after DFR for PDFF, RTKA for aseptic loosening, FTHA and HA (p < 0.001)
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Discussion

PDFF are serious injuries which usually need surgical treat-
ment. The goal is to save as much bone as possible and to 
enable weight-bearing. If the fracture and the bone-stock 
allow, fixation is usually preferred. If this is not possible 
revision arthroplasty, often with a DFR is necessary. This 
large cohort study from the EPRD investigated the most seri-
ous complications of DRF for PDFF, revision and mortality.

The revision rate in this study was nearly 20% after 
4 years. This is slightly higher than in previous meta-analy-
sis. Wadhwa et al. [15] found a reoperation/revision rate of 
14.2% after mean 35 month of follow-up. Quinci et al. [13] 
reported a reoperation rate of 19%. In the studies included 
by Rubinger et al. [14] reoperation rates ranged from 0 to 
45%. Recent analysis from the AOANJRR reported revision 
rates of 12% for DFR in PDFF after 6 years [16] and 12% 
after 4 years in native knee fractures [17]. As in the AOAN-
JRR, this study showed no significant difference between 
cemented and cementless stem fixation which might be 
caused by the low number of cementless DFR. Taking into 
consideration the predominantly female geriatric population 
with often limited bone quality, it seems reasonable to con-
sider cemented fixation as the standard.

The main cause of revision in this study in the DFR group 
was PJI with 62.5% of all revisions, resulting in a PJI rate of 
12.8%. Further discrimination of the aseptic revision causes 
was not possible because some revisions were reported by 
health insurance companies only. In these cases, only infec-
tion and aseptic revision could be distinguished. This PJI 
rate is higher than previously reported. Mechas et al. [12] 
reported a meta-effect estimate of 4.3% (95% CI 2.2–8.2), 
Wadhwa et al. [15] of 5.7% and Quinci et al. [13] of 9%. In 
all three meta-analyses, the limited evidence due to the low 

quality and case numbers of the included studies, publication 
bias and loss to follow-up was acknowledged. It was sug-
gested to consider these rates as the lower bound estimate. 
This explains the higher rate in this EPRD-derived study, 
which ensured nearly complete follow-up of arthroplasties. 
However, in the registry studies from the AOANJRR about 
DFR the infection rate was 4.4% for PDFF (accounting for 
37% of all revisions) and only 2.6% for native knee fractures 
(accounting for 25% of all revisions) [16, 17]. This large dif-
ference between Australia and Germany may be explained 
by the number of hospitals performing that surgeries. While 
DFR was performed in 254 hospitals in Germany—which 
results in mean in only 2.5 cases per hospital—this might 
be different if a larger number of surgeries are performed 
in specialized hospitals in Australia. The patients from the 
AOANJRR were slightly younger, but otherwise similar with 
regard to gender and BMI. Comorbidities could not be com-
pared directly between the AOANJRR and EPRD cohorts 
because ASA score has been commenced in the EPRD not 
until 2020 and was therefore not available for most patients. 
However, mortality was considerably higher in the EPRD 
cohort which might indicate more comorbidities and frailty. 
These are also well-known risk factors for PJI.

Mortality was unsurprisingly high in this geriatric popu-
lation with 13.2% after one year. Much higher mortality rates 
up to 36% in the first year have been reported in case series 
[20]. This is comparable to the meta-analysis of Mechas 
et al. [12] who reported a pooled 1-year mortality of 10% 
(95% CI 6–18). Quinci et al. [13] reported a 1-year mortality 
of 6% and within mean 30-month follow-up of 13%. These 
mortality rates are higher than for many oncologic diseases 
and efforts should be undertaken to improve recovery and 
survival of the patients. Crucial points for improvement 
could be the recognition of the severity of these injuries as 

Fig. 6   Mortality after DFR for PDFF, RTKA for aseptic loosening, FTHA and HA after matching 1:1 to RTKA and 1:6 to FTHA and HA 
(p < 0.001)
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well as timing of surgery and immediate postoperative mobi-
lization with unrestricted weight bearing [21]. Mortality was 
much less in the Australian registry study with patient sur-
vival of 97% at 5 years and 83% at 10 years, respectively. 
As mentioned above, these differences might be caused by 
differences in the patient populations regarding age and 
comorbidities.

To account for differences in patient populations, DFR 
for PDFF was compared to a similar but elective procedure 
(RTKA) and to similar population groups with a non-elec-
tive surgery (FTHA, HA). After matching to similar patient 
groups regarding age, gender, BMI and comorbidities, 
revisions at any time were nearly twice as high in the DFR 
group compared to elective RTKA. This demonstrates the 
importance of careful patient preparation for a major surgery 
and might be a point for improvement in PDFF. Mortality 
was two to three times higher in DFR compared to elective 
RTKA and equivalent to FTHA in femoral neck fractures as 
a typical geriatric trauma. The similar general health condi-
tion of patients who sustain a hip fracture or a periprosthetic 
femur fracture has recently described in a British cohort 
[5]. Only HA had an even higher mortality. This can be 
explained by the fact that usually only frail patients with a 
limited life expectancy receive that type of hip arthroplasty.

The strength of the presented study is its sample size, 
which is higher than published meta-analysis and registry 
studies so far. Furthermore, the nearly complete follow-up 
allows for reliable and realistic data. We acknowledge some 
limitations. In general, registry-based studies lack detailed 
information about the included patients. It is therefore 
unknown how decision for the revision to DFR was made 
and if alternative treatment options would have been avail-
able. The EPRD is a voluntary arthroplasty registry. There-
fore, not all DFR performed in Germany was included. How-
ever, data can be considered representative as about 70% 
of all arthroplasties were covered and hospitals which do 
not provide data are smaller hospitals which usually do not 
perform revision surgery. Only information on revisions and 
mortality could be analyzed. Further outcomes (e.g., func-
tion, ambulation) are not entered into the registry but are of 
interest for shared-decision making. As only arthroplasties 
are recorded in the EPRD we were not able to compare DFR 
to fracture fixation. We were not able to further discriminate 
aseptic revision causes which is of interest to improve the 
results. Therefore, further studies from centers with relevant 
numbers of PDFF and complete follow-up data with more 
detailed information are needed.

In conclusion, periprosthetic distal femoral fractures 
are serious injuries and the necessary surgical treatment is 
associated with high risks. This registry-based study dem-
onstrated a high mortality which was similar to hip fracture 
arthroplasty. Revisions were nearly twice as high as in com-
parable elective revision TKA. Efforts should be undertaken 

to provide optimal treatment to these high-risk patients to 
reduce the revision rate and mortality.
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