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Background and purpose — Distal femoral fractures 
(DFF) in older patients have mortality rates comparable to 
fractures of the proximal femur. An ageing population com-
bined with an increasing number of patients undergoing 
total knee arthroplasty (TKA) will make periprosthetic distal 
femoral fractures (pDFF) more common. We investigated 
whether a pre-existing TKA influences mortality rates.

Patients and methods — All patients ≥ 60 years reg-
istered in the Swedish Fracture Register with a DFF sus-
tained between March 20, 2011 and December 31, 2020 
were included. The study cohort comprised 2,725 patients, 
of which 650 had a pDFF. Unadjusted 90-day and 1-year 
mortality was estimated via Kaplan–Meier survival curves. 
A Cox regression model adjusted for age, sex, and treatment 
modality was used to investigate the association between 
DFF or pDFF and mortality.

Results — Mean age was 80 years and 82% were females. 
The most common injury mechanism was a simple fall 
(75%). The pDFF and DFF group were similar with regards 
to age, sex, and trauma mechanism. Unadjusted 90-day and 
1-year mortality was 11% (95% CI 10–12) and 21% (CI 
19–23), respectively. Kaplan–Meier survival analysis dem-
onstrated a slightly lower mortality for pDFFs, especially 
in patients ≤ 70 years. The Cox regression model showed a 
lower hazard ratio (HR) for mortality in the pDFF group (HR 
0.82, CI 0.71–0.94).

Interpretation — In a large cohort of patients ≥ 60 years 
with a distal femoral fracture, mortality rates at 90 days and 
1 year post-injury were 11% and 21%, respectively. Peri-
prosthetic fractures were associated with a lower mortality.

In older patients, fractures of the distal femur share many of 
the characteristics and challenges in management with those 
of hip fractures. They are both typically fragility fractures 
resulting from low-energy trauma in patients with several 
comorbidities and comparable mortality rates (1-3). However, 
distal femoral fractures (DFF) have been studied to a far lesser 
extent than their proximal counterparts. 

The incidence for DFFs has been reported to be 8.7 per 
100,000 per year, with a rapid increase in patients above 60 
years, and a majority (> 80%) of fractures occur in elderly 
women (2,4). 

As the number of patients receiving a total knee arthro-
plasty (TKA) increases, combined with an ageing, frailer 
population, periprosthetic distal femoral fractures (pDFF) 
will become more common in years to come. The prevalence 
of pDFF after TKA has been reported to be 0.2–1.8% (5). 
These fractures mandate evaluation of remaining bone stock, 
implant integrity, and fixation, all factors that could limit sur-
gical options (5,6). 

In the current literature on pDFFs, which is sparse and 
based on limited cohorts, there are reports of mortality rates 
between 13% and 17% at 1 year post-treatment (7,8). A ten-
dency towards a less favorable outcome in patients with peri-
prosthetic fractures compared with patients with fractures of 
the native femur has been described (8). Risk factors include 
female sex, age above 70 years, and revision arthroplasty (9). 

We compared, based on data from the Swedish Fracture 
Register (SFR), mortality after DFF in patients with and 
without pre-existing total knee arthroplasty and describe the 
demography, fracture characteristics, and treatment given. 
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Patients and methods
Study design and variables
This is an observational cohort study based on data obtained 
from the SFR (10). The register started in Gothenburg, Sweden 
in 2011. It was introduced stepwise in Sweden and by January 
2021 all 54 orthopedic departments in Sweden participated 
(11). Orthopedic surgeons register data prospectively on basic 
patient characteristics, data on injury mechanism, fracture 
classification, and treatment. Fractures are classified accord-
ing to the AO/OTA classification system (12). Since December 
2015, classification of periprosthetic fractures is done accord-
ing to the Unified Classification System (UCS) (13). 

Completeness of femoral fracture registration in 2020 in 
the SFR was 81% when compared with the National Patient 
Register (NPR). However, as the NPR has demonstrated a ten-
dency to overestimate the number of acute fractures (14), the 
true completeness of the SFR is likely higher. Data on mortal-
ity, the primary endpoint of this study, is obtained by real-time 
linkage to the Swedish Tax Agency.

Patient selection
Data was retrieved on all patients ≥ 60 years registered with a 
distal femoral fracture (ICD S72.0–S72.4) with an injury date 
between March 20, 2011 and December 31, 2020. Patients 
with missing data, i.e., incomplete information regarding 
treatment modality or with a treatment date of more than 30 
days after the registered injury date (n = 205), were interpreted 
as invalid registrations and excluded. 

Outcome measures
Unadjusted 90-day and 1-year mortality was determined for 
patients with DFF and pDFF. Associations between mortality 
and absence or presence of a TKA (DFF or pDFF), patient 
age, sex, and type of treatment were also examined. Patient 
age was treated as a categorical variable and stratified into 4 
groups: ≤ 70 years, 71–80 years, 81–90 years, and > 90 years.

Statistics
Baseline variables are presented as means (SDs) and pro-
portions. Differences between observed counts were ana-
lyzed using the chi-square test. Follow-up mortality data was 
retrieved for 1 year for all patients. Unadjusted cumulative 
mortality and 95% confidence intervals (CI) were estimated 
using the Kaplan–Meier method. The association between 
mortality and investigated group (DFF or pDFF), age, sex, 
and treatment modality were examined via a Cox regression 
model. Bilateral observations were excluded in this model. To 
ensure that the underlying assumptions of Cox regression were 
met, Schönfeld residuals were calculated and plotted. Statisti-
cal analyses were performed using the R software package (R 
Development Core Team 2021; R Foundation for Statistical 
Computing, Vienna, Austria). 

Ethics, funding, data sharing, and potential conflicts 
of interest
The study was conducted following the ethical principles of the 
Helsinki Declaration and was approved by the Regional Ethi-
cal Committee in Uppsala (Dnr 2015/510 and 2021/02560). 
In accordance with Swedish law, individual consent was not 
required. 

Any person interested in the data set may contact Uppsala 
University and the corresponding author to find ways to share 
data according to Swedish law and regulations. It is also pos-
sible for individuals interested in this data to apply directly 
to the Center of Registers, Västra Götaland (URL: http://reg-
istercentrum.se/), a process that involves approval from the 
Swedish Ethical Review Authority. 

The authors declare no competing interests in relation to this 
study. 

Results

The final study cohort comprised 2,725 patients, of whom 
2,075 had a DFF and 650 a pDFF. Mean age was 80 (SD 
10) years and 1,840 patients (82%) were female. The most 
common trauma mechanism was a simple fall (75%). Trauma 
energy was considered low in 84% of cases. No statistically 
significant differences were observed between the DFF and 
pDFF groups with respect to these variables. For both DFFs 
and pDFFs, osteosynthesis using either plates or intramedul-
lary nails was the most common treatment modality (72% and 

Table 1. Characteristics of the study population. Values are count 
(%) unless otherwise specified

  DFF pDFF Overall
Factor (n = 2,075) (n = 650) (n = 2,725)

Mean age (SD) at injury 80 (10) 81 (9) 80 (10)
Sex   
 Female 1,716 (83) 528 (81) 2,244 (82)
 Male 359 (17) 122 (19) 481 (18)
Trauma mechanism   
 Fall from height 105 (5) 34 (5) 139 (5)
 Fall same level 1,543 (74) 503 (77) 2,046 (75)
 Other cause 119 (6) 39 (6) 158 (6)
 MVA 80 (4) 14 (2) 94 (3)
 Stress fracture 56 (3) 12 (2) 68 (3)
 Unspecified fall 172 (8) 48 (7) 220 (8)
Trauma energy   
 High energy 66 (3) 6 (1) 72 (3)
 Low energy 1,727 (83) 574 (88) 2,301 (84)
 Not applicable 56 (3) 12 (2) 68 (3)
 Unknown 51 (3) 17 (3) 68 (3)
 Missing 175 (8) 41 (6) 216 (8)
Treatment   
 Amputation 14 (1) 15 (2) 29 (1)
 Arthroplasty 14 (1) 19 (3) 33 (1)
 Non-operative 537 (26) 110 (17) 647 (24)
 Osteosynthesis 1,495 (72) 503 (77) 1,998 (73)
 Other method 15 (1) 3 (1) 18 (1)
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77% respectively). Nonoperative management was under-
taken in 26% of DFFs and 17% of pDFFs (Table 1).

The most common fractures in the DFF group were extra-
articular AO/OTA type A (n = 1,226, 61%). The majority of 
pDFFs where simple fractures around well-fixed implants 
(Table 2).

Mortality
At 1-year post-injury, the unadjusted mortality was 21% (CI 
19–23) for the entire cohort. Mortality was slightly lower in 
the pDFF group (19%, CI 16–22) than in the DFF group (22%, 
CI 20–24).

The unadjusted 90-day mortality was 11% (CI 10–12) for 
the entire cohort, and comparable estimates were found for the 
DFF group (11%, CI 10–13) and pDFF group (10%, CI 8–12) 
respectively (Figure 1).

To further examine the influence of patient age, a Kaplan–
Meier analysis stratified by age groups was performed. This 

demonstrated that mortality was lower for the pDFF group in 
patients ≤ 70 years of age (Figure 2).

The Cox regression model, adjusted for sex, age group, and 
treatment modality, showed a lower hazard ratio (HR) for 
mortality in the pDFF group (HR 0.82, CI 0.71–0.94).

Discussion

In our cohort of 2,725 patients, the unadjusted 90-day and 
1-year mortality after a DFF was 11% and 21% respectively, 
emphasizing the seriousness of these injuries. 

Using Kaplan–Meier survival analysis, a tendency toward a 
more favorable outcome for pDFFs was observed (Figure 1) 
and the Cox regression model showed a lower HR for mor-
tality in the pDFF group. This association seems to be more 
pronounced in patients ≤ 70 years of age (Figure 2). 

The 1-year mortality for the pDFF group of 19% is similar, 
with previous reports that have described rates between 13% 
and 35% (7,8,15-18). The surgical management of peripros-
thetic fractures is often more complex (19), but this did not 
translate into higher mortality rates in our study, contradicting 
earlier findings by Streubel et al. (8). However, they included 

Table 2. Distribution of fracture types accord-
ing to the AO/OTA classification for the DFF 
group and according to the UCS for those 
pDFFs classified according to this system 
(introduced in the Swedish Fracture Register 
as of December 2015). Values are count (%)

  DFF pDFF
 (n = 2,013) (n = 458)

AO-OTA  UCS 
 A1 545 (27)     A1 17 (3.7)
 A2 269 (13)     A2 26 (5.7)
 A3 412 (21)     B1 317 (69)
 B1 207 (10)     B2 23 (5.0)
 B2 215 (11)     B3 75 (16)
 B3 35 (1.7)  
 C1 109 (5.4)  
 C2 173 (8.6)  
 C3 48 (2.4)  
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Figure 1. Unadjusted mortality following distal 
femoral fracture. Kaplan–-Meier survival analysis.

Figure 2. Kaplan–Meier survival analysis for the DFF and pDFF groups stratified by age.
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only surgically treated patients, in contrast to our study where 
all fractures regardless of treatment modality were included, 
which makes comparisons difficult. We do acknowledge a 
potential for selection bias in our study, as patients with a pDFF 
at least at some point have been evaluated for—and passed 
the requirements for—elective TKA surgery. Patients with a 
non-periprosthetic DFF have either not been subject to such 
an evaluation or have failed it. Our finding of lower mortality 
in pDFF patients below 70 years of age could simply reflect 
that they represent a healthier sector of their age group. This is 
also illustrated by the discrepancy in mortality in patients ≥ 60 
years with pDFF (15%) compared with DFF (35%) at 1-year 
post-injury reported in a Danish study of 304 DFFs (18). 

Our patients with DFFs and pDFFs were similar with respect 
to age, sex, injury mechanism, and treatment modality, but 
data regarding comorbidities would provide more insight on 
the case-mix of the 2 groups and allow better interpretation of 
results. Patients with DFFs have been reported to have a lower 
proportion of high comorbidity than patients with diaphyseal 
or proximal femoral fractures, although this did not affect 
mortality up to 1 year post-fracture (4). Boylan et al. and 
Haughom et al. have demonstrated similar 30-day mortality 
for native joint hip fractures and periprosthetic fractures of the 
hip (20,21). The study by Boylan et al., which included 1,655 
periprosthetic fractures and 97,231 native hip fractures, found 
that periprosthetic fractures were associated with a lower risk 
of mortality at 6 months and 1 year post-injury. These findings 
are similar to our study of the distal femur, where the pDFF 
group demonstrated lower mortality.

The vast majority of our patients were female (82%) and a low-
energy, simple fall was by far the most common injury mecha-
nism (75%), reinforcing the findings of previous studies (2,4). 

There are several limitations to our study. First, as with all 
register-based studies, completeness, coverage, miscoding, 
transfer errors, and underreporting is of importance for exter-
nal validity (22). The stepwise introduction of the national 
SFR has led to a gradual increase in both completeness and 
coverage as described above. Missing data regarding treat-
ment and treatment dates registered long after the injury date 
led to exclusions of patients. The SFR has not undergone 
validation with respect to distal femoral fractures specifically. 
However, the classification of femoral fractures overall in the 
register has been proved to be satisfactory (23). The complete-
ness and accuracy of the register has been successfully tested 
in the setting of humeral fractures (14). 

Second, as previously stated, the potential influence of 
selection bias must be taken into account. As the SFR in its 
current form does not register information on confounders 
for mortality, such as ASA classification, comorbidity scores, 
e.g., Charlson comorbidity index, dementia, patient depen-
dence on walking aids, and living situation, we were unable 
to adjust our statistical analysis for these variables. However, 
a recent study on femoral neck fractures found limited predic-
tive power of Elixhauser and Charlson comorbidity indices for 

mortality and a model with age and sex was superior to both 
these indices (24).

Third, residual confounding may affect the results of the 
regression analysis undertaken. Lastly, the UCS was intro-
duced during the study period, which led to different classifi-
cation systems for the pDFF group.

The strengths of this study are the large cohort of patients 
with DFFs combined with full control of the primary outcome 
mortality through linkage with the Swedish Tax Agency. 
Owing to the Swedish Personal Identification Number unique 
to all Swedish citizens, there is no loss to follow-up. The 
patients included have fractures classified by orthopedic sur-
geons and classification in the SFR has been proven to be 
valid as previously mentioned. 

In the present study, we chose to focus on mortality. With 
an ever-increasing number of fractures being included in the 
register, there will be possibilities for future studies to exam-
ine the functional outcome, rates of secondary surgery, and 
complications following treatment of these injuries.

In conclusion, in a Swedish cohort of 2,725 patients ≥ 60 
years old, the 90-day mortality rate after distal femoral frac-
ture was 11%, rising to 21% at 1 year post-injury. The pres-
ence of a TKA was associated with lower mortality. DFFs 
typically occur in female patients as a result of a low-energy 
simple fall. 

BH, JM, SM, AB, and OW planned the study. BH wrote the initial draft. AB 
performed the analyses. All authors contributed to the interpretation of the 
data and revision of the manuscript. 
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