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a b s t r a c t

Background: Revision hip and knee arthroplasty volume continues to rise, and total femur replacement
(TFR) remains a key salvage option in patients with extensive bone loss. Prior research has demonstrated
mixed results of this procedure, and this study aimed to characterize the outcomes of nononcologic TFR
in one of the largest single-center modern series.
Methods: A retrospective analysis was conducted on 23 nononcologic TFR procedures performed on 22
patients between 2012 and 2021. Primary outcomes included TFR revision rate and indication for revi-
sion, while secondary outcomes included overall reoperation rate, complications, patient ambulatory
status, and assistive device requirements.
Results: The average age at time of TFR was 65.7 years, with periprosthetic fracture (65.2%) and peri-
prosthetic joint infection (34.8%) as predominant indications. More than half of patients (52.2%) required
TFR revision, primarily due to periprosthetic joint infection (75.0%). Despite a high complication profile,
only 1 patient underwent limb amputation and there was only 1 mortality during the study period.
Overall, 63.6% of patients were ambulating (assisted or unassisted) at final follow-up.
Conclusions: Nononcologic TFR remains a viable limb-salvage option for patients undergoing revision
arthroplasty with extensive bone loss. Despite a notable revision rate and infection risk, the majority of
patients maintain or regain ambulatory function, emphasizing the procedure’s role in preserving limb
function. Clinicians should weigh potential complications when considering TFR, emphasizing patient
counseling and risk mitigation strategies.
© 2024 Published by Elsevier Inc. on behalf of The American Association of Hip and Knee Surgeons. This
is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/

4.0/).
Introduction

Hip and knee arthroplasty continues to see rapid growth due to
an aging population and broader indications for knee and hip
arthroplasty in younger patients [1]. As the rate of primary
arthroplasty increases, the annual volume of revision total joint
arthroplasty in the United States has been projected to increase
between 78% and 182% by 2030 [2,3]. While total femur replace-
ment (TFR) was originally developed for reconstruction following
resection of malignant bone tumors [4-6], it has become a viable
limb-salvage option in nononcologic patients undergoing revision
arthroplasty in the setting of massive bone loss [7,8]. A major
s Angeles, 1225 15th St Suite
5969.

lf of The American Association of H
proposed benefit of TFR, like other endoprosthetic reconstructions,
is the ability to allow potential immediate weight bearing and
mobilization following surgery and with less energy expenditure
for ambulation when compared to amputation [9,10]. Early reports
of TFR have been limited to small case series given how rarely this
procedure has been performed historically [4,5,11,12]. However,
there are a selected number of more recent case series that better
characterize the outcomes of this limb-salvage procedure for
nononcologic patients [7,8,13-17]. Recurrent periprosthetic joint
infections (PJIs) and periprosthetic fractures (PPFs) are the most
frequently cited indications for nononcologic TFR [18-20]. Data
from the early 2000s suggested that TFR is a good option for pa-
tients undergoing revision total knee or hip arthroplasty in the
setting of massive bone loss [13,17]. However, with the widespread
availability of implants that can address bone loss in revision
arthroplasty, such as augments, cones, and sleeves, TFR has become
ip and Knee Surgeons. This is an open access article under the CC BY-NC-ND license
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Table 1
Study sample characteristics.

Variable Mean Range

Age (y) 65.7 y 50-82
Number of prior surgeries 5.4 2-12
Time to final follow-up (mo) 37.9 0.8-104.1

Variable N %

Sex
Women 13 59.1
Men 9 40.9

Index surgery indication
Osteoarthritis 11 47.8
Rheumatoid arthritis 7 30.4
Trauma 3 13.0
Hemophilia 2 8.7

TFR indication
Periprosthetic fracture 15 65.2
Prosthetic joint infection 8 34.8

BMI distribution
<18.5 1 4.5
18.6-30 11 50.0
30.1-40 7 31.8
>40 3 13.6

BMI, body mass index; TFR, total femur replacement.

Table 2
Total femur replacement outcomes.

Case mix, complications, and reoperations N %

TFR revision
Yes 12 52.2
No 11 47.8

Revision indication
Infection 9 75.0
Periprosthetic fracture 2 16.7
Mechanical failure of the implant 1 8.3

Nonimplant-related reoperations
I&D for wound dehiscence 1 4.3
I&D for hematoma 1 4.3

Mean Range

Time from TFR to revision (mo) 20.0 1.1-94.4

I&D, incision and drainage; TFR, total femur replacement.
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a procedure of last resort. More recent literature suggests that
nononcologic TFR carries a significant complication profile, with
revision rates ranging from 30%-70% [7,8,14,15,17,18]. The purpose
of this study was to characterize the outcomes of nononcologic TFR
in one of the largest single-center modern series of patients.

Material and methods

Approval for this single-institution study was obtained from the
Institutional Review Board. Data were collected for all patients who
received a nononcologic TFR between June 2012 and June 2021
from the electronic medical record system. Preoperative clinic
notes, operative notes, and postoperative clinic notes were
reviewed for each patient. Baseline demographic variables (age,
laterality, and sex) and patient-specific characteristics (medical
comorbidities, revision indication, implant specifics, and duration
of follow-up) were collected. Patients with no postoperative im-
aging or follow-up visits were excluded from the study.

The primary outcome of interest for this study was TFR revision
rate and indication for revision. Secondary outcomes included
overall reoperation rate, complications (eg, PJI, PPF, deep venous
thrombosis, nerve palsy, and implant loosening), patient ambula-
tory status, and use of an ambulatory assistive device.

Given the size of this cohort, results were analyzed using
descriptive statistics. Values are reported as the mean and range,
where applicable.

Results

A total of 23 nononcologic TFR in 22 patients were performed.
One of these patients had bilateral operations. The average age at
the time of TFR was 65.7 years (range: 50-82). Of the 22 patients,
59.1% werewomen. The average time tomost recent follow-up visit
was 37.9 months (0.8-104.1) and 69.6% of patients had follow-up
longer than 1 year. Osteoarthritis (47.8%) and rheumatoid arthritis
(30.4%) were the most common indications for the patient’s index
arthroplasty. PPF (65.2%) and PJI (34.8%) were the 2 indications for
our patients to undergoTFR. The mean number of surgeries prior to
TFR on the ipsilateral femur was 5.4 [2-12].

The patients in this study had several medical comorbidities in
conjunction with their orthopaedic problems. All patients were
classified as American Society of Anesthesiologists 3. Seven pa-
tients (31.8%) had an inflammatory arthritis on disease modifying
agents, 5 (22.7%) were active smokers, 3 (13.6%) were diabetic, 3
(13.6%) had coronary artery disease, and 3 (13.6%) had chronic
kidney disease. Additionally, 10 patients (45.5%) had body mass
index more than 30, and 1 patient had body mass index less than
18.5. These findings are summarized in Table 1.

Of the 23 TFRs that met the inclusion criteria for this study, 12
(52.2%) required revision of the implant. Of these 12 revisions, 9
(75.0%) were due to PJI, 2 (8.7%) were due to PPF (1 of the tibia and 1
of the proximal femur about an intramedullary TFR), and 1 (4.3%)
was due tomechanical failure of the implant. One patient sustained
recurrent hip dislocations and was later revised due to PJI. There
was a 0% nerve palsy and deep venous thrombosis rate. There was
no evidence of aseptic loosening in this cohort. Given that the
entire femur was replaced, it was not possible to have loosening
about the femur, and no loosening was identified about the ace-
tabulum or tibia on final follow-up x-rays. All patients in the study
had an acetabular component (either new ormaintained from prior
surgery), and therewere no hemi-arthroplasty TFRs. At time of final
follow-up, 1 patient underwent limb amputation and there was 1
mortality 3 years after TFR due to sepsis from persistent PJI. In the
patients who required revision, the average time to revision was
20.1 months (1.1-94.4). Two patients required return to the
operating room for reasons that did not require revision of the
implant (1 incision and drainage [I&D] for superficial wound
dehiscence and 1 I&D of a hematoma). At the time of I&D, the joints
were aspirated prior to surgery without evidence of infection.
However, the patient who underwent I&D for wound dehiscence
went on to require revision due to PJI 4 months later, and the pa-
tient who underwent hematoma evacuation did not require further
surgery (Table 2). The overall rate of PJI in our study was 39.1%. Of
the 8 patients whose indication for TFR was PJI, 3 of them (37.5%)
went on to have PJI of their TFR. Additionally, 6 of the 15 (40.0%)
patients who underwent TFR without history of prior PJI developed
a new PJI after the procedure.

Prior to TFR, 5 patients (22.7%) were ambulatory without an
assist device, 11 (50.0%) were ambulatory with an assist device, and
6 (27.3%) were nonambulatory. At final follow-up, 8 patients
(36.4%) were ambulatory without an assist device, 8 patients
(27.3%) were ambulatory with an assist device, and 8 patients
(36.4%) were nonambulatory (Table 3). Compared to their preop-
erative clinical visit, 7 patients experienced an improvement in
their ambulatory status, 5 worsened, and 10 had no change in their
ambulatory status. Notably, 3 patients went from being previously
ambulatory to nonambulatory, whereas only 1 patient went from
being nonambulatory to ambulatory post-TFR at final follow-up.



Table 3
Ambulatory status.

Status N % N %

Preoperative Preoperative Postoperative Postoperative

Independent 5 22.7 8 36.4
Cane 2 9.1 1 4.5
Crutches 0 0 1 4.5
Walker 9 40.9 4 18.2
Nonambulatory 6 27.3 8 36.4

Table 4
Comparison of revision rate and infection rate with historical data.

Reference Revision rate Infection rate

Berend et al., 2004 [17] 18/59 (30.5%) 8/59 (13.6%)
Friesecke et al., 2005 [13] Not stated 12/100 (12%)
Fountain et al., 2007 [14] 8/14 (57.1%) 3/14 (21.4%)
Amanatullah et al., 2014 [8] 6/20 (30%) 7/20 (35%)
Toepfer et al., 2016 [15] 13/18 (72.2%) 8/18 (44.4%)
Putman et al., 2019 [16] Not stated 8/29 (27.6%)
Christ et al., 2019 [7] 8/16 (50%) 7/16 (44%)
This study 11/23 (52.2%) 9/23 (39.1%)

Figure 1. Kaplan-Meier survival analysis with TFR revision-free survival of 47.8%. TFR,
total femur replacement.
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Discussion

TFR is a rare surgical procedure relative to primary or revision
total joint arthroplasty. Our institution performs approximately
1000 primary total joints and 200 revision surgeries per year, and
there were only 23 TFRs performed over the 9-year study period.
While TFR is not required frequently, it remains a viable option for
limb salvage in cases of extensive femoral bone loss in the setting of
revision hip or knee arthroplasty. TFR is thought by many to be a
reasonable alternative to amputation for these multiply revised
patients as a superior option for pain control, function, andmobility
[7-10]. The aim of this study was to analyze a single institution’s
experience with TFR in the setting of revision arthroplasty over a 9-
year period and compare these results with the existing body of
literature.

The average age of patients in this study at the time of TFR was
65.7 years, consistent with prior studies in that these procedures
are typically performed in the sixth or seventh decade of life
[7,8,13-15,17,21]. The indications for TFR in this cohort were
exclusively PPF (65.2%) and PJI (34.8%). This differs from previous
series, where aseptic loosening was an indication for TFR
[7,8,16,21].

Importantly, we found that our patients had an average of 5.4
surgeries prior to TFR. This is higher than what has been described
in previous studies. Berend et al. found that their patients had an
average of 3.3 prior surgeries about the hip. However, about half of
them had never had a prior knee surgery, and of those who did,
they had 1.9 prior knee arthroplasty surgeries prior to TFR. Simi-
larly, Friesecke et al. found that their patients had 3.2 surgeries
about the hip and 0.5 at the knee. Both of these studies collected
their data prior to the 2000s. More recent literature demonstrates a
higher number of surgeries prior to TFR (3.6-4.6) [7,15,16]. This
suggests that as modern implant and fixation options have become
widely available, surgeons are forced to perform TFR later in the
patients’ clinical course.

Our data indicate an overall implant revision rate of 52.2% (Fig.1).
This revision rate is higher than previously reported studies, but it is
consistent with more contemporary literature. This trend is sum-
marized in Table 4. This cohort had a significant number of medical
comorbidities, and all patients were classified as American Society
of Anesthesiologists 3. These patients had proven to be poor hosts,
leading to the high number of revision surgeries and eventual TFR.
Given the associated medical burden, this also contributes to the
relatively high revision rate identified in this study.

Furthermore, it is likely that in earlier studies, TFR was being
performed sooner than it may be today due to lack of better fixation
options. For instance, many of the patients in the Berend et al. and
Friesecke et al. studies were indicated for TFR in the setting of a
revision total hip arthroplasty with few previous TKA procedures,
whichmay not be necessary today with splined tapered revision hip
stems and porous metal cones for revision TKA. The complication
and revision rates are likely higher in the more modern studies
because as TFR has been further limited in its indications, the pa-
tients undergoing the procedure are higher risk at baseline. Notably,
only 1 patientwent on to limb amputation and 1 patient died during
the study period, indicating the power of modern nononcologic TFR
to achieve limb salvage safely [13,16,17].

PJI was the primary indication for revision in this cohort, with
39.1% of the TFRs requiring revision for PJI. This is consistent with
findings from Amanatullah, Toepfer, and Christ who all found
similar infection rates [7,8,15]. Interestingly, of the patients indi-
cated for TFR due to prosthetic joint infection, 37.5% went on to get
infected, whereas 40.0% of the patients without history of prior
infection developed a new infection. This suggests that non-
oncologic TFR is high risk for the development of PJI regardless of
history of prior infection. As a result, it is prudent to consider
infection in all aspects of total femoral replacement and try and
mitigate these risks where possible. The measures used to prevent
infection have evolved at our institution over the course of the
study; however, some of the key tenants include preoperative
intravenous antibiotics, 24 hours of postoperative intravenous an-
tibiotics, high doses of local antibiotics in cement and calcium
sulfate beads, and meticulous sterile technique (eg, clean and dirty
setups, frequent changing of drapes). Aseptic cases were routinely
performed as a single-stage procedure. Alternatively, septic cases
were performed in 2 stages with explantation and a course of
microbial-directed antibiotics, followed by reimplantation.

At final follow-up, the majority of patients in this study (63.6%)
were able to ambulate and 36.4% of patients were able to ambulate
unassisted.Most patients (77.3%) had either an improvement in their
ambulatory status or remained the same. However, 3 of the patients
who were previously ambulatory became nonambulatory, whereas
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only 1 patient became ambulatory after previously being unable to
walk. Previous studies demonstrate a similar distribution of ambu-
latory status [7,16], although our study trends toward more patients
ambulating without an assist device or being nonambulatory rather
than using an assist device. TFR presents an opportunity for patients
with several arthroplasty revisions to improve their ambulatory
status and even ambulate unassisted, but there is also risk of a
decline in ambulatory status. It is important to communicate to
patients the spread of outcomes preoperatively as there is a wide
range of possible outcomes.

There are a number of limitations to this study. It is retrospective
in nature and subject to the inherent biases of a retrospective study.
Additionally, our study had limited follow-up with more than 1-
year follow-up in 69.5% of patients. While this may omit future
complications or changes in ambulatory status, we felt that it was
important to include all patients undergoing this rare procedure to
accurately characterize this cohort. Finally, all cases in this study
were performed by a single surgeon, which may limit the gener-
alizability of these findings to other groups performing this pro-
cedure, as implant, antibiotic, and management choices were those
of a single practitioner.

Despite these limitations, this study significantly contributes to
the literature as one of the largest contemporary cohorts of non-
oncologic TFRs. Our study supports the current body of evidence in
that TFR presents a viable limb-salvage option for the multiply
revised arthroplasty patient with poor remaining bone stock.
However, this is associated with a high complication rate, with
almost half of patients requiring a revision surgery. Infection was
the most common indication for revision, with nearly equivalent
rates of subsequent PJI found in patients with or without a prior
history of infection. It is important to discuss these potential risks
when indicating patients for TFR.
Conclusions

Nononcologic TFR is a viable limb-salvage option for patients
undergoing revision total hip and total knee arthroplasty with
extensive bone loss. Potential revision and reoperation are high,
and PJI is the most common indication for revision. However, limb-
salvage rates are high, and the majority of patients remain ambu-
latory following nononcologic TFR.
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