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a b s t r a c t

Total femur replacement is a well-recognized salvage procedure and an alternative to hip disarticulation
in patients with massive femoral bone loss. Compared to conventional total femur replacement, intra-
medullary total femur (IMTF) requires less soft tissue dissection and preserves femoral bone stock and
soft-tissue attachments. Despite these advantages, patients can still anticipate compromised functional
outcomes and high complication rates following IMTF. Prior studies describe IMTF with the patient
positioned laterally and utilizing posterior or anterolateral approaches to the hip. We describe our IMTF
technique performed via the direct anterior approach in the supine position. In our experience, this is an
effective method, with potential benefits including intraoperative limb length and rotational assessment,
use of fluoroscopy, more convenient exposure of the knee, and potential lower rates of hip instability.
© 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

There is a rising number of patients seeking revision total knee
and hip arthroplasty surgeries for compromised femora because of
complications of primary total knee and hip arthroplasty such as
osteolysis, instability, prosthetic joint infection (PJI), aseptic loos-
ening, and periprosthetic fracture [1e5]. The vast majority of
revision surgeries can attempt to augment lost bone stock with
isolated hip or knee component revision [5]. In certain complex
situations, such as interprosthetic fracture or loosening and sig-
nificant femoral bone loss from a failed long-stem prosthesis
adjacent to an arthritic hip or knee may require a more aggressive
approach, such as total femoral replacement (TFR) [6e10].

TFR was originally described in 1952 as an alternative to
amputation for complex oncologic and nononcologic etiologies
[11]. Compared to alternative treatment strategies, such as immo-
bilization, open reduction and internal fixation, and isolated hip or
knee revision, the main advantage of TFR is immediate fixation,
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which allows for early mobilization and weight bearing. However,
conventional TFR, which includes removal of the femur and
detachment of its soft tissue attachments, has multiple disadvan-
tages including high rates of hip instability, patella maltracking,
limb length discrepancy, PJI, gait disturbance, and perioperative
morbidity [9,10,12e15]. Alternatively, an intramedullary total fe-
mur (IMTF) construct, which mates together a hip and knee
arthroplasty, allows for less soft tissue dissection and maintenance
of femoral bone stock [7]. Despite these theoretical advantages,
IMTF similarly demonstrates a high complication profile, which
may be related, at least in part, to surgical approach, operative
technique, and difficulties related to patient positioning [7,8,13,15].

IMTF has been previously described with the hip exposed
through a posterolateral or anterolateral approach and the knee
thereby exposed with the patient in a lateral decubitus or “sloppy
lateral” position [7,8,13,16]. Alternatively, approaching the hip via a
direct anterior approach (DAA) has several advantages including (1)
supine positioning, which allows for intraoperative limb length
assessment and facilities the standard positioning for approaching
the knee, as well as convenient use of intraoperative fluoroscopy for
live feedback on acetabular, intramedullary (IM) canal preparation,
and component placement; and (2) direct anterior hip exposure
that utilizes intramuscular planes while maintaining posterior
capsular and muscular structures, which allows for a faster
ip and Knee Surgeons. This is an open access article under the CC BY-NC-ND license
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recovery and theoretically lowers the dislocation rate [17e22].
Despite these advantages, there are no studies, to our knowledge,
describing the utilization of the DAA for IMTF. In this article, we
detail our surgical technique and provide a case series of 6 patients
who underwent IMTF via a DAA as a revision procedure for failed
total hip and/or knee arthroplasty.
Figure 2. Use of a De Mayo Knee Positioner (Innovative Medical Products, Plainville,
CT) to control the lower extremity during exposure and instrumentation of the knee;
may be utilized to apply static traction to the leg as necessary for hip exposure, similar
to a dedicated traction table.
Surgical technique

Patient positioning

The patient is positioned supine on a standard operating table
(AMSCO Surgical Table; Steris Healthcare, Mentor, OH). We find the
use of a standard table instead of a radiolucent table advantageous
as it allows for table leg flexion, which may be useful for femoral
exposure through increased hip extension and adduction with the
patient’s greater trochanters at the level of the table flex point. To
enable more extensive fluoroscopic imaging without C-arm
impingement, the table can be flipped such that the base is toward
the head with the head extension at the foot, so there is more room
distally under the table for the fluoroscope to maneuver (Fig. 1).

Both legs are prepped into the surgical field and draped free,
allowing for easy clinical determination of leg lengths, which is
especially useful in revision settings where there may be a loss of
normal proximal femoral architecture to use for radiographic leg
length determination. Furthermore, having the patient supine with
the leg free allows for rotational assessment and simultaneous
testing of hip stability and patellofemoral tracking. Our preference
is to utilize a De Mayo Knee Positioner (Innovative Medical Prod-
ucts, Plainville, CT) to control the lower extremity during exposure
and instrumentation of the knee, which may also be utilized to
apply static traction to the leg as necessary for hip exposure, similar
to a dedicated traction table (Fig. 2). For final leg length determi-
nation and component selection, the boot is removed to allow
palpation of the heels and medial malleoli (Fig. 3).
Surgical approach

An extensile DAA to the hip utilizing the Hueter interval be-
tween tensor fascia lata (TFL) and sartorius is performed [23].
Proximally, the incision is curved along the outer border of the iliac
Figure 1. A standard operating table with base turned toward the head to allow for
fluoroscopic imaging of the entire pelvis. A Montreal post can be placed midline as a
peroneal post to allow for traction without the patient drifting down the table.
crest allowing for access of the TFL origin just posterior to the
anterior superior iliac spine (Fig. 4). Release of the leading edge of
the TFL origin off the pelvic brim can be performed to improve
visualization and femoral exposure for component explant and
instrumentation. The TFL can later be directly repaired as long as an
adequate cuff of soft tissue is maintained; we typically run a locking
vicryl stitch to act as a rip-stop for later repair during TFL fascia
closure. The capsular ligaments (pubofemoral, medial iliofemoral),
Figure 3. Clinical length and rotation determination via palpation of the heels and
medial malleoli.



Figure 4. The planned extensile DAA incision: a standard DAA approach with proximal
extension, curving along the iliac crest.
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if still present, can also be released sequentially from the femoral
neck to further mobilize the femur as necessary. Distally, the inci-
sion can be extended along the lateral aspect of the femur through
the iliotibial band if access to the femoral diaphysis is necessary;
this was not needed in any of our cases [23]. For knee exposure, our
preference is for a midvastus approach when possible, as this may
theoretically expedite quadricep recovery and mitigate concerns of
patellofemoral maltracking, although a standard medial para-
patellar approach can be utilized per surgeon preference [24].
IMTF specifics

Preoperatively, radiographs with standardized markers were
obtained of the contralateral femur, from hip to knee, for deter-
mination of total femoral length. While the final determination of
the exact construct length and size cannot be determined until the
time of surgery, preoperative planning can help guide the operative
plan. If there is concern about inadequate acetabular bone stock or
acetabular component loosening or malpositioning, a preoperative
CT scan of the ipsilateral hemipelvis is also recommended to aid in
acetabular reconstruction planning.

In the setting of revision total hip arthroplasty (THA), our
preference is to typically begin the procedure with an extensile
DAA to the hip. We find this strategy useful in facilitating the limb
traction and positioning typically necessary for femoral component
explant via extensile DAA. Once the femoral component is
explanted, attention can be given to the acetabulum. If a prior
acetabular component is present and noted to be well fixed and
positioned, consideration for retention may be given, especially if it
can accommodate a modular dual-mobility or constrained liner;
however, given the concern for hip instability postoperatively, a
low threshold for acetabular component revision should be
considered [7,13]. If a cup-cage construct is determined to be
necessary, this can then be performed via the extensile DAA with
the aid of intraoperative fluoroscopy, as previously described by our
group [25].

After hip component explant and acetabular component
placement are completed, attention is then typically brought to the
knee. If prior total knee arthroplasty (TKA) components are present,
these are typically explanted in a standard fashion. In the setting of
a native knee, an appropriate distal femur resection and proximal
tibial resection is performed in order to accommodate a distal
femoral replacement (DFR) component. Most systems available to
date require a 3-7 cm minimum resection to accommodate the
shortest DFR component. To optimize workflow and efficiency, we
found that completing tibial component preparation and final
component placement at this time was effective. Consideration for
metaphyseal cone placement can also be given to optimize tibial
component fixation and survivorship, particularly in the setting of
revision TKA with metaphyseal bone loss [26].

Once the tibial component is complete, the femoral canal is then
prepared through retrograde reaming, starting with the smallest-
diameter flexible reamer over a guide wire. In the setting of sig-
nificant femoral bone loss, as is typical for IMTF patients, orthog-
onal views of the femur can be easily performed with fluoroscopy
to confirm IM guide wire placement. We also recommend place-
ment of a clamp at the proximal aspect of the guidewire through
the hip incision to mitigate guidewire migration or plunging of the
reamer proximally.

After the canal is adequately prepared, the trial DFR component
with mated IM rod trial can be inserted based on preoperative
length measurements. To optimize visualization and mating of the
IM rod to femoral component proximally, we recommend erring
toward the longer side of IM rod. If significant proximal femoral
bone stock is still present, the metaphysis can then be reamed and
prepared as necessary per specific implant requirements. Next, the
trial proximal femoral body can be mated to the IM rod, and a trial
reduction can be performed (Fig. 5). Component trialing is then
performed and a length assessment is performed clinical by
comparing to the contralateral extremity. Careful attention to
component rotation is necessary to optimize hip stability as well as
patellofemoral tracking; it should be noted that any additional
anteversion at the hip can drive internal rotation at the knee,
thereby increasing risk of patellar dislocation laterally. Herein lies
the additional benefit of a DAA hip approach, as a neutral femoral
version is better tolerated compared to posterior-based approaches
to the hip. Once satisfied with limb length and component rotation,
the distal femur is typically marked for guidance of final compo-
nent placement.

Case examples

Two of the six cases were selected below to illustrate some of
the key concepts.

Case 1

The patient is a 71-year-old female who originally underwent a
primary posterior THA 17 years prior. Her postoperative course was
complicated by a long history of revisions for recurrent instability,
femoral and acetabular component loosening, periprosthetic femur
fracture, and most recently, a stage 1 explant with placement of an
antibiotic-coated intramedullary nail and hip disarticulation for
recurrent PJI. She presented to our clinic approximately 6 months
postoperatively after completing 6 weeks of culture-specific IV
antibiotics with complaints of inability to ambulate and chronic
pain resulting from her hip disarticulation. Her radiographs at that
time demonstrated extensive proximal femoral bone loss with
presence of an antibiotic-coated nail and multiple cerclage wires
about a periprosthetic femoral fracture with apparent callous for-
mation and consolidation (Fig. 6). Preoperative CT scan showed a
Paprosky 3B acetabular defect with superomedial acetabular
erosion and concern for pelvic discontinuity [27]. Inflammatory
labs and hip aspiration were obtained within normal limits, sug-
gesting clearance of prior infection. She had limited bone stock for
revision arthroplasty and downstream symptomatic knee arthritis,
and therefore, we indicated her for revision THA with IMTF and a
cup-cage construct.

We performed an extensile DAA in our standard fashion, with
partial reflection of TFL off of the anterior superior iliac spine to
improve exposure. We noted that the anterior and medial wall of
the acetabulum had been previously reamed away. We reverse



Figure 5. Intraoperative fluoroscopy imaging depicting completion of the final tibial component followed by insertion of an IM rod and mating to the proximal body (Orthopedic
Salvage System, Zimmer Biomet, Warsaw, IN).
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reamed a fresh frozen cancellous allograft into the acetabular defect
and implanted a press-fit Zimmer Biomet TM cup (Zimmer Biomet,
Warsaw, IN) with a contralateral half cage. We then cemented in a
Freedom Constrained Acetabular Liner (Zimmer Biomet, Warsaw,
Figure 6. Preoperative radiographs from Case 1. There was a presence of hip disarticulation
loss was present with an antibiotic-coated nail and multiple cerclage wires about a prior pe
with apparent callous formation and consolidation.
IN) into appropriate component version and inclination. Next, the
kneewas through a midvastus approach and resected 3 cm of distal
femur as per the minimal resection for the DFR component (Or-
thopedic Salvage System, Zimmer Biomet, Warsaw, IN). A neutral
with an antibiotic cement spacer in the acetabulum. Extensive proximal femoral bone
riprosthetic femoral fracture that involved the entire femur down to the metadiaphysis
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cut of the proximal tibia was performed, followed by tibial
component trialing and cementation of the final tibial component.
We then removed the prior IM nail, reamed the femoral canal using
flexible reamers over a guidewire, and trialed the distal femur
segment with mated IM rod. After trialing with adequate restora-
tion of limb length and rotation, final components were implanted
(Fig. 7). At her most recent in-person follow-up visit 6 months
postoperatively, she was doing well, ambulating with a front wheel
walker without subsequent complications.
Case 2

The patient is a 78-year-old female who originally had a pos-
terior primary THA in 1977, which was subsequently revised mul-
tiple times for aseptic loosening, instability, and PJI including prior
hip disarticulation. Most recently, the patient underwent both
component stage 2 revision with proximal femoral replacement
(PFR) and acetabular augmentation. Two years later, the patient
presented to our clinic with significant right thigh pain and an
inability to ambulate. Preoperative radiographs demonstrated
subsidence of the PFR with progressive osteolysis and an incom-
plete cement mantle (Fig. 8). The acetabular component appeared
to be well fixed and appropriately positioned in the presence of a
cemented modular dual mobility liner. She had a 40-degree arch of
motion in her knee with severe knee arthritis. Given the minimal
proximal femoral bone stock with unsupportive diaphysis and
downstream knee pathology, she was indicated for an IMTF with
potential acetabular component retention.

An extensile DAA approach to the hip was first performed. The
prior cemented PFR component was explanted, and the acetabular
component was exposed and noted to be well fixed and posi-
tioned. A midvastus approach to the knee was performed, and 3
cm of distal femur was resected as per the minimal resection for
the DFR component (Orthopedic Salvage System, Zimmer Biomet,
Warsaw, IN). The tibial component was then trialed and the final
Figure 7. Postoperative radiographs from Case 1. Cup cage construct using a contralateral
System, Zimmer Biomet, Warsaw, IN).
components were cemented into place. The femoral canal was
then reamed, the distal femur with mated IM rod trials were
placed based on preoperative length measurements, and proximal
femoral body was mated. Trial reduction using a dual mobility
construct (Zimmer Biomet, Warsaw, IN) was then performed, and
once satisfied with length and component rotation the final
components were implanted (Fig. 9). At her most recent in-person
follow-up visit 9 months postoperatively, she had improved knee
range of motion from 0 to 90 degrees, minimal pain, and was
ambulating with a front wheel walker without subsequent
complications.
Discussion

Massive femoral bone loss from failed THA and TKA can create
significant challenges for successful reconstruction. Since its
inception in the mid-20th century, TFR has become increasingly
popular due to its capacity for limb preservation and immediate
fixation in patients with severely compromised femora. IMTF is an
attractive alternative to conventional TFR as it requires less soft
tissue dissection and preserves femoral bone stock. Even with
these theoretical advantages, the outcomes following IMTF
continue to be sobering with a high complication profile and
significant perioperative morbidity [7,13]. While these outcomes
are largely correlated to the severely compromised state of pa-
tients who meet indications for TFR or IMTF, some complications
such as hip instability, patella maltracking, and leg length
discrepancy may be related, at least in part, to surgical approach
and patient positioning. This article describes the first, to our
knowledge, surgical technique and case series of 6 patients who
underwent IMTF in the supine position via a DAA to the hip for
failed THA and TKA.

In 2006, Peters et al. reported on 23 IMTFs using 2 separate
approaches to create an IMTF construct: (1) IM attachment of a new
revision TKA to an existing well-fixed THA using a customs IM
half-cage and a cemented constrained liner and IMTF construct (Orthopedic Salvage



Figure 8. Preoperative radiographs from Case 2. There was subsidence of the prior proximal femoral replacement with progressive osteolysis, an incomplete cement mantle, and
distal third femoral bone loss involving the metadiaphyseal junction and adjacent knee arthritis. The acetabular component appeared to be well fixed and appropriately positioned
in the presence of a cemented modular dual mobility liner.
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sleeve; and (2) placement of a modular IMTF with new hip and
knee arthroplasty, as performed in the current series [7]. Im-
provements in functional outcomes and significant reduction in
pain scores were demonstrated in both cohorts; however, only 1 of
the 16 patients in the modular IMTF group was able to ambulate
without assistive devices postoperatively. Similar findings were
demonstrated by Hoell et al. [13] and Fountain et al. [8] with 96%
Figure 9. Postoperative radiographs from Case 2. The prior acetabular component was m
(Orthopedic Salvage System, Zimmer Biomet, Warsaw, IN).
and 92% of patients, respectively, requiring assistive devices to
ambulate postoperatively. In the present series, we demonstrated
similar findings with only one patient ambulating without assistive
devices at most recent follow-up; however, our series is limited in
the total duration of follow-up (Table 1). While these functional
results are certainly far from perfect, it is important to consider the
significant morbidity, mortality, and psychological sequelae of a hip
aintained, and the IMTF construct was implanted, bypassing the femoral bone loss



Table 1
Case examples of indicated IMTF patients and their postoperative outcomes.

Patient
number

Age Gender BMI (kg/
m2)

Indication OR time
(minutes)

Assistive
devices

Follow-up
(months)

Complication(s)

1 71 Female 25.1 Prior nonarticulating stage 1 hip spacer for
arecurrent infection, instability, and
periprosthetic femur fracture

274 FWW 6

2 56 Female 53.1 Complex intra-articular distal femur fracture
with an ipsilateral articulating spacer for
prosthetic joint infection from prior THA

222 FWW 6 Superficial wound
dehiscence

3 78 Female 21.9 Subsidence and loosening about a prior
proximal femoral replacement with ipsilateral
knee osteoarthritis

211 Cane 9

4 70 Female 41.7 Prosthetic joint infection about a distal femur
replacement and ipsilateral THA with
subsequent stage 1 spacer

310 Cane 40 PJI s/p 2 stage and repeat
IMTF

5 69 Male 28.2 Aseptic loosening of prior long distal femoral
replacement for distal femur fracture with
ipsilateral hip osteoarthritis

316 None 58

6 80 Female 27.6 Subsidence and loosening about a prior
proximal femoral replacement with ipsilateral
knee osteoarthritis

367 FWW 74

BMI, body mass index; FWW, front wheeled walker; OR, operating room.
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disarticulationdthe likely alternative treatment option in many of
these patients [28,29].

Several studies have reported major complication rates as high
as 25% to 50% following TFR for both oncologic and nononcologic
etiologies [7e10,12e15]. Patients must therefore be counseled
preoperatively and warned of the possible subsequent need for hip
disarticulation. In the series by Peters et al., there was 31% inci-
dence of major complication in the modular IMTF group with the
most common being hip instability and tibial component aseptic
loosening at 13%, followed by PJI at 6% [7]. These series were prior
to routine use of tibial cones with DFR revision arthroplasty, and so
it is hoped that more modern case series will have reduced aseptic
tibial loosening. In the present series, the tibial component was
revised in all cases to accommodate an IMTF and a tibial cone was
used in 4 of the 6 presented cases. Although some tibial baseplates
can accommodate an IMTF, careful scrutiny and preoperative
planning are essential to avoid unnecessary tibial component
revision. More recently, Fountain et al. demonstrated a 50% inci-
dence of major complication in their cohort with the most common
being hip instability at 36%, followed by PJI at 14% [8]. It is impor-
tant to note, however, that in both of these studies, the patient was
positioned in the lateral decubitus position, and either a posterior
or anterior-lateral approach to the hip was performed. While the
etiology of hip instability after IMTF is largely multifactorial and
related to massive proximal femoral bone loss with abductor
muscular compromise, surgical techniques and approaches should
also be considered.

In the present series, we report on 6 patients who underwent
IMTF in the supine positionwith a DAA to the hip. While our cohort
is limited by the number of patients and duration of follow-up, no
patients have demonstrated hip instability thus far. Through pres-
ervation of the posterior capsule and short external rotators, prior
studies have demonstrated a low rate of hip instability following
DAA for both primary and revision THA [21,22,30,31]. Additionally,
use of intraoperative fluoroscopy can improve acetabular compo-
nent positioning, thereby increasing joint stability [20,32]. Further,
we found that supine positioning had several unique advantages as
it pertained to IMTF. First, it enabled a clinical limb length assess-
ment intraoperatively, which is perhaps more reliable in the revi-
sion setting where radiographic landmarks are often lost. Second, it
allowed for rotational assessment and simultaneous stability
testing of the hip and knee joint during IMTF component trialing.
Lastly, it facilitated the approach to the knee and use of a leg
positioner for assistance in tibial preparation and cementing, which
would otherwise be difficult if performed in the lateral decubitus
position as previously reported. While the lack of follow-up in this
cohort is a significant limitation and further studies are necessary
to evaluate the long-term outcomes, we believe that with proper
technique and revision skill set, IMTF can be safely performed
through extensile DAA.

Summary

Concurrent with the increased incidence of primary THA and
TKA is a rising number of patients requiring revision surgery for
severely compromised femora. For patients with interprosthetic
fracture or loosening and/or massive femoral bone loss from failed
hip or knee arthroplasty adjacent to an arthritic hip or knee, IMTF is
an attractive alternative to hip disarticulation or conventional TFR.
Following IMTF, patients can anticipate improvements in pain and
function, albeit at a compromised level and with high risks of
complication and perioperative morbidity. Benefits of IMTF via a
DAA include potential lower rates of hip instability and supine
positioning, which facilitates intraoperative limb length and rota-
tional assessment, use of fluoroscopy, and more convenient expo-
sure of the knee. We believe that with proper preoperative
planning and familiarity with extensile DAA, IMTF can be safely
performed using our described technique.
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