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Restoring femoral rotation alignment and limb length after distal femur resection and endoprosthetic
reconstruction is crucial to avoid poor outcomes. This technical note presents a simple and reliable
intraoperative technique for restoring femoral rotation and length during distal femur resection and
endoprosthetic reconstruction without the need for extensive preoperative planning or complex peri-
operative modalities. The method utilizes an external fixator frame as a guiding device to assess and
restore the native alignment. This approach provides a practical alternative to relying solely on the
position of the linea aspera, which has been shown to be an unreliable landmark for rotational align-
ment. Implementing this technique can contribute to improved functional outcomes in patients un-
dergoing distal femur endoprosthetic reconstruction.
© 2023 The Authors. 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

Limb salvage surgery for malignant bone tumors using a wide
resection and reconstruction by endoprosthesis is now a widely
accepted technique for restoring limb function and improving pa-
tient outcomes [1,2]. Endoprosthetic reconstruction has made
limb-sparing procedures possible in many situations, which leads
to the expansion in their indication even in nononcological cases
such as articular fracture with massive bone loss, revision of com-
plex total knee arthroplasty, fractures nonunion, and complex
periprosthetic fractures [3,4]. Despite the significant decrease in
the complications of the modern endoprosthesis, restoring the
native femoral rotation and length is still challenging. Inadequate
restoration of femoral rotation and length after distal femur
endoprosthetic reconstruction can lead to poor outcomes.
Component malrotation can lead to patellofemoral complications
artment, hôpital Trousseau,
�edecine, universit�e de Tours,

Inc. on behalf of The American As
y-nc-nd/4.0/).
while inappropriate femoral length and joint line restoration can
result in patella baja, gait abnormalities, and overall dissatisfaction
[5-8].

There are numerous techniques that help surgeons restore
component rotation in the classic total knee arthroplasty, such as
the posterior femoral condyles, epicondyles, and the trochlear
groove [9,10]. However, restoring the native alignment could be
challenging in the absence of these anatomic landmarks, such as in
the case of distal femoral resection for malignant tumors. Unfor-
tunately, in these situations, there are limited techniques that guide
surgeons intraoperatively to restore the rotation, such as the linea
aspera (LA), which is usually used as a landmark to identify the true
posterior of the femur [11]. However, many authors have doubted if
the LA is a reliable landmark of rotational alignment as true pos-
terior [12-15]. Previous studies suggested a systemic preoperative
radiological assessment of the position of LA at planned resection
level or the use of computer-assisted navigation to restore the
native alignment. In this present study, we describe a simple
technique that could help surgeons to restore rotation and length
alignment perioperatively during distal femur resection and
reconstruction without the need for preoperative planning.
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Figure 1. A picture of the guiding device utilizing the external fixator. The device
consists of 2 5-hole pin clamps (white arrows) attached to a connecting rod (black
arrowhead) via rod-to-rod coupling (black arrow). Two screwdrivers (white arrow-
heads) are passed through a selected hole of the pin clamp.
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Surgical technique

The intervention is carried out routinely depending on the
indication of surgery. Before the femur osteotomy is performed, a
Figure 2. (a) Drilling of the proximal femur through a selected hole of the pin clamps. (b) Ins
to the pin clamp. (c) Drilling of the tibia using the same method. (d) Distal view taken afte
demonstrating the parallelism between the 2 screwdrivers.
Hoffman II (Stryker, Kalamazoo, MI, US) external fixator frame is
built and used as a guiding device (Fig. 1). Two 5-hole pin clamps
are attached to a long connecting rod by rod-to-rod coupling. First,
the guidance device is held parallel to the limb. A 3.2 mm drill bit is
passed from the same surgical incision through a selected hole by
the surgeon of the 5-hole pin clamp (Fig. 2a). The drilling is per-
formed on the anteromedial cortex of the femur, 2-4 cm proximal
to the osteotomy level, and from the same site as the incision. We
recommend this distance to prevent stress fractures near the
resection level and to provide space in case a prophylactic cerclage
wire application is desired. Subsequently, the drill is removed, and
a 4.5 mm unicortical screw (12 mm in length) is inserted using a
screwdriver that passes through the clamp from the same selected
hole. The screwdriver is held in place, and the clamp is tightened
(Fig. 2b). Afterward, a second drilling is performed in the tibia,
using the samemethod, through the second 5-hole pin clamp and a
selected hole of the guiding device (Fig. 2c). The drilling is per-
formed on the anteromedial cortex of the tibia from the same
incision. The guiding device is held as parallel as possible during
this process. Once the drill bit is removed from the tibia, a second
4.5-mm unicortical screw (12-14 mm in length) is inserted using a
screwdriver that passes through the clamp to maintain the same
orientation. The screwdriver is kept in place, and the clamp is
tightened. Herein, the surgeon will have an idea of the orientation
of the preosteotomy rotational alignment by the 2 screwdrivers
ertion of a unicortical screw with the screwdriver attached to the screw head and fixed
r the insertion of the second screw, which is held by a second screwdriver at the tibia,



Figure 3. Proximal view showing 2 screwdrivers inserted through selected holes of
the pin clamp (indicated by red circles with numbers) and fixed to the guiding device,
which is attached to 2 unicortical screws (indicated by white arrows).

Figure 5. Distal view of lower limb with the guiding device.
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that are fixed to the guiding device, which are parallel (Fig. 2d). The
distance between the 2 screwdrivers is measured using a long ruler,
and it is recommended to double-check the length measurement.
Additionally, inserting the 2 screwdrivers into the same selected
holes (Figs. 3-5) will provide an idea of the length. Afterward, the 2
unicortical screws are kept while the guiding device and the 2
screwdrivers are removed. The resection is then carried out as
usual. It is important to emphasize the necessity of utilizing a short
screw to prevent interference with the reamers or the stem during
implant preparation. In the unlikely event that interference occurs,
the screw can be simply rotated counterclockwise to ensure it does
not protrude into themedullary canal. The screws can be reinserted
completely while checking the length.
Figure 4. Verification of limb lengths using a long ruler to double-check the length
measurement.
During the testing of component trials, the length and rotation
are checked again using the guidance device. First, insert the
screwdriver in the femoral unicortical screw through the guidance
device on the middle hole of the pin clamp. Then the second
screwdriver is attached to the screw head of the tibial unicortical
screw through the distal pin clamp through the selected holes. If
the screwdriver on the tibial side is well attached to the screw head
through the selected pin clamp hole, the limb's length is well
restored. If the screwdriver is passed through another hole to
match the head screw, it means that the length is not well restored.
For example, if the screwdriver is passed through the fourth hole
distally of the clamp instead of the third hole in order to be attached
to the screw head, it means that there is a shortening of the limb,
while if the screwdriver is attached to the screw head, but through
the second or first hole proximally, it means that limb is length-
ened. We confirm this by using the ruler to remeasure the distance
between the 2 screwdrivers as done before the resection. The same
thing for the rotation, the second screwdriver will not attach to the
screw head when passed through the guidance device until the
good rotation is restored. Here, the surgeon will try to modify the
rotation until the second screwdriver that passed via the guiding
device is attached to the screw head of the tibial unicortical screw.
When the optimal rotation is obtained, the surgeon can make a
mark by drawing a line on the femoral bone using electrocautery,
which additionally helps the control of the rotation when inserting
the definitive implant. The same maneuver will be performed
during the insertion of the definitive implant for final verification.
We provide a case example of preoperative and postoperative x-
rays for 15-year-old patients presented with conventional osteo-
sarcoma of distal right femur, which was treated by distal femur
resection and reconstruction with an endoprosthesis. The



Figure 6. A case example of a 15-year-old patient presented with conventional osteosarcoma of distal right femur (white arrow), which was treated by distal femur resection and
reconstruction with an endoprosthesis. The described technique was employed to restore the pre-existing normal alignment. (a) Preoperative long-film X-ray. (b) Postoperative
long-film X-ray at 6 months.
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described technique was employed to restore the pre-existing
normal alignment (Fig. 6).

Discussion

Restoring femoral rotation and length after distal femur resec-
tion and endoprosthetic reconstruction is essential to avoid poor
outcomes. In case of missing these anatomical landmarks, most
surgeons rely intraoperatively on the position of LA as a landmark
of the true posterior of the femur, as suggested by Martin Malawer
[11]. However, recent studies have shown that the LA is not true
posterior, and it is not a reliable landmark for axial rotation of
femoral implants [12-15].

Reple et al. evaluated the anatomical position of LA at mul-
tiple axial levels on a magnetic resonance imaging-based study
of 50 femurs. They concluded that when performing a distal
femoral replacement, the component should not be inserted in
line with the LA; otherwise, it will lead to malrotation alignment.
Tuy et al. [15] examined the position of LA based on a computed
tomography (CT) study. They found that the LA is positioned
laterally at the distal femur, medially at the midshaft, and then
laterally at the proximal third of the femur. Abdelaal et al. [12]
evaluated the position of LA on 133 femurs by CT scan. They
measured the angle of rotation of the LA at 4 different levels.
They demonstrated that only 4.5% had an exact posterior posi-
tion of the LA at all 4 measured levels. The LA was externally
rotated to varying degrees in 74% of the femurs and was never
exactly posterior at any of the 4 levels. A recent study demon-
strated similar results as previously published studies, and they
found that 78% of femoral implants would exceed the accepted
deviation when surgeons blindly depend on the LA as a posterior
landmark [14]. Another study evaluated the efficacy of
computer-assisted navigation to restore the rotation and length
alignment after distal femur resection. They demonstrated that
computer-assisted navigation permitted reapproximate femoral
rotation and length. The limb-length discrepancy was evaluated
by postoperative radiological measures, while rotation was
evaluated only clinically [16].

Prior studies have consistently recommended preoperative
assessment of the LA orientation at the planned resection level to
prevent malrotation alignment, which varies based on factors such
as resection level, patient's age, and femoral anteversion [12-15].
Although these studies evaluated LA position using radiological
measures and emphasized preoperative determination, they did
not assess postoperative outcomes or measure the validity of these
techniques.
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We believe that preoperative assessment can provide a general
idea of the LA position at the planned resection level and assist
surgeons in accurately positioning the implant. However, we doubt
the reproducibility of these techniques since restoring the native
rotation precisely is challenging, and there is a risk of deviation
from the intended resection height in the preoperative plan. This
deviation may affect the orientation of the LA and subsequently
impact rotational alignment.

The indication of the described technique encompasses its use
for restoring pre-existing alignment and normal rotation after
distal femur resection reconstructionwhere normal anatomy is not
compromised such as in oncological cases and in cases of total knee
arthroplasty revision with endoprosthesis. There are no specific
contraindications for the technique. In our experience, we have not
encountered any complications related to patellar maltracking or
malrotation. However, this technique has some limitations. The
first limitation of the technique arises when it cannot be used in
cases of fractures requiring endoprosthesis, such as periprosthetic
fractures, or revisions for nonunion, where this technique cannot
be applied due to compromised normal length and rotation unless
an anatomic reduction is performed before applying this technique.

Another concern of this technique arises in case of a pre-existing
varus or valgus deformity; controlling the length by this technique
could be minimally affected. In these scenarios, we recommend
inserting screws in the center of the anterior cortex to decrease
measuring variation and using adjunct techniques such as
comparing the length with the contralateral limb. Despite this
limitation, this technique can still be valuable in restoring rotation.

The final limitation is that this technique could minimally in-
crease operative time (5-10 minutes), which can be significantly
reduced by having the operative assistants assemble the guide
while the surgery is in progress. We believe that this technique
does not significantly extend the surgical duration when consid-
ering the length of these surgeries, which typically take more than
2 hours. We have created a specialized set of surgical instruments
for preparing the guiding device, avoiding the need to open a
complete external fixator instrument set.

It is noteworthy that even if the surgical duration is minimally
increased, it will prevent unnecessary preoperative CT planning
and save time for surgeons by eliminating the need for these
preparations. Moreover, this technique could spare patients un-
necessary radiation and prevent the overutilization of healthcare
resources. Furthermore, this technique might require a similar or
even shorter duration than computer-assisted navigation.

Despite these limitations, we believe that our technique is a
simple, reproducible, and cost-effective tool that can assist sur-
geons in these challenging situations.

Summary

This technique is effective for restoring rotation and limb length
after a distal femoral resection and endoprosthetic reconstruction
without the need for rigorous sophisticated preoperative planning
and radiation exposure by CT or fancy techniques such as
computer-assisted navigation. It can be used alone or as an
adjunctive technique along with previously mentioned techniques.
The surgeons must use different methods that help in restoring the
anatomic rotation and length of patients to improve their func-
tional outcomes.
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