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Femoral Extra-articular Deformity in the Context of Prosthetic Knee
Surgery and Application of Customized Treatment Using 3D Planning
and Printing Techniques

Miguel Marquez-Gémez', Carlos Manuel Castafio-Zapatero', Lydia Mediavilla-Santos’, Rubén
Pérez-Mananes', Javier Vaquero-Martin'

Learning Point of the Article:
The use of home 3D printers and open-source software, as well as the creation of a multidisciplinary 3D unit with orthopedic surgeons and
bioengineers, makes it possible to obtain customized guides or implants with satisfactory clinical results at minimal cost.

Introduction: Extra-articular deformity is that located proximal to the femoral epicondyles or distal to the neck of the fibula. In patients with
gonarthrosis associated with extra-articular deformity, a different evaluation and approach will be necessary at the time of planning the
arthroplasty. 3D planning and printing techniques have had a majorimpact on pre-operative planning, allowing the production of custom guides
atlow costand in an accessible way. To our knowledge, this is the first report of combined 3D-guided extra-articular femoral osteotomy and total
knee arthroplasty (TKA) for the treatment of extra-articular deformity and knee osteoarthritis.

Case Report: We present the case of a 48-year-old caucasian male with gonarthrosis and a history of supracondylar femoral fracture with vicious
consolidation. The pre-operative scan images were used for planning in collaboration with the engineers of the 3D planning and printing unit of
our hospital. Two guides were designed and printed using biocompatible resin. The first one has a cannulated cylinder attached to a template of
the patient’s distal femoral surface to locate the entry point to the intramedullary canal. The second one fits the anterior cortex of the femur, over
the fracture callus, and has six cannulated cylinders attached; four of them guided K-wires through the plane of the osteotomy and the other two
guided position K-wires that would ensure canal alignment in the next step. A fixation and control plate was designed to maintain the corrected
alignment until the definitive fixation with a retrograde femoral nail. After corrective osteotomy and fixation, TKA was performed. Six months
after surgery, the patientisindependent, pain-free,and does not use mechanical aids for walking. X-ray shows consolidation of the osteotomy and
restoration of the mechanical axis of the limb.

Conclusion: The use of home 3D printers and open-source software, as well as the creation of a multidisciplinary 3D unit with orthopedic
surgeons and bioengineers, makesit possible to obtain customized guides orimplants with satisfactory clinical results at minimal cost.

Keywords: 3D, extra-articular deformity, total knee arthroplasty, custom-made guides.

Introduction different evaluation and approach will be necessary at the time of

Extra-articular deformity is that located proximal to the femoral planning the totalknee arthroplasty (TKA) [1].
epicondyles or distal to the neck of the fibula. In patients with In large deformities, normally over ten degrees in the coronal
gonarthrosis associated with extra-articular deformity, a plane, it is recommended to perform a corrective extra-articular
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osteotomy followed by
arthroplasty, either
simultaneously or
staged. Alternatively, the
deformity correction
and the TKA can be
done at the same time
taking the deformity
into account by intra-
articular bone
resections [2]. This is
possible for deformities
under 20° in the coronal
plane and it is
recommended to have a
pre-operative computed
tomography (CT) scan
to assess the deformity
inall planes.

3D planning and
printing techniques
have had a major impact
on pre-operative
planning, allowing
producing three-

dimensional printed

. el l’.\hb anatomical models,
Figure 1: Pre—?peratlve ower- 1n-1 X-ray. custom implants, plates,
The preoperative CT scan described the ]
. . . or guides at low cost and
deformity as a pure horizontal translation

of4 cmand 3 cm of shortening. inanaccessible way [3 ] .

Figure 2: Guide to locate the intramedullary canal. This guide has a
cannulated cylinder attached to a template of the patient’s distal femoral
surface tolocate the entry point to the intramedullary canal.

Case Report

We present the case of a 48-year-old Caucasian male with
gonarthrosis requiring arthroplasty, with a history of
supracondylar femoral fracture with a vicious consolidation
(Fig.1).

On physical examination, the patient was obese and the knee
was stable with arange of motion 0f 15-70°.

The pre-operative CT scan described the deformity as a pure
horizontal translation of4 cmand 3 cm of shortening.

The surgical plan was a one-stage surgery: hardware removal,
oblique osteotomy at 23° calculated by trigonometry using 3D-
printed patient-specific guides, fixation of the correction with
anintramedullary retrograde femoral nail,and TKA.

Pre-operative planning

Lower limb X-ray and CT scan of the right femur and knee were
requested for pre-operative planning. The CT scan DICOM
images were imported into a radiological postprocessing
software (3D Slicer). The 3D model obtained was used for
planning in collaboration with the engineers of the 3D planning
and printing unit of our hospital.

Two guides were designed with Meshmixer. The first one has a
cannulated cylinder attached to a template of the patient’s distal
femoral surface to locate the entry point to the intramedullary
canal (Fig. 2). The second one fits the anterior cortex of the
femur, over the fracture callus, and has six cannulated cylinders
attached; four of them guided K-wires through the plane of the
osteotomy and the other two guided position K-wires that
would ensure canal alignment in the next step (Fig. 3).

A fixation and control plate was designed to maintain the
corrected alignment until the definitive fixation with a
retrograde femoral nail, using the two position K-wires put
before the osteotomy (Fig. 4).

The guides and plate were printed using biocompatible resin
and sterilized for surgical use (Fig. S).

Surgical technique

The patient was placed in the supine position and we used an
anteromedial approach with a proximal extension to expose the
distal femur.

The osteotomy guide was applied on the anterior femoral
surface and guided six K-wires, four following the osteotomy
plane and two position K-wires. Then, the osteotomy guide was
removed, keeping the K-wires in place, and we performed the
osteotomy with an oscillating saw, sliding it just proximal to the
K-wires.

A lateral displacement of 40 mm and a lengthening of 17 mm
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Figure 3: Guide to locate the plane of the osteotomy. This guide fits the anterior
cortex of the femur, over the fracture callus, and has six cannulated cylinders
attached; four of them guide K-wires through the plane of the osteotomy and the
other two guide position K-wires to ensure canal alignment in the next step.

was achieved as planned, using the two position K-wires as a
guide. We maintained the correction and canal alignment with
the designed plate, which was fixed with four screws (Fig. 6).

The other femoral guide was applied on distal femur, guiding
the intramedullary rod in the canal. The distal femur cut was
made before definitive fixation of the osteotomy with a
retrograde
femoral nail.
Finally, TKA
w oa s
performed.

Figure 4: Fixation plate used to maintain the corrected
alignment after the osteotomy. This guide was designed to
maintain alignment until the definitive fixation with a
retrograde femoral nail, using the two position K-wires put
before the osteotomy.

Clinical outcomes

There were not any early post-operative complications and the
post-operative X-ray showed that planned length correction
and femoral translation were achieved (Fig. 7). The patient was
discharged one week after surgery weight-bearing with
crutches.

One month after discharge the patient still needed one crutch to
walk. The wound had completely healed at this point and the X-
ray showed no signs of loosening or complication of the
osteotomy.

Six months after surgery, the patient is independent, pain-free,
and does notrequire mechanical aids for walking. He has arange
of motion from 0 to 100 degrees. Lower-limb X-ray shows
consolidation of the osteotomy and restoration of the
mechanical axis of the limb (Fig. 8).

Discussion

Deformity correction by intra-articular bone resections allows
single-stage TKA in patients with knee osteoarthritis associated
with extra-articular femoral deformity, reducing costs as well as
the potential complications of an extra-articular osteotomy [2,
4].

Vedoya et al. followed 28 patients with knee osteoarthritis
associated with extra-articular deformity over ten degrees who
underwent one-stage TKA, corrected by intra-articular bone
resections and soft tissue release. They report excellent results
with an average follow-up of 10.3 years, with improved range of
motion and restoration of the mechanical axis [ S ].

Our patient had a pure horizontal translation of 4 cm and 3 cm

Figure S: Printed guides and plate. The guides and plate were printed using
biocompatible resin and sterilized for surgical use.
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of shortening.
Intra-
articular
b o n e
resections
would allow
correction of
alignment in
the coronal
plane but

Figure 6: Fixation plate and position K-wires. WO uld not
Intraoperatory photograph of the fixation plate (yellow) restore the
and the position K-wires (blue) holding the alignment of len gth of the

the femurafter the osteotomy until definitive fixation.
leg. Femoral

extra-articular osteotomy allows multiplanar correction butis a
challenging procedure that depends on the complexity of the
deformity [6].

Many authors have reported the use of 3D planning and
printing technology, especially for traumatology,

Figure 8: Control X-ray six months after surgery. Lower-limb X-ray shows
consolidation of the osteotomy and restoration of the mechanical axis of the limb.

mm was achieved.

Figure 7: Post-operative X-ray. A lateral displacement of 40 mm and a lengthening of 17

reconstructive, orthopedic, and oncology surgery. Some
examples are the design of 3D-printed osteotomy guide plates
for fractures and osteotomies [7] and custom-made implants

(8,9].

To our knowledge, this is the first report of combined 3D-
guided extra-articular femoral osteotomy and TKA for the
treatment of extra-articular deformity and knee osteoarthritis.

Kappel et al. reported in 2021 a case of one-stage TKA and
correction of extra-articular tibial deformity using custom-
made 3D cutting guides with satisfactory clinical results [ 10].

Assisted by 3D printing technology, the osteotomy can be
performed with high precision, using custom-made guides that
control position and angulation of the osteotomy plane for
deformity correction, even multi-planarif necessary.

Following the “do-it-yourself” philosophy, the design,
production, and printing of the guides were carried out in an in-
hospital circuit without the collaboration of external
companies.

Conclusion

This technique helps the orthopedic surgeon to reduce human
error as well as surgical time. 3D planning lets us carry the
surgical steps in a virtual environment and even with tangible
printed models, and is reproducible in the operating room.

Clinical Message

The use of home 3D printers and open-source software, along with
the establishment of a multidisciplinary 3D unit with orthopedic
surgeons and bioengineers, enables the production of customized
guides orimplants with satisfactory clinical results at minimal cost.
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