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Preoperative planning of supramaleolar deformities
correction through 3D printing
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ABSTRACT

3D printed models have been explored deeply in the medical field, standing out as an important aid tool for surgical
planning. The authors present a case report of a patient with post-traumatic arthrosis of the right ankle, who
underwent supramaleolar osteotomy, using a medial closure wedge. This surgery was performed after operative
planning by 3D printing, which can demonstrate the reproducibility of this method.
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Supramaleolar deformities: 3D Printing planning

INTRODUCTION

Three-dimensional (3D) printing was first
described by Charles W. Hull in 1986, and has been
used extensively for the past 30 years!. Due to
its precise reconstruction of complex anatomical
structures, the use of 3D printing in medicine is
increasing, being used for the learning of basic
anatomy to advanced surgical practice2. Educational
models including bones were built using 3D printing
technology3. Most of the reported 3D printed models
are highly accurate and realistic. However, they have
limitations, mainly related to the choice of hardware,
software, and materials to be used. In addition, these
models may not translate the damage to the articular
cartilage, since they come from a CT scan?#5,

Currently, 3D printed models have been
explored deeply in the medical field with the
advantages of shortening the learning curve for
surgeons and assisting them in better planning of
complex surgical procedures?3°. As an example,
we cite the work carried out by Feng Shuang et .al,
using personalized 3D printed osteosynthesis plates
demonstrating the safety and efficacy of this method
for the treatment of intercondylar fractures of the
humerus, significantly reducing the operative time®.

Supramaleolar osteotomy is a surgical
procedure commonly used to correct congenital
or acquired deformities of the distal region of the
tibia”-8. Currently, supramaleolar osteotomy has been
widely used to treat asymmetric ankle arthrosis, as a
preservative surgical method, aiming at realignment
and redistribution of loads on the ankle and making
it a good option for arthrodesis and arthroplasty, in
some cases®1011.12,

The purpose of this case report was to
demonstrate the use of a three-dimensional (3D)
impression model in the surgical planning of a
supramaleolar osteotomy of the ankle in a patient
with tibiotarsal osteathrosis.

CASE REPORT

The patient duly signed the free and informed
consent form, agreeing and authorizing the disclosure of
the data obtained from medical records, as well as the
images and photos shown in this case report. In addition,
bioethical approval was obtained from the Research
Ethics Committee (CAAE: 18913219.0.0000.5125).

We present the case of a 22-year-old male
patient, working as a vigilant. He had a history of
trauma, with an ankle fracture treated conservatively
in another service two years before the first
assessment. At the time of the consultation, he
reported severe pain in his right ankle, difficulty
walking and practicing physical activities, feeling of
stiffness and crackling.

On physical examination, he had intact skin,
without scarring, absence of signs of infection,
preserved distal perfusion, absence of motor and
sensory deficit, valgus deformity in the distal region
of the leg, 50° range of motion and pain on palpation
of the medial region of the ankle.

Weight-bearing radiographs of the right ankle
(AP and lateral) and computed tomography (CT)
showed post-traumatic arthrosis of the right ankle,
classified as Takakura stage 3A and a Lateral Distal
Tibia Angle (LDTA) of 100° °1913 (Figure 1).

Figure 1 A) weight-bearing AP radiograph of the right ankle. B) CT
scan of the right ankle (coronal view).

The patient reported that he had undergone
conservative treatment in the last year in an
intense way, having done more than 100 sessions
of physiotherapy, water aerobics, hyaluronic acid
infiltration and use of various oral medications,
including glucosamine, diacerein and collagen. The
patient reported that he was unhappy due to ankle
disability and wished to undergo a surgical procedure
to improve his condition.

Due to supramaleolar valgus deformity and
Takakura 3A arthrosis classification, a joint preservative
surgery, a supramaleolar osteotomy (SMOT) with a
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medial closure wedge!* was chosen. This technique
was chosen due to the initial correction planning
10°, which does not require osteotomy of the fibula
for its complementation. This decision followed
the most recent protocols for this surgery, and
was also supported by the benefits of a medial
closure osteotomy in relation to the lateral opening
wedge, such as its greater technical ease, its better
consolidation rates, the absence of need for using
graft and possibility of accurate planning with a 3D
mode|14,15,16.

SMOQT is a technique whose results depend
on the accuracy of correction of the deformity?®
and for that it was chosen to perform preoperative
surgical planning in a 3D model. To make the
model, the CT whose LDTA angle in the coronal
plane was 100°, was worked using the software
InVesalius, Meshmixer and Slic3r. The pieces were
arranged to be printed, defining their printing
parameters (internal geometry density of 10%,
internal grid fill shape, layer height 0.25mm, wall
thickness 3mm). Ahead, the pieces were sliced,
generating the G-code file (Figure 2).

Figure 2 (A/ B) Tomography modeling. (C / D) 3D part printing.
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The printers used: Factor 3D P350 and Sethi
3D AIP A3. The material used for printing was the PLA
filament (lactic polyacid); cross-sectional diameter
1.75mm; extrusion temperature 190°C to 210°C.
The printing time was 8 hours. In the laboratory, with
the 3D part, the LDTA angle was again measured,
whose value was confirmed at 100°.

The model was then taken to the laboratory
where preoperative planning was carried out. A 1 cm
long medial tibial wedge osteotomy was performed,
2 cm proximal to the apex of the medial malleolus.
These parameters were chosen to achieve the CORA
of the deformity and to correct the LDTA angle
to 90° as recommended in literature'4t>1, It is
assumed that each millimeter of the wedge corrects a
degree of deformity*°. The osteotomy was then fixed
medially with a T-plate, with 4 holes, with a pre-
molded 3.5 mm profile, and 8 screws with bicortical
fixation, being 4 cortical screws, size 45 mm, 1
cortical screw size 30 mm and 3 blocked screws size
30 mm. Previously, a tubular third plate, 5-hole, 3.5
mm profile plate was positioned with 4 screws, 2 of
which were blocked with 28 mm, 1 with 28 mm and
1 with 40 mm. (Figure 3). All screw sizes have been
documented and the plates have been molded. The
screws used in this laboratory planning were reserved
for sterilization to be used in vivo. The planning had
a total duration of 30 minutes.

Figure 3 (A) Drawing of the LTDA angle and the wedge on the 3D part.
(B / C) Wedge on the 3D part. (D) Wedge. (E) Pre-molding the T-plate.
(F) 3D part without the wedge. (G) 3D part with osteosynthesis materials.
(H) 3D piece with osteosynthesis materials.



Supramaleolar deformities: 3D Printing planning

At the end of the planning, an LDTA
angle of 90° '3 was obtained. The objective was a
hypercorrection following the recommendations of
the literaturet41516,

Five days after planning in the laboratory, the
patient underwent surgery. Under spinal anesthesia,
the patient was placed in the supine position. After
insufflation of a tourniquet, a medial incision was
made over the tibia with extension to the medial
malleolus to perform the medial closure wedge
SMOT, 1 cm long, 2 cm proximal to the apex of the
medial malleolus using the same instruments, plates
and screws used in the 3D part. The size of the
removed wedge was the same as that obtained in
the planning (10 mm). (Figure 4). After radioscopic
control, conventional closure and placement of a
plastered bandage was performed. The surgery had
a total duration of 45 minutes. The LDTA angle on
AP radiography obtained on fluoroscopy, 30 and 90
days after surgery, was 90° (Figure 5).

Figure 4 Wedge removed in the surgery.

Due to the stability obtained with the medial
plate, it was decided during the intraoperative period not
to place the anterior plate. We used the same pre-molded
medial plate and the same screws, demonstrating the
reproducibility of the surgical planning by 3D printing.

The postoperative period was conducted on an
outpatient basis with the splint maintained for 21 days, the
stitches were removed at the same time, and transitioned
to a boot. Proprioceptive support was started at 6 weeks
progressing to full support at 10 weeks. Physiotherapy was
started in the third week and maintained until the end of the
fourth postoperative month. Impact activities were released
after total consolidation of the osteotomy and the patient’s
clinical comfort, which occurred at 6 months of follow-up.

Figure 5 (A) Preoperative AP radiograph of the ankle. (B) Postoperative
AP radiograph of the ankle showing correction of the TAS angle.

DISCUSSION

In the present case report, an LDTA angle
of 100° was obtained in the preoperative CT and the
3D part before planning. After planning, a 90° LTDA
value was obtained, which corresponds to the LTDA
on the postoperative radiography. In addition, there
was no need to change the number and size of any
of the screws and the pre-molded medial plate. When
performing a distal osteotomy, the surgeon’s objective
should be to restore the LTDA (VR: 86-92 °) back to
the values compared with the contralateral limb and /
or slight overcorrection with 2-4° of varus'’. This shows
that 3D models are highly accurate.

L. Maini et al. in a randomized, prospective case-
control study evaluated the precision of molded and
specific plates for patients with acetabular fractures.
Twenty-one patients were included (10 in the “case”
group and 11 in the “control” group). In the “case”
group, a real 3D model specific to the patient plate
for the fractured acetabulum was made using rapid
prototyping technology and pre-molding of plates in the
preoperative period. The control group was treated using
plates molded intraoperatively. The authors observed a
reduction in blood loss of 100 ml, a reduction in surgical
time of 12 min and better functional results in the “case”
group?®. The authors concluded that plates made for each
patient, using 3D printed models, are superior during the
intraoperative period because they are more accurate.

Bagaria V et al. in his work on the treatment
of complex fracture of the acetabulum, calcaneus
and medial condyle of the femur (Hoffa fracture),
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using preoperative planning similar to the previous
one, reported an improvement in the understanding
of the fracture configuration. In addition, the
authors believe that there was an indirect reduction
in surgical time, decreased need for anesthetic
and decreased intraoperative blood loss*®. Similar
results were also found by other authors?°2!, In our
study, we verified the precision obtained with three-
dimensional planning, and we also believe that there
was a decrease in surgical time and blood loss, but
it was not possible to quantify these data.

There is an increase in the use of 3D printed
models in Brazil, not only in medicine, but also in
veterinary medicine, dentistry and other areas?? 2324,
Advances in the medical field already allow obtaining
blood vessel networks and bioprinted liver organelles,
used for training surgeons and drug toxicity studies,
respectively. There have also been advances in the
manufacture of personalized orthoses for bodily
injuries?>:26:27,

We chose not to use the anterior plate in
the intraoperative period because we do not believe
it would add stability to the system. The size of
the screws used was determined objectively by
measuring between the two cortices.

We emphasize the need for a careful
evaluation of the implants before the surgical
procedure, since there is a risk of damaging them
during planning. One option would be to use the
model plate only as a template, but the increase in
costs may make the procedure unfeasible.

We highlight here some of the limitations
presented by this study. We emphasize the need for
studies, such as larger and prospective cohorts, so
that aspects such as surgical time, the accuracy of
measurements, blood loss and implant stability can
be evaluated. Another aspect of being considered is
choosing of the material to be used while making the
3D piece. Polylactic acid (PLA), the material used in
this case, despite being biodegradable and having a
low cost, has low resistance to tension forces, being a
fragile and inelastic material, as well as Polyethylene
Terephthalate (PET)?%2°, This property limits its use
in situations that require plastic deformation and
high levels of stress, such as fixing fractures with
screws and plates3°.
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CONCLUSION

3D parts can prove to be highly accurate and
contribute to the planning of orthopedic surgeries,
adding direct benefits, such as accuracy in correcting
deformities, shaping the plate and choosing the size
of the screws.
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