3-D Printing for Surgical Planning of Complex Foot and Ankle Deformity
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Statement of Purpose

Case Study

Case Study Cont.

Revision surgery for patients with Charcot neuroarthropathy in the hindfoot and
ankle present a challenge for foot and ankle surgeons. Traditional imaging limits
preoperative planning and an appreciation of spatial relationships in complex foot
and ankle deformities. The purpose of this case study is to document the utility of
three-dimensional (3-D) reconstructed models for perioperative planning of
complex foot and ankle surgeries.

A 59-year-old type II diabetic male with peripheral neuropathy presented with a
non-union of the left ankle status post Charcot reconstruction surgery. A bone
stimulator was utilized to facilitate healing of the non-union. The non-union healed
malunited in a varus position [Figure 1]. The residual deformity resulted in a
plantar-lateral ulceration [Figure 2]. The wound healed using serial total contact
casts over a period of 2 months. However, the diabetic foot ulcer re-occurred in 5
months once the patient resumed weightbearing due to the mal-aligned ankle.
Advanced skin substitute grafts were applied to the lesions without resolution. As a
final option, the patient was offered a below knee amputation versus additional limb
salvage surgery.

utilized to educate the patient on their deformity and for surgical planning. To
address the varus deformity, based on information provided by the 3-D model, a
left tibial supramalleolar osteotomy with application of an external fixator was
performed [Figure 4]. The outcome of the surgical procedure was a rectus ankle
with plantigrade foot [Figure 5].

Literature Review
Patients with diabetic neuropathy have a high rate of complications.1 Charcot
deformity renders patients at risk for plantar and ankle ulcerations leading to
amputation.2-5 Malunion of the ankle in varus also predisposes patients to increased
stress under the fifth metatarsal.6 In addition, peripheral neuropathy and increased
surgery duration have been associated with increased bone healing complications in
diabetic patients undergoing foot and ankle surgery.7

To better understand the deformity, a CT scan was obtained. A 3-D anatomical
model was constructed of the left foot and ankle [Figure 3]. The 3-D model was

The post-operative course included an anterior ankle incision dehiscence and a pin
tract infection. Both complications were treated and resolved without further
complication. Upon removal of the external fixator, 4 months after application,
rectus alignment of the ankle and a plantigrade foot were maintained. 15 months
post-operatively, the foot remained plantigrade with acceptable ankle alignment
[Figure 6]. Additionally, the distal tibial osteotomy site healed in good alignment
without further osseous or wound complications [Figure 7].

Complex Charcot deformities present a significant challenge. The foot and ankle
surgeon must be able to identify deformity parameters, which becomes increasingly
difficult when the patient requires revisional surgery. Focal dome supramalleolar
osteotomies can restore congruency of a malunited ankle and preserve hindfoot
alignment,6,8 but the outcome is dependent on proper preoperative planning.11
Advances in medical technology have allowed physicians to provide patients with
improved perioperative care and streamline their surgical outcomes. 3-D printed
models have been shown to assist with preoperative planning,12,19,21-26 improve
patient understanding,16,19,21 decrease operating time,16,21,27-29 and increase
postoperative functional scores.16 3-D printed models may be especially beneficial
when considering spatial relationships12,17,21,22,24 or performing a complex
multiplanar osteotomy.12
One drawback to 3-D printing is concern over increased cost. Low-cost commercial
3-D printing software is now widely available,24 and multiple studies have found
the use of 3-D printing to be cost-effective.22,23,28,31Utilization of 3-D printed
models for Charcot reconstruction is lacking in the literature. This case study
demonstrates that anatomic models can be a vital tool to assist surgeons in complex
foot and ankle revisions. With the assistance of 3-D printing for perioperative care,
the patient in this case study was able to achieve a plantigrade functional foot.

Case Study Figures

Focal dome supramalleolar osteotomies have been described for restoring
congruency of the malunited ankle while preserving hindfoot alignment.6,8 The
Osteotomy Rules state that when the rotation of angulation passes through the apex,
the bone realigns if the osteotomy is done at a different level than the deformity.9,10
Hence, the surgeon must be able to make the correction in multiple planes which
requires extensive preoperative planning to be successful.6,11 Comprehensive
radiographic evaluation is required to optimize the accuracy of the osteotomy.12
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Two-dimensional radiographs are limited by superimposition and rotational
distortion.13-15 Traditional imaging limits the planning of complex rotational
deformities as well as intra-articular malunions because the osteotomy must be
performed in multiple planes to correct the deformity.12 This limits the preoperative
planning, leading the surgeon to make decisions based on clinical experience and
real time assessment of the situation.16
3-D anatomical models can address the multiplanar nature of complex deformities
by improving spatial anatomical recognition.12,17 Since the development of the first
3-D printer in the early 1980s,18 technological advancements have revolutionized
the utilization of 3-D printing for multiple uses in medicine.19,20 Various advantages
of 3-D models have been cited in the literature, including (1) better preoperative
planning,12,19,21-26 (2) decreased operating time,16,21,27-29 (3) improved patient
education,16,19,21 (4) decreased intraoperative radiation exposure,27,28,30 and (5)
decreased intraoperative blood loss.16,21,29 3-D printing is particularly advantageous
when 3-D spatial relationships are critical to surgical decision making.12,17,21,22,24
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Figure 1. Pre-revision malunited ankle in
varus position.

Figure 3. 3-D printing of reconstructed anatomical foot and ankle model.

Figure 5. Rectus ankle alignment after left
tibial supramalleolar osteotomy with
external fixator application.

Figure 6. Rectus ankle alignment at final
follow-up.
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