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1. Introduction

The treatment of segmental tibial and ankle bone loss after radical surgery for chronic
osteomyelitis is one of the most challenging problems encountered by orthopaedic surgeons.
Open tibia and ankle fractures occur with an incidence of 3.4 per 100,000 and 1.6 per 100,000,
respectively [1,2] and have a high propensity to lead to the development of fracture-related
infection with associated chronic osteomyelitis.

Once infection is established, there is often associated fracture non-union, limb length
discrepancy, and deformity with the early development of osteoarthritis. This completely
changes the prognosis and determines the delay in the clinical recovery of the patient.

In cases where there is significant contamination or bacterial load, infection with
more virulent or multiple organisms, or complicating patient comorbidities, a two-stage
reconstruction may be the best treatment option. The first approach includes the Masquelet
technique, Papineau technique, or antibiotic-impregnated internal fixation techniques [3].

When the infection has been cleared and the wound bed is healthy, reconstruction
includes multiple options: autograft bone transport utilizing external fixation [4], vas-
cularized fibular transfer [5], massive cancellous bone grafting with and without tissue
transfer [6], and osteomyocutaneous flaps.

In this surgical arena, we introduce a discussion regarding 3D-printed technology
with custom-made spacer implants.

2. Discussion

Given the complexity and uniqueness of each individual case, multiple factors, includ-
ing patient comorbidities, injury type, soft tissue or bone defects, as well as the chronicity
of the infection, must be considered. Because of these factors, there is no single solution for
any case. Individualized treatment regimens must be considered.

Combining 3D-printed technology and the experience of the surgeon allows the
development of custom-made implants that, when positioned into the bone loss space to
ensure a proper fit, are able to replace the resected bone and restore the proper alignment
and length of the lower limb.

The production of each implant starts with the measurement of the contralateral tibia
and ankle radiographs, MRI, and/or computed tomography (CT) scans. The CT images
are then collected to create a computerized 3D model, the implant’s first prototype.

The custom-made spacer consists of a trabecular metal tibial component, an implant
for the reconstruction of the previously resected portion of bone, and eventually of talus
if the intra-articular defect exists, associated to tibial and talar cutting guides to prepare
regular resections, and to a drilling guide for the screws used to fix the implant. The whole
system is then stabilized through a tibiotalocalcaneal retrograde nail. These custom-made
spacer implants require up to 4 to 6 weeks to be produced.
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The type of surgical approach is important to reduce rehabilitation morbidity for the
patient. The technical difficulties, the particular geometry of the resected bone, and the
altered anatomy of the soft tissues can influence the surgical result. Despite the design
being developed to use the residual bone as a reference for the level of the cut and the
patient-specific guide for the bone as a rotation reference, minimal changes during the
surgery can create various problems when fitting the implant. However, compared to the
more commonly used technique of bone transport with external fixation, no complications
(including non-union, stress, or refracture at the bone regeneration site or pin tract infec-
tions) have been observed. An extended non-weight-bearing period is also not needed [7].
Using an autograft has the considerable disadvantages of donor site morbidity and lim-
ited quantity [8,9]; moreover, the allograft could be potentially limited in size and less
osteogenic, with higher rates of non-union [10]. Both have been known for the possibility
of undergoing late collapse and can be limited by the difficulty in achieving the correct
shape for reconstruction [11,12].

The economic aspect is a limiting factor regarding the spread of patient-specific im-
plants. Custom-made systems by definition are not mass-produced and require a multidis-
ciplinary team that deals with the design and production of the implants.

In conclusion, post-traumatic infections pose a daily challenge for orthopaedic sur-
geons and patients alike. A multidisciplinary approach is required with high levels of
coordination between specialties. The customizability of 3D printing is an attractive po-
tential alternative to the treatment of segmental bone loss in the foot and ankle. The use
of 3D-printed implants can avoid the complications and limitations brought about by
autografts and allografts in foot and ankle surgery. Furthermore, value-driven models
of care may favour the adoption of 3D technology as it becomes more accessible. Long-
term studies are needed to monitor delayed complications such as stress shielding and
implant failure.
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