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ABSTRACT

Segmental bone defects in the foot and ankle represent a challenge due to their anatomical characteristics, limited vascularization,
and poor muscle coverage. The technique described by Masquelet has shown excellent results for the treatment of segmental
bone defects in long bones. However, there are few studies in the literature on its use in the foot and ankle. The induced membrane
technique offers a valid treatment alternative to solve bone defects. It allows treatment without the need for complex procedures,
such as vascularized bone grafts or distraction osteogenesis, with a high rate of consolidation, preserving the length and function
of the limb. Although we cannot prove that this procedure is the most indicated for the treatment of bone defects, we can affirm that
all our patients have achieved consolidation, which encourages us to continue performing this same technique.
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Reconstruccion de defectos 6seos en la region del tobillo mediante la técnica de Masquelet. Presentacion
de casos

RESUMEN

Los defectos 6seos segmentarios en la regién del tobillo y el pie representan un desafio dadas sus caracteristicas anatémicas
con limitada vascularizacion y pobre cobertura muscular. La técnica descrita por Masquelet para el tratamiento de defectos 6seos
segmentarios en huesos largos ha logrado excelentes resultados. Sin embargo, se han publicado pocos estudios sobre su uso en
la region del pie y tobillo. La técnica de la membrana inducida ofrece una alternativa terapéutica valida para resolver problemas
de dificil solucién en Ortopedia, como los defectos dseos. Permite tratarlos sin necesidad de procedimientos complejos, como el
uso de injertos 6seos vascularizados o de callotasis, con una alta tasa de consolidacion, conservando la longitud del miembro y
con una buena funcion. Entre enero de 2016 y diciembre de 2018, tres pacientes con defectos 6seos segmentarios fueron trata-
dos mediante la técnica de Masquelet en nuestra institucion. Pese a que no podemos probar que este procedimiento es el mas
indicado en este tipo de casos, si podemos afirmar que se logré la consolidacién en todos los pacientes y se resolvié el defecto
dseo, lo que nos anima a seguir utilizando esta misma técnica.

Palabras clave: Defecto 6seo; pie y tobillo; tibia distal; técnica de Masquelet.
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INTRODUCTION

The anatomic region of the ankle is a major challenge for the treatment of segmental bone defects (SBD) due to
its limited vascularity and poor soft tissue coverage.'?> Among the main techniques for reconstruction are distrac-
tion osteogenesis, vascularized fibular grafting, intramedullary nail elongation, and trabecular titanium implants.**
These are surgically complex and demanding procedures with unpredictable and potentially catastrophic out-
comes.”’
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Reconstruction of Defects with Masquelet Technique

Masquelet described a new technique for the treatment of SBDs.® This procedure allows reconstruction of the
bone surface, without the need for microsurgical skills or highly complex hospital infrastructure.”!'* In the first
stage, a polymethylmethacrylate cement spacer is placed, which generates a foreign body reaction, with the subse-
quent development of an induced biological membrane. The spacer is removed in the second stage, which can be
performed 6 to 10 weeks later, and the resulting cavity is filled with an autologous bone graft. The biomembrane’s
function is not just to prevent graft resorption and soft tissue interposition, but it also secretes growth factors that
aid in bone consolidation.'>'®

The purpose of this article is to present a series of patients with bone defects in the ankle region who were treated
with the Masquelet technique, as well as to describe the technique’s various applications in this region.

CLINICAL CASE 1

A 40-year-old man, with no relevant medical history, who had suffered an exposed fracture of the right tibial
plafond in a car accident.

The initial treatment included surgical lavage, extensive debridement, and stability with a transarticular external
ankle fixator.

After two weeks, a lateral fibula osteosynthesis was performed and, given the severe joint comminution, it was
decided to maintain the distal tibia with a transarticular external fixator to recover bone stock, maintain length and
consider a deferred tibiotalar arthrodesis.

Three months following the initial trauma, an ankle arthrodesis was performed using a specially designed ante-
rior plate and cannulated screws to connect the metaphysis and tibial epiphysis to the talus, as well as ground bone
allograft from our hospital’s bone bank.

The soft tissue evolution was positive; nevertheless, there was a delay in tibiotalar fusion.

At 11 months after surgery, radiographs showed tibial plate fatigue associated with tibiotalar nonunion, and
physical examination revealed movement at the fusion site (Figure 1).

Figure 1. Anteroposterior, lateral and oblique ankle radiographs showing pseudarthrosis of a distal tibia with a failed ankle
arthrodesis.

Rev Asoc Argent Ortop Traumatol 2024; 89 (2): 164-175 « ISSN 1852-7434 (online) m



J. . Crosa et al.

Complete laboratory tests were requested and the results were within normal values: white blood cell count
8500/mm?® (normal value: 4000-10,000/mm?), C-reactive protein 0.9 mg/dL (normal value: 0.8-1.2 mg/dL) and
erythrocyte sedimentation rate 12 mm (normal value: 8-20 mm).

Because of the suspicion of infection caused by a lack of consolidation, implant fatigue, and prolonged pain, a
two-stage revision using Masquelet’s principles was decided.

In the first stage, an anteromedial approach of the distal tibia was used to confirm the absence of bone graft inte-
gration at the fusion level, and a lateral approach was used to confirm the lack of consolidation at the fracture site in
the fibula. Both tibia and fibula implants were removed, and an extensive surgical debridement of the bone and soft
tissue was conducted, which was observed as devitalized and bleeding, until bleeding ends were obtained in both
ends. Following lavage, bone and remnant tissue samples were collected for culture and pathological examination.
A bone defect was created around the metaphysis, tibial epiphysis, and talar dome.

The remaining bone defect (5 cm) was filled with two doses of cement with 2 g of vancomycin per dose, after
stabilization with a retrograde tibiotalocalcaneal nail (Figure 2).

J C

Figure 2. A. Intraoperative image of bone resection and stabilization with intramedullary nail. B and C. Anteroposterior and

lateral ankle radiographs after the first surgical stage.

Cultures were positive for methicillin-sensitive Staphylococcus aureus in both bone and soft tissue.

The infection resolved after eight weeks of treatment with rifampicin and ciprofloxacin, as determined by sensi-
tivity tests. For this reason, we proceeded with the second half of the Masquelet technique.

An anteromedial approach was performed through the previous scar. Once it was determined that the tissues
were vital, Masquelet’s membrane was incised and the antibiotic-loaded cement was completely removed. Finally,
the remaining bone defect was filled with equal halves of ground allograft from the bone bank and autograft (ob-
tained from the iliac crest) (Figure 3).

The remaining bone was sampled for culture and pathological anatomy, both of which yielded negative results.
In any event, and given the patient’s history, it was determined to complete one month of antibiotic treatment dur-
ing the postoperative period, as recommended by the Infectious Diseases Department.

The rehabilitation protocol consisted of six months without weight bearing and immobilization with a walker
boot and crutches. The patient then continued with progressive, crutch-assisted support. Full weight-bearing was
authorized 11 months after the second surgical stage.

Serial clinical and radiographic controls were performed. At 13 months following the second operation, radio-
graphic fusion was verified, and unassisted walking was authorized with a return to normal life (Figure 4).

After two years of follow-up, the patient walks unaided and without pain in the operated limb.
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Figure 3. A. Intraoperative image of the second surgical stage (spacer). B. Filling of the bone defect.

Figure 4. Anteroposterior and lateral ankle radiographs, 11 months after the second surgical stage.
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CLINICAL CASE 2

A 47-year-old man with a clinical history of arterial hypertension, who had sustained a talus fracture in a motor-
cycle versus car accident in 2015 and had been treated with open reduction and internal fixation with retrograde
screws and a medial plate.

Postoperatively, he suffered partial necrosis of the talar body and pseudarthrosis of the neck associated with
the development of subtalar osteoarthritis, for which, in 2017, he underwent revision osteosynthesis with subtalar
arthrodesis, at our institution. Three years later, he was still in pain and walked with the aid of a crutch.

Due to the persistence of pain, periodic and exceptional radiographic controls revealed pseudarthrosis of the talar
neck fracture, avascular bone necrosis of the talar body, and a lack of consolidation of the subtalar arthrodesis, as
well as the development of tibiotalar osteoarthritis.

With a preliminary diagnosis of infected pseudarthrosis based on prolonged pain, implant fatigue, and lack of
consolidation, Masquelet’s guidelines were used as the basis for a two-stage revision. In the first surgery, an ex-
tended medial approach was performed over the surgical scar. The osteosynthesis was removed, a bony sequestrum
was discovered at that level, samples were collected for culture, and extensive debridement was performed until
vital, bleeding bone was retrieved.

A defect was created around the talar body, tibial articular surface, and medial malleolus. Culture samples were
collected from tibia and talus remnant bone, as well as soft tissue containing superficial fascia and anterior tibial
tendon sheaths.

The calcaneus was stabilized with the tibia using a retrograde tibiocalcaneal nail, which kept the limb’s
length, and the defect was filled with two doses of cement containing 2 g of vancomycin each (Figure 5). In cul-
tures, Staphylococcus epidermidis was isolated from distal tibia bone tissue.

Figure 5. Anteroposterior and lateral ankle radiographs two months after the first surgery for pseudarthrosis of the talar
neck plus necrosis of the talar body.

m Rev Asoc Argent Ortop Traumatol 2024; 89 (2): 164-175 « ISSN 1852-7434 (online)



Reconstruction of Defects with Masquelet Technique

The infection resolved after nine weeks of treatment with levofloxacin and rifampicin, as determined by sensitiv-
ity tests.

Ten weeks following surgery, with the infection properly treated, it was agreed to proceed with the second surgi-
cal stage. The anterior scar was approached and, after visualizing that the tissues looked vital and bleeding, Mas-
quelet’s membrane was incised. All antibiotic-loaded cement was removed, the residual bone ends were treated,
and samples were collected for culture and pathological anatomy, which were both negative. Finally, the remaining
bone defect was filled with equal halves of autologous bone (obtained from the iliac crest) and ground allograft.

Antibiotics would not be administered beyond the second stage, as agreed upon by the Infectious Diseases De-
partment.

Complete consolidation was observed 12 months after surgery (Figure 6). The rehabilitation protocol included
six months of non-weight bearing immobilization with a walker boot, followed by six months of partial weight
bearing with a walker boot and two crutches after the second surgical stage.

The patient achieved full unassisted weight bearing at 14 months after the second surgical stage.

Figure 6. Anteroposterior and lateral ankle radiographs, eight months after the second surgical stage.
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CLINICAL CASE 3

A 61-year-old man, with no relevant medical history, who had undergone left ankle arthroplasty for primary
osteoarthritis in August 2017, at another institution. He developed an acute prosthetic infection, necessitating
two surgical debridements one month after surgery. He received antibiotic treatment for three months, and the
final cultures from both surgical debridements were negative.

He developed an anterior soft tissue coverage defect, which was treated with VAC® negative pressure wound
therapy, resulting in wound closure nine months following the initial postoperative period.

The patient consulted our institution one year after surgery due to persistent pain in the left ankle. Physical
examination revealed a limited and painful range of motion. The wounds were healed, with no signs of active
infection.

The radiographs showed an alteration of the structure compatible with loosening of the prosthesis (Figure 7).

Figure 7. Anteroposterior and lateral ankle radiographs, one year after surgery. Loosening of the prosthesis is observed at the
level of the tibia and talus.

Given the suspicion of septic loosening due to an infection history, a soft tissue coverage defect for nine
months, and pain persistence at one year and three months, Masquelet’s guidelines were adopted to direct a
two-stage revision.
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In the first surgery, an extended anterior ankle approach was performed over the surgical scar. The prosthesis
components were removed, remnant bone samples were taken for bacteriological study and debridement was
performed until vital and bleeding bone was obtained. A 2.5 cm remnant bone defect was noted. Distraction was
performed to maintain the length of the limb and a tibiotalocalcaneal nail was placed retrogradely. The bone defect
was filled with two doses of cement containing 2 g of vancomycin per dose (Figure 8).

Figure 8. Anteroposterior and lateral ankle radiographs taken in the immediate postoperative period.
Note the stabilization with a retrograde tibiotalocalcaneal nail and the antibiotic-loaded cement that
fills the bone defect.

After 10 weeks of treatment with minocycline and ciprofloxacin, and negative cultures, it was decided to con-
tinue with the second Masquelet stage.

The approach was made through the surgical scar. After observing that the tissues had a vital and bleeding ap-
pearance, Masquelet’s membrane was incised and all the antibiotic-loaded cement was removed. Remnant bone
samples were collected and yielded negative results. Finally, the bone defect was filled with equal halves of autolo-
gous bone (from the homolateral iliac crest) and ground allograft from the bone bank.
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The patient was immobilized with a cast boot for three weeks and then continued with a non-weight-bearing
walker boot. Progressive partial weight bearing began at three months protected with a walker boot and two
crutches. Consolidation was achieved eight months after surgery. 9.5 months after the second surgery, the patient
was able to bear full weight on his limb without help (Figure 9).

Figure 9. Anteroposterior and lateral ankle radiographs, one year after surgery. The consolidation and integration of the
graft can be visualized.
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DISCUSSION

SBD in the ankle and foot region represents a challenge due to its anatomical characteristics, limited vascu-
larization, and poor muscle coverage.'> Excellent outcomes have been obtained with the technique described by
Masquelet for the treatment of SBDs in long bones.*!*!>!* However, there are few studies on its use in the foot
and ankle region.

There are numerous causes for the generation of SBD in this region. Although most published studies cor-
respond to defects secondary to open fractures, causes such as gouty tophi and osteomyelitis have also been
reported.'®?! In our case series, SBD was generated by extensive surgical debridement. In two of them, as a treat-
ment for a deep infection caused by a surgical site infection, and in the other, as a result of an ankle prosthesis
loosening.

Initially used for the treatment of long bone SBD, the Masquelet technique began to be used in other regions of
the body due to its good results.!* This two-stage procedure has unique characteristics. The cement spacer acts
as a foreign body, causing the organism to generate a kind of vascularized capsule or biomembrane that surrounds
it. This provides a privileged environment for the growth and incorporation of the bone graft. It also has the func-
tion of preventing graft resorption and secreting and maintaining osteoinductive growth factors.'>'® According to
the literature, by the sixth week, the membrane is 1-2 mm thick, hypervascularized, and free of adhesions with
the underlying spacer, indicating an optimal timing for the second surgical stage.”>'”'8 In our case series, the
time elapsed between the first and second surgeries was eight weeks (2 patients) and 10 weeks for the remaining
patient. These times are very similar to those published on this region. Luo et al. performed the second surgery
eight weeks later in their study of 19 patients who were treated for osteomyelitis in the distal third of the tibia.”
In a study of infected pseudarthrosis in the metatarsal region, Giannoudis et al. performed the second surgery
between the 6th and 8th week."

In the second stage, the remaining cavity should be filled with bone grafts. Because of its osteogenic, osteocon-
ductive and osteoinductive properties, the iliac crest is the reference site.'*'>!® In cases of larger defects, where
the graft is insufficient, ground allograft from a tissue bank can be used, but without exceeding a ratio of 1 to
3.'14 Despite this, consolidation rates of >90% have been published using a ratio of 1 to 1.2*** Pesciallo et al.
used up to 64% autologous graft, and obtained a consolidation rate of >90%.> In our series, the defects were filled
with equal halves of autologous bone graft and ground allograft to avoid the need to use both iliac crests and we
achieved consolidation rates similar to those published for the diaphyseal and distal tibial region.'*>¢

The size or length of the defects, as in the rest of the long bones, does not appear to influence consolidation
rates or the patient’s ability to fully bear weight.!” However, in the foot and ankle region, these times are some-
what longer. Siboni et al. treated patients with defects up to 18 cm secondary to septic pseudarthrosis in the distal
tibia and achieved consolidation in 93% of the cases, in an average of 14 months (range 3-32).?” Similarly, Zooler
et al. reported defects between 3 and 10 cm in the distal tibial region, with a 100% consolidation rate between
two and nine months.”® In our series, the defects measured 2.5; 6 and 5 cm, dimensions quite similar to those
published, and consolidation was achieved in all patients, in an average of 10.3 months.

A strength of this study is that it is one of the few of its kind at the national level on a disease with few interna-
tional publications, for which there are multiple treatment options and adequate management remains unclear. Its
retrospective nature, the low number of patients and the heterogeneity of the variables under study are its main
weaknesses.

We believe that more studies with a greater number of patients, as well as prospective comparative studies with
other techniques, are required to obtain findings that will help us reach a therapeutic consensus in the treatment
of SBD.

CONCLUSIONS

The induced membrane technique offers a valid treatment alternative to solve problems that are difficult to
solve in orthopedics, such as bone defects. It enables us to treat them without the need for complex treatments
such as vascularized bone grafts or callus distraction, while also retaining the length of the limb and ensuring
good function.
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Although we cannot prove that this procedure is the most indicated in this type of cases, we can affirm that con-
solidation was achieved in all patients and resolution of the bone defect, which encourages us to continue using
this same technique.
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