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    Abstract


    Ankle and pilon fractures in the elderly population as well as those with multiple co-morbidities are faced with increased surgical complications and higher mortality.


    The use of a tibiotalocalcaneal retrograde hindfoot nail without joint preparation has been utilized in this population with promising results. This procedure, however, does not come without complications. It is often difficult to place the nail in the proper position within the calcaneus, talus, and tibia as medial translation is difficult without preparing the joints for fusion. This may contribute to increased nail failure rates and specifically hindfoot fractures. Three cases of hindfoot nail failure are described in patients treated with this technique. The anatomical relationship of the hindfoot without translation under the tibia is not optimal with current nail designs in the authors' opinion. Thus, we believe there are current design flaws associated with the current hindfoot nails and more thought should be given to the spatial relationships of these bones such that a hindfoot nail with a greater valgus bend or new design concept should be entertained.
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    Introduction


    Ankle and pilon fractures are common injuries of the lower extremity that can have a detrimental impact to geriatric and immunocompromised populations [1,2]. With an increase in elderly and diabetic patients, more patients are presenting with poor bone quality and multiple comorbidities which complicate their injuries [2-4]. Common comorbidities include, but are not limited to; diabetes mellitus, peripheral neuropathy, end stage renal disease, as well as peripheral vascular disease. These patients present a challenge with regard to open reduction and internal fixation due to a high rate of complications [5]. Ankle fractures in these patients have been classified as ankle fragility fractures and there has been podiatric and orthopedic literature describing techniques and outcomes when these types of fractures are treated with retrograde tibiotalocalcaneal (TTC) nails without joint preparation. The TTC arthrodesis to improve walking was described by Professor Eduard Albert as early as 1882 and has been more commonly performed for end stage ankle and subtalar pathology [6,7].


    A recent study by Georgiannos, et al. found that elderly patients treated with tibiotalocalcaneal nails had a decreased mortality rate, higher rate of return to activity, decreased complications, and shorter hospital stays [8]. It has been discussed that these patients are also able to weight-bear immediately following surgery. Elderly patients are often forced to remain non weight-bearing after conventional open reduction internal fixation, which then increases the risk for perioperative and post-operative complications such as pneumonia, deep vein thrombosis, and pressure sores [9].


    Ebaugh, et al. recently introduced the extended inclusion criteria for TTC nailing without joint preparation in unstable ankle and pilon fractures for patients with complicated diabetes. They defined complicated diabetics as those that have confirmed diabetes along with one or more of the following: Neuropathy, nephropathy, and peripheral vascular disease. Similar to fragility fractures addressed with this surgical technique, treatment goals are comparable to those stated above with emphasis on limb salvage. Serious complications have been reported as high as 43% in this population of patients with traditional surgical intervention of ankle fractures [2]. A minimally invasive approach with a stable construct for early ambulation is ideal for complicated diabetics.


    Hindfoot fractures after retrograde intramedullary nailing of the ankle are a complication of this procedure. Three cases highlighting these complications are reported (Table 1). These fractures are caused by insertion of nails that do not conform to the anatomy of the hindfoot. As the use of hindfoot nailing increases, this complication will doubtless continue until better implants are devised.


    
      Table 1: Summary of Patients with Hindfoot Nail Failure. View Table 1

    


    Surgical Technique


    The entrance point which is 1.5 to 2 cm proximal to the calcaneo cuboid joint is localized fluoroscopically. This is in line with the axis of the tibial shaft. An awl is inserted through the calcaneus and into the talus. Placement of the awl is verified by the image intensifier. The awl is introduced retrograde through the scar of the tibial physis. A ball tip wire is exchanged with the awl and sequential reaming by 0.5 mm is commenced for preparation of a 200 mm supracondylar femur nail. The intramedullary canal is reamed to a diameter 2 mm greater than the diameter of the nail. The nail is pushed into place, never hammered. Two distal screws are placed utilizing the external guide from lateral to medial, one in the talus and one in the calcaneus. Two tibial shaft screws are then inserted using the external guide as well. Patients are allowed to bear weight immediately.


    Case Series


    Case 1


    A 56-year-old male who sustained a right bimalleolar ankle fracture in a trip and fall outside. He is an insulin dependent diabetic with an elevated HbA1c and peripheral neuropathy. He has chronic lower extremity wounds due to vascular disease. His past medical history includes hypertension, depression and acute kidney injury. He was treated with a hindfoot nail and the postoperative course was uneventful until approximately 18 days later the patient presented with loosening of the implant and fractures of both the talus and calcaneus (Figure 1).


    
      [image: ] Figure 1: (A) AP radiograph of hindfoot fractures after retrograde hindfoot nailing and; (B) Post-operative coronal CT views depicting non-union of the fibula in addition to fracture of the talus and calcaneus after the nail is explanted. View Figure 1

    


    Case 2


    A 64-year-old female who sustained a trimalleolar fracture after falling at home. Patient has a past medical history consisting of end stage renal disease (undergoing dialysis), insulin dependent diabetes, peripheral neuropathy, hypertension, peripheral vascular disease, and history of previous cerebrovascular accident. She was initially treated with a hindfoot nail and was able to ambulate post operatively. Patient returned 4 months later with an ulceration and prominent screw from the medial foot. Upon viewing the radiographs, it was noted that her hindfoot nail had fractured through her calcaneus (Figure 2).


    
      [image: ] Figure 2: (A) Post-operative failure of hindfoot nail (Calcaneal axial radiograph); (B) 3D reconstruction image of fractured calcaneus. View Figure 2

    


    Case 3


    A 64-year-old male who sustained a right closed pilon fracture secondary to a ladder fall. He is an insulin dependent diabetic with peripheral neuropathy, chronic kidney disease, and peripheral arterial disease. He presented to the clinic in a malreduced position with a medial malleolus fracture blister after first being assessed by an outside facility. He initially was treated with closed reduction and splinting. The patient underwent closed reduction and placement of a retrograde hindfoot nail three weeks later. He developed a painful non-union and experienced hardware failure (Figure 3), which then required hindfoot nail removal and revision with a larger diameter nail at 4 months.


    
      [image: ] Figure 3: Post-operative failure of hindfoot nail. Lateral radiograph before revision surgery showing hardware failure. View Figure 3

    


    Discussion


    The placement of a retrograde hindfoot nail is complicated by the anatomical relationship of the hindfoot and tibia. The typical insertion of retrograde hindfoot nails in the scenario of joint preparation of the ankle and subtalar joint rely on the ability to shift the hindfoot (talus/calcaneus complex) beneath the tibia. However, when the joints are not prepared as in cases of traumatic ankle and pilon fractures, this medialization is not possible. Anatomical studies have shown the calcaneal midsection lies between 5-10 mm lateral the tibial anatomical axis [10]. The accepted practice of TCC fusion with a retrograde nail includes medial translation of the hindfoot to properly align the calcaneus to the tibia [11]. McGarvey showed in addition to proper alignment, shifting the calcaneus a mean of 9.3 mm medially reduces injury to the lateral plantar neurovascular bundle [12].


    The structural anatomy of the talus in relation to the calcaneus is not a true linear relationship. The body of the talus lies slightly medial to that of the body of the calcaneus which causes additional hardship for placement of an intramedullary nail. The calcaneus is a pretzel shaped bone with a twist and lies slightly lateral to the body of the talus. One way to overcome this alignment is to bring the nail posterior from the tuberosity of the calcaneus as shown by Klaue, et al. [13]. Fractures in the hindfoot occur as there is not a nail which specifically matches the anatomic relationship between the talus, calcaneus, and tibia without translating the hindfoot. Further, the typical insertion site of the calcaneus in order to place the nail centrally in the tibial canal is at the junction of the sustentaculum and medial wall of the calcaneus in cases of nail insertion without joint preparation. This location results in less bone substance around the nail and is a less stable construct. There are several different nails utilized for TTC intramedullary nailing. Surgeon preference dictates nail selection. The use of a femoral supracondylar nail with a distal four degree bend to accommodate for the spatial relationship between the calcaneus and talus has been utilized in our reported cases.


    Several studies have reported successful outcomes for primary TCC nailing for fragility ankle fractures and only one for ankle fractures of the complicated diabetic. Ebaugh, et al. performed a retrospective study of 27 patients that underwent primary TTC nailing for unstable ankle fractures without joint preparation. Their series included patients with complicated diabetes. Complicated diabetes was defined as those with diabetes in addition to one or more of the following: Neuropathy, nephropathy, and/or peripheral vascular disease. The study group has a mean age of 66 years, a body mass index of 38, and a hemoglobin A1c of 7.4%. The limb salvage rate was reported to be 96% and the mean time to weight bearing was 6.7 weeks. They reported a surgical complication rate of 18%. There were three hardware failures with only one requiring revision surgery consisting of formal joint preparation and TCC nailing for arthrodesis. Out of the 27 patients in the study group, three underwent implant removal. The ability to ambulate was maintained in 81% of patients [2]. The cases reported include TTC nailing for unstable ankle and pilon fractures in similar patients. Mean time to weight bearing, however, is sooner than 6.7 weeks post-operatively.


    Jonas, et al. reported a retrospective study of 31 geriatric patients with unstable acute ankle fractures treated with a hindfoot nail without joint preparation. A 94% rate of return to pre-injury ambulation was reported. Complications included three periprosthetic fractures that occurred adjacent to the proximal tip of the nail as well as two instances of nail breakage. The nail length was not reported [9]. Al-Nammari, et al. reported a retrospective study of 48 geriatric patients treated with a long TCC nail without joint preparation for unstable ankle fractures. Each hindfoot nail was long enough to pass the tibial isthmus. The pre-injury functionality was achieved in 90% of patients and there were no cases of nail breakage or periprosthetic fractures. Three patients experienced at least one loosened or broken screw and one case of a below knee amputation was reported [14]. Baker, et al. also described the use of a long TCC nail in 16 patients reporting no implant failure or periprosthetic fractures [15].


    Conclusion


    Splinting unstable ankle and pilon fractures with TTC nails reduce morbidity not only for geriatric patients with fragility fractures but also for those with diabetes and additional comorbidities [1,2]. It is the authors' opinion that there is an increased risk of hindfoot fractures and nail failure due to the inability to medialize the hindfoot under the tibia when there is no joint preparation. The inability to center the hindfoot under the tibia increases the difficulty of placing the nail in adequate bone of the calcaneus which risks fracture and failure. This paper is a report of three such cases of hindfoot failure. It is our opinion that a redesigned retrograde hindfoot nail with more valgus bend and tunnels for screws directed towards the calcaneocuboid joint and constant fragment would improve this procedure. A straight or minimal valgus bent nail is more likely to cause a fracture than a nail with more valgus bend or other improved design for these fractures.
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