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ABSTRACT—	 The distal tibia and fibula are rare sites of involvement by primary and metastatic tumors. For a long time, amputation remained the standard surgical intervention for this location. Oncological ankle replacement is associated with a number of difficulties, including a lack of soft tissue necessary to cover the implant, close proximity of anatomical structures, a high probability of vascular and infectious complications, and difficulties in restoring the biomechanics of the lost joint. Currently, due to the small number of analyzed groups and short-term observations, there is no generalized data on primary and revision oncological ankle replacement, and there is no developed approach to treatment and prevention of complications. To generalize the analysis of long-term results, the structure of complications, and functional results in a group of patients after primary and revision oncological ankle replacement in a statistically significant group of patients. The study included 40 patients with benign bone tumors, primary localized sarcomas of bone and soft tissue, and metastatic lesions, which, since 2008, until 2023 56 primary and revision endoprosthetics of post- resection defect of the distal tibia were performed. Over a period of 15 years, the study group included 40 (71.4 %) surgeries in the scope of primary endoprosthetics and 16 (28.6 %) surgeries in the scope of revision oncological endo- prosthetics of the ankle joint. Over a 15-year follow-up period, the overall incidence of complications, structured according to the International Society of limb Salvage (ISOLS) 2013 classification, after primary and revision arthroplasty was 50 %. The aver- age time until detection of oncological and non-oncological complications was 16.1 months. The leading complication after endoprosthetics was aseptic instability (Type II; 21.4 %) and tumor recurrence (Type V) – 20 %. The average functional outcome after primary and revision ankle replacement was assessed using the MSTS scale and was 72 % after 6 months and ranged from 43 to 97 %. After 12 months, this figure was 78 % and ranged from 49 to 97 %. An objective assessment and increase in the statistical reliability of the results of oncological ankle re- placement requires a larger number of surgeries, a longer observation period and joint consolidation of data from various clinics. Development of indications for such reconstructive operations, careful selection of patients taking into ac- count the effect of conservative treatment allows to reduce the total number of complications, the number of local re- lapses and achieve a good functional result.
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1. Introduction
The distal tibia and fibula are a rare location for primary and metastatic tumors. For a long time, the standard surgical intervention for this location was amputation. The development of a conservative approach to the combined treatment of primary and metastatic tumors, progress in surgical techniques and biomedical engineering have made it possible to perform organ-preserving surgeries on most patients. The choice of a method for reconstructing the lower limb after resection of the distal tibia remains controversial. Autografting of the fibula with a vascular pedicle or without a vascular component, as well as allografts, are traditionally used to replace the defect [1- 3]. However, despite all the advantages of these types of reconstruction, they have disadvantages, including component instability, dislocations, infectious complications, and a long rehabilitation period [4].

In contrast to orthopedic endoprosthetics, the issues of oncological endoprosthetics of the ankle joint are insufficiently covered in the world literature. The limited data in world and Russian publications are due to the small number of endoprostheses performed in this area. Oncological endoprosthetics of the ankle joint are associated with a number of difficulties: a deficit of soft tissues necessary to cover the implant, close location of anatomical structures, a high probability of developing vascular and infectious complications, difficulties in restoring the biomechanics of the lost joint. At present, due to the small number of analyzed groups and the short-term observations, there are no generalized data on primary and repeated (revision) oncological endoprosthetics of this localization. Also, an approach to the treatment and prevention of complications of oncological endoprosthetics of the ankle joint has not been developed [5- 8].

The aim of the study is a generalized analysis of long-term and functional results, as well as the structure of complications after primary and repeated oncological ankle arthroplasty in a statistically significant sample of patients.

2. Materials and methods
A multicenter study was conducted at the General Oncology Department of the N.N. Blokhin National Medical Research Center of Oncology and the Department of Combined Treatment of Bone, Soft Tissue and Skin Tumors of the A.F. Tsyb Medical Radiological Research Center, a branch of the National Medical Research Center of Radiology, during which significant clinical material was accumulated on the performance of primary and repeated organ-preserving surgeries with reconstruction of post-resection defects of the distal tibia with an oncological ankle joint endoprosthesis. The study included 40 patients with benign bone tumors, primarily localized bone and soft tissue sarcomas, and metastatic lesions, who underwent 56 primary and repeat endoprosthetic replacements of the post-resection defect of the distal tibia from 2008 to 2023. The study included 21 men and 20 women; the average age of the patients was 40 years and ranged from 19 to 72 years at the time of surgery. Primary malignant tumors were diagnosed in 26 patients (65%), and benign tumors in 14 patients (35%). Taking into account the local spread of the disease, the results of conservative treatment, and the oncological prognosis, the most optimal reconstruction for these patients was to replace the defect with an oncological endoprosthesis. Of 26 (65%) patients with primary malignant bone tumors, stage IB disease was diagnosed in 3 patients and stage IIB in 19 patients. In this cohort of patients, conservative treatment in the form of a block of neoadjuvant and adjuvant chemotherapy as a stage of combination therapy was performed in 84.6% (22/26) of patients with osteosarcoma, Ewing's sarcoma, undifferentiated pleomorphic sarcoma, periosteal sarcoma, dedifferentiated chondrosarcoma, epithelioid angiosarcoma, and leiomyosarcoma. Benign tumors are represented by one nosological unit - giant cell tumor. Four (28.6%) patients diagnosed with giant cell tumor underwent neoadjuvant targeted therapy with denosumab (ExGiva) according to the standard of care for this disease. The morbidity structure of patients included in the study is presented in Fig. 1. The study group included 40 (71.4%) primary surgeries and 16 (28.6%) repeat oncological ankle arthroplasty operations in patients with localized malignant and benign tumors of the distal tibia over a 15-year period.

3. Discussion
For a long time, amputation remained one of the standard surgical methods of treating patients with malignant bone tumors in the ankle joint. Until now, the choice of the method of lower limb reconstruction after resection of the distal tibia remains controversial. Options include the use of auto- and allografts, as well as arthrodesis of the joint. Reconstruction of the distal tibia with a vascularized or non-vascularized transplant is associated with the need for several operations to achieve arthrodesis, long periods of immobilization, and unpredictable results [9, 10]. Reconstruction with an allograft is characterized by long periods of rehabilitation, a high risk of disintegration, infection of the graft, and the occurrence of fractures. In contrast to the above-mentioned methods of reconstruction of post-resection defects, endoprosthetics provides the opportunity for early functional restoration and preservation of ankle joint mobility [11].

In the study by [12], 8 patients with malignant tumors of the distal tibia underwent endoprosthetics. The median follow-up was 77 months. Relapse was observed in 3 patients. Infection developed in 1 patient, which led to repeated revision surgery. The average MSTS score was 66%.

In the study by [7], 6 patients with primary malignant tumors of the distal tibia underwent ankle endoprosthetics. The average follow-up was 9.6 years. Two patients underwent amputation due to persistent infection. In 4 patients, the average MSTS score was 70%.

[13] conducted a systematic review of 33 studies, which included 337 cases of treatment of tumors of the distal tibia. Organ-preserving operations, including biological reconstruction, were performed in 290 patients. In 165 cases (57%), an autograft was used, in 79 (26.8%) - an allograft, in 10 (3.4%) - distraction osteosynthesis, in 37 (12.8%) - endoprosthetics. Similarity of functional results according to the MSTS scale after biological reconstruction and endoprosthetics was revealed - 78.4 and 72.2%, respectively. An analysis of the results of published data and our study showed that the most frequent and main complications of ankle joint endoprosthetics are periprosthetic infection and local relapse, leading in most cases to limb amputation. The introduction of oncological endoprosthetics of the ankle joint into widespread clinical practice was hindered for a long time by difficulties in creating an optimal design of the endoprosthesis that could withstand significant multi-vector loads, ensure reliable fixation to bone segments and have a compact shape that allows it to be covered with local tissues after radical tumor resection [13- 15].

4. Conclusion
An analysis of the accumulated experience of various reconstructive surgeries in the ankle joint, as well as the immediate and remote functional results of each of them, shows that organ-preserving surgeries, including ankle joint endoprosthetics, are an alternative to amputation and allow maintaining high rehabilitation potential and functional status of patients. During the statistical analysis of data from the General Oncology Department of the Federal State Budgetary Institution “National Medical The N.N. Blokhin Oncology Research Center and the Department of Combined Treatment of Bone, Soft Tissue and Skin Tumors of the A.F. Tsyb Medical Radiological Research Center, a branch of the National Medical Radiology Research Center, have identified the most common complications of oncological ankle joint endoprosthetics over 15 years. The most common complication was endoprosthesis instability (21.4% of cases), with the incidence of early instability being almost twice as high as the incidence of late instability (in most cases, it is associated with impaired fixation of the talus). Tumor recurrence also occurs quite frequently (in 20% of cases). The incidence of recurrence in bones and soft tissues was the same. An analysis of the literature showed that the data obtained on complications of endoprosthetics in this area are consistent with the results of earlier publications. In our study, we developed the basic principles of oncological ankle arthroplasty that reduce the incidence of complications, including:
- the effectiveness of neoadjuvant conservative treatment;
- the possibility of radical tumor removal;
- a sufficient amount of local tissue to cover the implant after tumor removal;
- the choice of an endoprosthesis taking into account the optimal design and biomechanics of the joint;
- the choice of an implant model with a high wear resistance potential;
- the choice of the optimal method of endoprosthesis fixation;
- carrying out restorative treatment in a specialized department;
- the patient's compliance with the recommended orthopedic regimen.
Nevertheless, for an objective assessment and increase in the statistical reliability of the results of oncological ankle arthroplasty, a larger number of operations, a longer observation period and consolidation of data from various clinics performing this type of surgical interventions are required. The development of indications for such reconstructive surgeries and careful selection of patients taking into account the effect of conservative treatment make it possible to reduce the number of complications and local relapses and achieve good functional results.
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