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Relevance of the Topic
Total hip arthroplasty (THA) is one of the most widely performed and effective orthopedic procedures, facilitating the restoration of joint function and improving the quality of life for patients with degenerative and traumatic conditions. Recent decades have seen a steady global increase in the number of primary arthroplasties, driven by an aging population, rising life expectancy, the increasing prevalence of osteoarthritis, and the expansion of indications for surgical intervention.
According to current epidemiological studies, a significant surge in the volume of arthroplasty procedures is projected in the coming decades. Analytical forecasts suggest that by 2040, the number of primary THA procedures will increase by 176%, and by 2060, it is expected to grow by more than 650% compared to 2019 levels [1]. Similar data are demonstrated by national registries across various countries, which also report an annual increase in the volume of both primary and revision interventions [2].
The expansion of the volume of joint replacement operations is accompanied by an increase in the number of postoperative complications, among which periprosthetic femoral fractures occupy a special place. This complication is characterized by high clinical and socio-economic significance, as it requires complex surgical interventions and is accompanied by a high level of disability and mortality in patients. Currently, periprosthetic fractures are considered as one of the most severe complications of total hip replacement [3, 4]. 
According to current systematic reviews and clinical studies, the incidence of periprosthetic femoral fractures (PFF) following primary total hip arthroplasty (THA) ranges from 0.9% to 3.5%. In contrast, after revision surgeries, this figure increases to 8-12%, indicating a significant escalation in fracture risk during repeated surgical interventions [5]. Several publications report that within the structure of complications associated with revision arthroplasty, the incidence of periprosthetic fractures can reach 6.6-18% [6]. Furthermore, there is a steady trend toward an increasing prevalence of this complication, which is directly linked to the growing volume of arthroplasty procedures and the aging patient population [7].
According to data from national arthroplasty registries, periprosthetic fractures are currently one of the leading causes for revision total hip replacement. Specifically, in several European and North American countries, the frequency of revision surgeries necessitated by periprosthetic fractures shows a steady upward trend. Consequently, this pathology is now regarded as the fastest-growing indication for revision interventions [8].
A similar pattern is observed in Kazakhstan, where the demand for surgical treatment of hip joint pathologies is increasing annually. Specifically, between 2019 and 2022, the number of primary arthroplasties rose from 4,870 to 5,892. Furthermore, the volume of complex revision interventions more than doubled during this period, increasing from 231 to 517 [9-11]. Although official reports indicate that the overall rate of orthopedic complications is only approximately 0.1%, the sharp surge in the demand for revision surgeries points directly to the growing problem of specific complications—periprosthetic fractures of the proximal femur. 
The clinical significance of periprosthetic fractures is determined not only by the technical complexity of surgical treatment but also by unfavorable functional and long-term clinical outcomes. According to current research, patients with periprosthetic fractures experience increased hospital stays, a significant reduction in functional activity during the postoperative period, and high postoperative mortality rates [12, 13].
The complexity of treating this category of fractures is driven by several factors, including the presence of the femoral prosthetic component within the medullary canal, alterations in the biomechanics of the proximal femur, disruption of bone tissue architectonics, and reduced bone mineral density, particularly in elderly patients. These circumstances significantly limit the potential for achieving stable fracture fixation and increase the risk of postoperative complications [14].
Within the context of periprosthetic femoral fractures (PFF), fractures categorized as Type B according to the Vancouver classification hold particular clinical significance, as they are localized at the level of the femoral prosthetic component. Type B1 fractures are characterized by the maintained stability of the femoral stem and necessitate anatomically precise reduction combined with reliable fixation. In contrast, Type B2 fractures are associated with instability of the femoral component despite a relatively preserved bone stock. This distinction makes the selection of an optimal surgical strategy for Type B2 fractures a subject of ongoing and active scientific debate [15, 16]. 
Traditionally, revision arthroplasty with the installation of a long-stem femoral component has been considered the gold standard for the treatment of Type B2 fractures [17, 18]. However, current research indicates that revision interventions are associated with increased risks of postoperative complications, given the extensive scope of surgical treatment and the presence of comorbidities in older patient populations [14, 19, 20]. An additional challenge of revision arthroplasty is the formation of so-called "stress-shielding" zones. This occurs due to the redistribution of loads when utilizing long femoral stems, which also leads to a potential risk of developing mechanical complications [15]. In light of this, recent years have seen a growing interest in methods of open reduction and internal fixation (ORIF) using extramedullary locking plates while retaining the stable femoral component of the endoprosthesis. Current research results demonstrate that, with appropriate patient selection, osteosynthesis can provide clinical outcomes comparable to revision arthroplasty. Furthermore, this approach reduces the risk of intraoperative complications and preserves the biomechanical parameters of the hip joint [21, 22]. 
Specifically, data from contemporary meta-analyses demonstrate that open reduction and extramedullary locking osteosynthesis, when combined with appropriate patient selection, provide comparable clinical outcomes with shorter operative times and reduced surgical aggression. Biomechanical studies confirm that fixation stability is determined by sufficient plate length, the working length of the construct, and the capability for polyaxial screw fixation around the prosthetic stem [21, 23]. 
It should be noted that existing specialized fixation systems for periprosthetic fractures (such as the NCB Periprosthetic Femur Plate, VA-LCP Periprosthetic Proximal Femur Plate, and EVOS Periprosthetic System) are widely utilized in European and North American countries. However, their availability for medical organizations in the CIS countries, including the Republic of Kazakhstan, remains limited due to dependence on the import of medical devices.

As an alternative to these specialized fixation systems, the LISS (Less Invasive Stabilization System) locking plate – originally designed for the osteosynthesis of distal femoral fractures – is frequently employed for treating periprosthetic femoral fractures. In certain cases, it is applied in a contralateral position by flipping the plate. This technique allows the construct to be adapted to the anatomy of the proximal femur during the performance of extramedullary osteosynthesis [23]. However, the application of this plate in the treatment of periprosthetic fractures presents several significant limitations. The primary disadvantage is the restricted capability for bicortical fixation within the zone of the prosthetic stem, as the presence of the implant in the medullary canal prevents the passage of screws through both cortical layers. Consequently, to achieve fixation stability, it often becomes necessary to utilize a combination of monocortical locking screws and cerclage fixators, which can reduce the overall rigidity of the osteosynthesis and increase the risk of mechanical instability of the construct [24]. Furthermore, the LISS plate design was originally developed for the anatomy of the distal femur and does not account for the morphological and biomechanical characteristics of the proximal femur. 
Consequently, the use of an inverted LISS plate for the treatment of periprosthetic femoral fractures should be regarded as a forced alternative to specialized implants. Its design features do not provide optimal conditions for stable fracture fixation, which justifies the necessity of developing specialized extramedullary plates adapted to the anatomy of the proximal femur and the specific requirements of periprosthetic fractures.
Moreover, the lack of domestically developed implants for treating periprosthetic femoral fractures prevents the consideration of specific anatomical features and limits the potential for the widespread implementation of modern osteosynthesis technologies in clinical practice. Currently, specialized periprosthetic plates in the Republic of Kazakhstan are predominantly represented by imported systems, creating a dependency on foreign manufacturers and hindering their broad application in clinical practice.
In light of these factors, the development of domestic locking plates tailored to the anatomical characteristics of the proximal femur and the specific requirements for treating periprosthetic fractures represents a highly relevant scientific and practical challenge in modern orthopedics.
Research Objective
The objective of this study is to optimize the treatment method for periprosthetic fractures of the proximal femur by implementing extramedullary osteosynthesis using a newly developed locking plate.
Research Tasks
1. Perform mathematical modeling of the "bone-implant" system to evaluate the stress-strain state and fixation stability of periprosthetic fractures of the proximal femur when utilizing the developed locking plate.
2. Conduct an experimental biomechanical study to assess the strength of the developed locking plate.
3. Develop software for three-dimensional preoperative planning and virtual modeling of periprosthetic femoral fractures based on computed tomography (CT) data.
4. Compare the clinical and functional outcomes of treating patients with periprosthetic fractures of the proximal femur using the developed locking plate versus the contralateral LISS plate.
5. Evaluate the radiological outcomes of treating patients with periprosthetic fractures of the proximal femur using the developed locking plate.
Research Methods
1. Biomechanical and Experimental: This includes finite element mathematical modeling to analyze the stress-strain state, as well as bench testing for static and fatigue strength in accordance with the ASTM F382-17 standard;
2. Radiological: This method involves constructing a complex of three-dimensional models based on femoral computed tomography (CT) data. It also includes a scored assessment of fracture consolidation using the quantitative RUSH scale and radiography in standard projections using a digital PACS system;
3. Clinical: This involves monitoring intraoperative and early postoperative indicators, such as the duration of the surgical intervention, estimated volume of intraoperative blood loss, length of stay in the intensive care unit, and total duration of inpatient treatment. Additionally, the functional state is assessed using the Harris Hip Score (HHS);
4. Validated Qualitative Questionnaires: Patients' subjective quality of life and functional capabilities are evaluated using the Oxford Hip Score (OHS);
5. Statistical Analysis: Data analysis is performed using non-parametric statistical methods, including the calculation of the median and interquartile range, as well as the use of the Mann-Whitney U-test to assess the significance of intergroup differences.
Scientific Novelty
For the first time, a method of surgical treatment of a periprosthetic fracture of the proximal femur using a locking plate has been developed, ensuring stable fixation of the fracture in the presence of an endoprosthesis leg (Appendices A, B, C).
For the first time, biomechanical patterns of the bone-implant system have been established using the developed periprosthetic plate, confirmed by the results of mathematical modeling and experimental tests demonstrating its high strength and resistance to cyclic loads.
For the first time, a program has been developed that provides a full cycle of processing computed tomography data - from downloading and analyzing CT images to building three-dimensional models of bone structures and preparing them for 3D printing (Appendices D, E).
For the first time, a comparative clinical, functional and radiological assessment of treatment outcomes in patients with a periprosthetic fracture of the proximal femur has been performed using the developed locking plate.
Key Propositions for Defense
1. Comprehensive biomechanical justification of the proposed fixation method, including mathematical modeling of the "bone-implant" system and experimental mechanical testing, confirms the strength of the developed locking plate and the possibility of its application for PFF osteosynthesis. 
2. The use of "3D Fracture Layout Software" for modeling fractures based on patient CT data allows for preoperative planning, which leads to a reduction in surgical trauma by shortening the duration of the surgical intervention and decreasing the volume of blood loss in the main group (p < 0.05). 
3. The application of the developed locking plate and the PFF osteosynthesis method contributes to the improvement of clinical and functional treatment results for patients in the main group compared to the control group according to the HHS scale at 1, 3, and 6 months and according to the OHS scale at 1 and 3 months (p < 0.05).
4. The use of the developed locking plate for the treatment of patients with periprosthetic fractures of the proximal femur reduces the frequency of radiological signs of delayed union according to the RUSH scale by the 6th month after surgery in the main group compared to the control group (p < 0.05), and ensures fracture consolidation in all patients by the 12th month of observation.
Practical Significance
1. The application of the developed locking plate and the osteosynthesis method for periprosthetic fractures of the proximal femur ensures reliable fixation in the presence of an endoprosthesis stem, including through the possibility of bicortical screw placement.
2. The use of the developed locking plate contributes to increased stability of the osteosynthesis, which allows for accelerated recovery of weight-bearing and motor functions in patients and reduces the risk of postoperative complications.
3. The developed plate expands the possibilities for the surgical treatment of periprosthetic fractures and can be utilized in clinical practice as an effective alternative to existing fixation systems within the Republic of Kazakhstan.
Approbation of the Dissertation
Fragments of the work were presented as reports at various conferences, including those with international participation: 
1. "Horizons of Modern Traumatology and Orthopedics" // International Scientific and Practical Conference (Turkestan, September 15, 2022); 
2. "Innovations in 21st-Century Surgery" // Republican Scientific and Practical Conference with international participation, dedicated to the memory of Doctor of Medical Sciences, Professor G.K. Mamalinov of the NCJSC "Karaganda Medical University" (Karaganda, March 30, 2023);
3. "The World of Science and Youth: Traditions and Innovations" // Scientific and Practical Conference of young scientists, master's students, and doctoral students, dedicated to Science Day (Karaganda, April 12, 2023); 
4. "Current Issues in Traumatology and Orthopedics" // XXIII Interuniversity Conference of students and young scientists with international participation, supported by SICOT (Astana, July 27, 2023); 
5. "Batpenov Readings" // Young Scientists' Competition within the framework of the IV Congress of Traumatologists and Orthopedists of the Republic of Kazakhstan and the III Congress of KATO (Astana, May 16–17, 2024); 
6. "Modern Achievements of Applied Science in Orthopedics and Traumatology" // Republican Scientific and Practical Conference with international participation (Burabay, August 24–25, 2025);
7. "45th SICOT Orthopaedic World Congress" // International Congress (Madrid, September 3–5, 2025); 
8. "Heritage and Innovations in Traumatology and Orthopedics" // Scientific and Practical Conference (Almaty, September 5, 2025); 
9. "Batpenov Readings" // Young Scientists' Competition (Karaganda, October 14, 2025);
10. "Development of Traumatology and Orthopedics" // Scientific and Practical Conference (Namangan, October 24–25, 2025; 
11. The work was officially approved at an expanded meeting of the Department of Surgical Diseases of the NCJSC "Karaganda Medical University," Protocol No. 11, dated June 14, 2023.
Publications
The main provisions and results of the research are reflected in 14 scientific works, consisting of: 1 publication in a peer-reviewed journal indexed in the Scopus database with a CiteScore percentile of at least 35; 3 publications in journals recommended by the Committee for Quality Assurance in the Sphere of Education and Science of the Ministry of Education and Science of the Republic of Kazakhstan; 1 teaching and methodological complex and 3 abstracts in the proceedings of international scientific and practical conferences; 1 patent issued by the National Institute of Intellectual Property of the Republic of Kazakhstan and 1 patent application; 3 copyright certificates and 1 act of implementation into clinical practice:
1. Balgazarov A., Balgazarov S., Batpen A., et al. "Clinical and Epidemiological Characteristics of Periprosthetic Femoral Fractures Treated with an Anatomically Contoured Locking Plate: A Five-Year Single-Center Experience from the National Scientific Center of Traumatology and Orthopedics, Astana, Kazakhstan" // Orthopedic Reviews. 2025;17.
2. Balgazarov A.S., Batpen A.N., Balgazarov S.S., et al. "Treatment of periprosthetic femoral fractures after total hip arthroplasty. Literature review" // Traumatology and Orthopaedics of Kazakhstan. Special issue. – Astana. – 2023. – Vol. 69. - No. 3. – pp. 4-11.
3. Balgazarov A., Batpen A., Balgazarov S., et al. "Mathematical Modeling of a Plate for Fixation of Periprosthetic Fractures of the Proximal Femur" // Traumatology and Orthopaedics of Kazakhstan, – 2024. – Vol. 74. - No. 3. – pp. 4-9.
4. Balgazarov A., Balgazarov S., Abilov R., et al. "Osteosynthesis of a Periprosthetic Fracture of the Proximal Femur Type B2 Using a Developed Anatomical Locking Plate. A Case Report" // Traumatology and Orthopaedics of Kazakhstan. Special issue. – Astana. – 2026. – Vol. 77. – p. jto041.
5. "Extramedullary osteosynthesis of periprosthetic fractures of the proximal femur with the NSCTO plate" // Methodological recommendations. – Astana: Academician N.D. Batpenov NSCTO. – 2025. – 22 p.
6. Balgazarov A.S., Balgazarov S.S., Belokobylov A.A., et al. "Experience in using a domestically developed extramedullary plate in the treatment of periprosthetic fractures of the proximal femur" // Traumatology and Orthopaedics of Kazakhstan. Special issue. – Astana. – 2024. – Vol. 73. – pp. 70-71.
7. Balgazarov A.S., Balgazarov S.S., Belokobylov A.A., et al. "Clinical comparison of the use of a modernized plate with bicortical screw fixation and cerclage integration in the treatment of Vancouver type B2 periprosthetic hip fractures" // Traumatology and Orthopaedics of Kazakhstan. Special issue. – Astana. – 2024. – Vol. 76. – pp. 70-71.
8. Balgazarov A., Balgazarov S., Batpen A., et al. "Application Of A Modernized Plate With Bicortical Screw Fixation And Cerclage Integration Through Transverse Foramen In The Treatment Of Periprosthetic Fractures Of The Proximal Femur Type B2 Of The Vancouver Classification" // OrthoEvidence. SICOT 2025: Modernized Plate Fixation for Vancouver B2 Periprosthetic Proximal Femur Fractures. ACE Report. 2025;13(16):58.
9. Utility model patent No. 9212 dated June 7, 2024, "Plate for fixation of periprosthetic fractures of the proximal femur" (Appendix A).
10. Patent application No. 2024-52824 dated October 9, 2024, "Method for the surgical treatment of a periprosthetic fracture of the proximal femur with a domestically produced locking plate" (Appendix B).
11. Certificate of entry of information into the state register of rights to objects protected by copyright. No. 27665 dated July 5, 2022, "Optimization of surgical treatment of periprosthetic fractures of the proximal femur by locking osteosynthesis" (Appendix C).
12. Certificate of entry of information into the state register of rights to objects protected by copyright. No. 51761 dated November 22, 2024, "Processing of CT scans for the creation of 3D models of periprosthetic fractures of the proximal femur" (Appendix D).
13. Certificate of entry of information into the state register of rights to objects protected by copyright. No. 50890 dated October 30, 2024, "Preoperative planning of periprosthetic fractures of the proximal femur using additive technologies and computer modeling" (Appendix E).
14. Act of implementation into clinical practice: "Method of submerged osteosynthesis of periprosthetic fractures of the proximal femur with the developed domestic angularly stable plate" (Appendix F).
Connection of the dissertation to other research projects
The dissertation research was conducted within the framework of the scientific and technical program for program-targeted financing of the Ministry of Health of the Republic of Kazakhstan (No. BR11065157). The program title is "Development and Scientific Substantiation of Innovative Technologies for Improving the Efficiency of Diagnosis and Treatment of Injuries, Consequences of Trauma, and Diseases of the Limbs, Spine, and Pelvis".
Implementation into practice 
An act of implementation into clinical practice has been finalized for the "Method of Internal Osteosynthesis of Periprosthetic Fractures of the Proximal Femur Using the Developed Domestic Angularly Stable Plate" (Appendix E).
Personal contribution of the author
The author's individual work involved several key stages of the research:Literature Review: Conducted a comprehensive review of existing treatment methods for periprosthetic fractures of the proximal femur and identified their current limitations.Design and Development: Collaborated with the scientific supervisor and heads of the orthopedic department at the Academician N.D. Batpenov National Scientific Center of Traumatology and Orthopedics (NSCTO) to develop a new locking plate for extramedullary osteosynthesis of Vancouver Type B fractures.Clinical Involvement: Performed patient recruitment and participated directly in the clinical treatment of patients at the NSCTO during the period of clinical data collection.Data Analysis: Conducted the statistical processing and analysis of clinical, instrumental, and laboratory data for patients treated at the NSCTO between 2021 and 2024.Synthesis: All materials were personally systematized, documented, and formatted into the dissertation by the author.
Volume and structure of the dissertation
The dissertation is written in Russian and consists of 112 pages of printed text. The structure includes a title page, table of contents, normative references, definitions and abbreviations, introduction, main body, conclusion, findings, practical recommendations, and a bibliography. The work is illustrated with 46 figures and 15 tables.References: The list of cited literature comprises 136 sources.
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