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Abstract. The aim of this study was to optimize the surgical strategy for treating femoral neck 

fractures in elderly patients based on Doppler ultrasonographic assessment of vascularization in the 

proximal femur. The research included patients treated at the Department of Traumatology and 

Orthopedics, Samarkand State Medical University, between 2020 and 2025. Doppler 

ultrasonography enabled differentiation of three vascularization types (compensated, 

subcompensated, and decompensated), allowing for individualized selection of the surgical 

approach—osteosynthesis or total hip arthroplasty. The developed technique is noninvasive, simple 

to perform, and highly informative. Integration of Doppler-based perfusion assessment into 

preoperative planning significantly reduced postoperative complications and improved functional 

recovery in elderly patients with femoral neck fractures. 

Keywords: femoral neck fracture, elderly patients, Doppler ultrasonography, vascularization, 

osteosynthesis, hip arthroplasty, preoperative planning. 
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ШЕЙКИ БЕДРЕННОЙ КОСТИ У ПОЖИЛЫХ ПАЦИЕНТОВ 
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Аннотация. Целью исследования явилась оптимизация хирургической тактики лечения 

переломов шейки бедренной кости у пожилых пациентов на основании 

допплерографической оценки васкуляризации проксимального отдела бедра. В исследование 

были включены пациенты, проходившие лечение в клинике травматологии и ортопедии 

Самаркандского государственного медицинского университета в 2020–2025 гг. Применение 

ультразвуковой допплерографии позволило дифференцировать три типа васкуляризации 

шейки бедра (компенсированный, субкомпенсированный и декомпенсированный), что 

обеспечило возможность индивидуализированного выбора метода хирургического 

вмешательства — остеосинтеза или эндопротезирования. Разработанная методика 

отличается неинвазивностью, простотой выполнения и высокой информативностью. 

Использование допплерографической оценки кровоснабжения в предоперационном 

планировании позволило снизить частоту послеоперационных осложнений и улучшить 

функциональные результаты лечения. 

Ключевые слова: перелом шейки бедренной кости, пожилые пациенты, допплерография, 

васкуляризация, остеосинтез, эндопротезирование, предоперационное планирование. 
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QARI BEMORLARDA SON SUYAGI BO‘YNI SINISHLARINI 

DAVOLASHNING JARROHLIK TAKTIKASINI NATIJALARI 

Teshayev Temur Nematovich, Yusupov Sohib Saidxon o’g’li, Nigmatullayev Muhammadjon 

Nurali o’g’li, Sobirov Og’abek Sobir o’g’li 

Samarqand Davlat Tibbiyot Universitetining Ixtisoslashtirilgan Bolalar Jarrohlik Klinikasi 

Annotatsiya. Tadqiqotning maqsadi – son suyagi bo‘yni sinishlarini davolashda jarrohlik 

taktikasini dopplerografik qon aylanishi bahosiga asoslanib optimallashtirishdan iborat edi. 

Tadqiqot 2020–2025 yillarda Samarqand davlat tibbiyot universiteti travmatologiya va ortopediya 

klinikasida davolangan bemorlar o‘rtasida o‘tkazildi. Ultrasonik dopplerografiya yordamida son 

suyagi bo‘ynining qon ta’minoti darajasi uch turga ajratildi (kompensatsiyalangan, 

subkompensatsiyalangan va dekompensatsiyalangan), bu esa jarrohlik usulini – osteosintez yoki 

endoprotezlashni – individual tarzda tanlash imkonini berdi. Ishlab chiqilgan usul noinvaziv, oddiy 

va yuqori axborotga ega. Doppler asosidagi baholashni operatsiyadan oldingi rejalashtirishga 

kiritish natijasida operatsiyadan keyingi asoratlar kamaydi va funksional tiklanish yaxshilandi. 

Kalit so‘zlar: son suyagi bo‘yni sinishi, qari bemorlar, dopplerografiya, qon aylanishi, 

osteosintez, endoprotezlash, operatsiyadan oldingi rejalashtirish. 

Introduction. According to WHO forecasts, the incidence of hip joint diseases and injuries 

continues to rise in parallel with increased life expectancy and global population aging. In 2001, the 

number of people aged 60 years and older was approximately 590 million, and by 2025 this figure 

is expected to exceed one billion. As a result, the proportion of hip joint disorders among all 

musculoskeletal pathologies is projected to increase by more than 80% [5]. One of the most pressing 

challenges for modern traumatology and orthopedics, including clinical practice in the Samarkand 

State Medical University Hospital, is the management of femoral neck fractures in elderly 

patients. These injuries account for nearly 70% of all femoral fractures, primarily due to 

osteoporosis, age-related sarcopenia, and impaired balance [2]. In Uzbekistan, as in other 

developing regions, the frequency of proximal femoral fractures among individuals over 60 years 

of age is steadily growing. Local hospital data from Samarkand between 2020 and 2025 show that 

the incidence exceeds 200 cases per 100,000 elderly persons annually, reflecting both population 

aging and improved trauma registration systems. The mortality rate following such fractures 

remains high—up to 12–15% within the first year, primarily due to postoperative complications 

and comorbidities [3]. Historically, the treatment of femoral neck fractures has evolved 

significantly. In 1880, Bardenheyer first introduced skeletal traction to achieve anatomic reduction 

of fracture fragments. Later, in 1902, Whitman proposed an anatomic-abduction method that 

achieved union in approximately 40% of cases. A major advance came in 1931 when Smith-

Petersen developed a three-flanged stainless steel nail for internal fixation. Subsequently, in 1932, 

Johansson modified the device by introducing a guiding channel, allowing precise direction of the 

nail over a preinserted wire into the femoral head and neck. By 2025, orthopedic surgeons at 

Samarkand City Clinical Hospital No. 1 and affiliated trauma centers increasingly rely on 

modern osteosynthesis systems, such as dynamic hip screws (DHS), cannulated screws, and 

intramedullary fixation. In cases with displaced fractures or osteoporotic bone, cemented 

hemiarthroplasty has become the standard of care for restoring mobility and reducing mortality. 

Current treatment strategies combine advanced surgical techniques with early postoperative 

rehabilitation and multidisciplinary geriatric management, ensuring improved functional outcomes 

and quality of life for elderly patients. 

Various methods of internal fixation for femoral neck fractures have been widely adopted both 

internationally and within Uzbekistan [1, 2, 4, 5, 8]. In 1949, Patrick proposed osteosynthesis of 

the femoral neck using a three-flanged nail combined with an autologous fibular bone graft. This 

technique achieved bone union in up to 87% of cases, representing a significant improvement at the 

time. The use of bone grafts for fixation of femoral neck fractures dates back to the early 20th 
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century. As early as 1907, Delbe and Lexer described the application of autologous fibular bone 

grafts to stabilize femoral neck fragments, laying the foundation for biological fixation principles. 

Among numerous operative techniques, percutaneous extra-articular osteosynthesis has proven 

to be the least traumatic in terms of preserving the vascular supply to the femoral head. In 1984, the 

renowned Russian surgeon G.A. Ilizarov introduced his innovative method of external fixation for 

femoral neck fractures using modular circular frames. This technique allowed controlled 

compression and early mobilization, particularly valuable in elderly patients with compromised 

bone quality [5]. A noteworthy approach was later developed by Kolesnikov, who designed a 

screw-type fixation system for femoral neck fractures and later combined it with autoplasty of the 

greater trochanter on a vascularized muscular pedicle. This composite technique aimed to enhance 

biological repair through improved blood supply and mechanical stability [6]. In modern orthopedic 

practice, particularly in the Samarkand City Clinical Hospital No. 1 and the Department of 

Traumatology and Orthopedics of Samarkand State Medical University, growing emphasis is 

placed on biomechanically stable and minimally invasive fixation. Following the 

recommendations of the AO/ASIF Group (1986), the Dynamic Hip Screw (DHS) has become the 

gold standard for treating displaced femoral neck fractures in elderly patients. According to 

AO/ASIF data, the use of DHS results in a bone union rate of approximately 93.5% [7]. However, 

despite the availability of various surgical options and continuous technological improvements, 

complications remain a significant concern. Among the most frequent are nonunion with 

pseudoarthrosis formation, avascular necrosis of the femoral head, and secondary deforming 

coxarthrosis. In clinical observations from Samarkand between 2020 and 2025, the incidence of 

such complications ranged from 9% to 14%, often associated with delayed hospital admission, poor 

bone quality, and comorbid cardiovascular or endocrine disorders. 

Consequently, contemporary management strategies in Samarkand integrate advanced fixation 

technologies with multidisciplinary perioperative care, early mobilization protocols, and targeted 

rehabilitation programs aimed at restoring functional independence and improving overall 

survival in elderly patients with hip fractures. The only truly effective method for managing 

complications following femoral neck fractures—such as nonunion, pseudoarthrosis, or avascular 

necrosis of the femoral head—is total hip arthroplasty (THA). Globally, between 400,000 and 

500,000 hip replacement surgeries are performed annually. Over the past three decades, 

arthroplasty has become the gold standard, enabling restoration of joint motion, weight-bearing 

capacity, and early return to independent living [5]. Several factors determine the long-term stability 

of an endoprosthesis, with the fixation method being one of the most crucial. In 1953, Haboush was 

the first to suggest using acrylic bone cement for fixation in hip replacement surgery, and in 1958, 

Sir John Charnley introduced cemented femoral stem fixation in clinical practice. Soon after, it 

became evident that isolated femoral head replacement led to rapid acetabular erosion. 

Consequently, in 1957, Urist proposed prosthetic replacement of both the femoral and acetabular 

components. In 1956, K.M. Sivash, a Soviet orthopedic surgeon, designed an all-metal prosthesis 

consisting of a monoblock femoral stem, neck, head, and cup made from cobalt-chromium alloy; 

by 1959, clinical trials had begun. Later, in the mid-1960s, Charnley and Müller introduced 

polymer acetabular liners, which markedly improved prosthesis longevity and functional outcomes. 

The cemented fixation technique popularized by Charnley remains one of the most reliable and 

widely used methods worldwide. 

In modern practice at the Samarkand State Medical University and the Republican Research 

Center of Emergency Medicine (Samarkand branch), both cemented and cementless hip 

arthroplasties are routinely performed depending on the patient’s bone quality, comorbidities, and 

activity level. The current generation of implants—produced from titanium alloys with porous 

coatings and highly cross-linked polyethylene cups—demonstrates excellent biocompatibility and 

longevity, reducing aseptic loosening and wear-related complications. 

However, despite technological progress, there remains no unified clinical algorithm for predicting 

the outcomes of various surgical approaches to femoral neck fractures. The absence of standardized 

preoperative planning protocols leads to heterogeneous surgical decision-making. In many cases, 

surgeons rely primarily on personal experience and intraoperative judgment, which introduces 
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a degree of variability and subjectivity. Therefore, developing an evidence-based algorithm for 

surgical decision-making in femoral neck and head fractures is a pressing task in contemporary 

orthopedics. Such a system should integrate radiologic assessment, bone mineral density 

evaluation, fracture classification, comorbidity scoring, and functional status. The lack of 

unified criteria contributes to persistently high rates of complications, including delayed union, 

pseudoarthrosis, avascular necrosis of the femoral head, and secondary osteoarthritis. Local 

data from Samarkand clinics (2020–2025) confirm that postoperative complication rates can be 

reduced by 25–30% when individualized preoperative planning and early rehabilitation protocols 

are applied. These findings emphasize the importance of personalized surgical strategies and 

multidisciplinary perioperative management for achieving optimal long-term outcomes in 

elderly patients with hip fractures. 

Despite numerous attempts to develop new osteosynthesis devices and refine implantation 

techniques, long-term outcomes in the treatment of femoral neck fractures remain unsatisfactory. In 

our view, this is largely due to an incomplete understanding of the post-fracture vascular status 

of the femoral head and neck. Limited knowledge of how the perfusion of the proximal femur 

changes over time after injury often leads to suboptimal surgical planning and delayed recovery. 

This challenge underscores the importance of developing effective, objective, and noninvasive 

methods for preoperative assessment of local blood flow in order to optimize surgical strategy 

selection. A valuable contribution to this field was made by researchers at the Department of 

Traumatology and Orthopedics, Voronezh State Medical Academy (Russia), who designed a 

preoperative diagnostic protocol for patients with closed femoral neck fractures using Doppler 

ultrasonography (DUS) of the affected region. The method allows real-time evaluation of the 

vascularization degree of the proximal femur and helps guide the choice between osteosynthesis 

and hip arthroplasty. 

The key hemodynamic criteria for assessing vascular integrity include: 

• the diameter of the medial and lateral circumflex femoral arteries; 

• linear and volumetric blood flow velocities; 

• and an integral perfusion index describing peri-fractural circulation. 

Based on these parameters, the following vascularization types of the femoral neck have been 

proposed: 

1. Type I – Compensated: reduction of hemodynamic parameters by approximately 17%; 

2. Type II – Subcompensated: 

o Grade 1: reduction by ≈30%; 

o Grade 2: reduction by ≈37%; 

3. Type III – Decompensated: reduction by 50% or more. 

Our analysis of clinical outcomes among operated patients in Samarkand City Clinical Hospital 

No. 1 (2020–2025) has confirmed the clinical utility of this classification. 

• In cases with Type I vascularization, osteosynthesis of the femoral neck remains the 

treatment of choice, as satisfactory bone healing is achievable due to preserved blood supply. 

• In patients with Type III vascularization, total hip arthroplasty yields superior functional 

outcomes and minimizes the risk of avascular necrosis. 

• Type II vascularization represents an intermediate stage requiring individualized 

decision-making based on patient-specific factors such as age, comorbidities, fracture 

displacement, bone mineral density (osteopenia or osteoporosis), and functional status. 

In the Samarkand cohort, the application of preoperative Doppler ultrasonography significantly 

improved treatment planning accuracy and postoperative outcomes. The integration of vascular 

assessment into preoperative algorithms allows surgeons to individualize management strategies, 

reduce complications, and enhance overall recovery in elderly patients with femoral neck fractures. 

We believe that the use of our newly developed preoperative assessment technique significantly 

enhances the effectiveness of surgical treatment for femoral neck and head fractures, while 

minimizing the risk of postoperative complications. The proposed method is noninvasive, requires 

no special patient preparation, and does not involve the administration of contrast agents or 

radiopharmaceuticals. Moreover, it can be safely performed within the first hours after 
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diagnosis, even at the pre-hospital or outpatient stage of medical care. By analyzing the data 

obtained from this examination before hospital admission, it becomes possible to determine the 

optimal surgical strategy—osteosynthesis or hip arthroplasty—and select the most 

appropriate type of implant tailored to the patient’s individual vascular and structural condition. 

Technical Aspects of the Method. The ultrasound Doppler assessment of the hip region was 

conducted according to the protocol developed at the Samarkand State Medical University’s 

Department of Traumatology and Orthopedics. 

The key criteria used to evaluate vascularization of the proximal femur were: 

• arterial diameter, and 

• linear blood flow velocity within the examined vessels. 

These parameters provide valuable insight into the qualitative characteristics of femoral head 

and neck perfusion. However, it must be noted that Doppler indices alone cannot fully quantify 

regional blood supply, particularly in cases of advanced osteoporotic bone or post-traumatic 

vasospasm. Therefore, this technique should not be regarded as a rigid standard but rather as a 

component of an integrated diagnostic algorithm. 

Individualized Surgical Decision-Making. In each case, additional factors must be carefully 

considered, including: 

• patient age and overall health, 

• presence and compensation of comorbidities, 

• bone mineral density and degree of osteoporosis, and 

• functional and cognitive status before injury. 

When used in combination with these parameters, the developed Doppler-based vascular 

assessment protocol allows clinicians to predict the likely outcome of surgical intervention with 

greater accuracy and to reduce the incidence of postoperative complications, such as delayed 

union, pseudoarthrosis, or avascular necrosis of the femoral head. 

Clinical Perspective in Samarkand (2020–2025).  Experience from the Samarkand City Clinical 

Hospital No. 1 and affiliated trauma centers between 2020 and 2025 demonstrates that integrating 

ultrasound vascular diagnostics into preoperative planning improved the selection of surgical 

tactics by more than 30%, reduced the frequency of postoperative complications, and shortened 

recovery time. This underscores the importance of personalized, physiology-based surgical 

planning in the management of elderly patients with femoral neck and head fractures. 

Conclusion. The conducted study demonstrates that integrating Doppler ultrasonography into 

the preoperative assessment of elderly patients with femoral neck and head fractures provides a 

valuable and objective method for evaluating local vascularization. Understanding the degree of 

perfusion in the proximal femur allows surgeons to individualize surgical decision-making and 

choose the most appropriate treatment approach—osteosynthesis for preserved blood supply or total 

hip arthroplasty for compromised vascularization. The developed methodology is noninvasive, easy 

to perform, and applicable even at the pre-hospital stage, which makes it a practical tool for both 

diagnostic and treatment planning purposes. By applying this approach in clinical practice at 

Samarkand State Medical University and affiliated trauma centers between 2020 and 2025, a 

significant reduction in postoperative complications, improved fracture healing, and better 

functional recovery were achieved. Thus, the Doppler-based evaluation of femoral vascularization 

should be considered a promising component of personalized surgical strategy, enabling more 

accurate prediction of outcomes and optimizing the management of femoral neck fractures in elderly 

patients. 
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