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ABSTRACT
BACKGROUND: Aseptic necrosis of the femoral head in school-age children is a severe, rapidly progressive degenerative and 
dystrophic disease. A significant proportion of girls aged >10 years with osteonecrosis of the femoral head have been profes-
sionally engaged in rhythmic gymnastics. The relationship between professional sports, in particular rhythmic gymnastics, 
and the development of this pathology and the mechanism of impaired blood flow in the femoral head in such cases remains 
unclear. The severity of the course and serious consequences of this disease in the form of multidimensional deformities of 
the femoral head, early arthrosis of the hip joint, and persistent disability, require close attention.
AIM: To analyze modern world literature data on the etiology, pathomechanics, and features of the course and treatment of 
idiopathic aseptic necrosis of the femoral head in children professionally engaged in rhythmic gymnastics.
MATERIALS AND METHODS: A literature search on the problem of idiopathic aseptic necrosis of the femoral head in children 
professionally engaged in rhythmic gymnastics in the open information databases was conducted in PubMed, Science Direct, 
and Library with an analysis depth of 20 years.
RESULTS: The analysis of publications on the osteonecrosis of the femoral head allowed us to talk about the etiological 
connection of this condition with professional rhythmic gymnastics, namely, high-intensity repetitive loads on the hip joint 
of a child. Studies using in vivo laser Doppler flowmetry and 3D computer modeling prove the occlusion of blood vessel 
branches encircling the femur under excessive mechanical stress on the femoral head and potentially unfavorable positions 
in the hip joint – overextension (hyperextension), external rotation, and abduction.
CONCLUSIONS: Professional gymnastics can be a risk factor for the development of osteonecrosis of the femoral head. 
Frequent late disease diagnoses with the development of severe deformity of the femoral head and end-stage coxarthrosis 
requiring total hip replacement in adolescents determine the need for early identification of the causes of hip pain in chil-
dren engaged in gymnastics. The findings will help improve treatment results and reduce the number of organ replacement 
interventions.
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Научный обзор

Идиопатический асептический некроз головки 
бедренной кости у детей, профессионально 
занимающихся гимнастикой. Обзор литературы
И.Ю. Поздникин, П.И. Бортулёв, Д.Б. Барсуков
Национальный медицинский исследовательский центр детской травматологии и ортопедии имени Г.И. Турнера, Санкт-Петербург, Россия

АННОТАЦИЯ
Обоснование. Асептический некроз головки бедренной кости у детей школьного возраста — тяжелое, быстро про-
грессирующее дегенеративно-дистрофическое заболевание. Значимая часть девочек старше 10 лет с остеонекрозом 
головки бедренной кости профессионально занималась художественной гимнастикой. Не до конца выяснены зависи-
мость между профессиональными занятиями спортом, в частности художественной гимнастикой, и развитием этой па-
тологии, а также механизм нарушения кровотока в головке бедренной кости в таких случаях. Тяжесть течения и серьез-
ные последствия этого заболевания в виде многоплоскостных деформаций головки бедренной кости, раннего артроза 
тазобедренного сустава и стойкой инвалидизации заставляют обращать пристальное внимание на данную проблему.
Цель — проанализировать данные современной мировой литературы об этиологии, патомеханике, особенностях тече-
ния и лечения идиопатического асептического некроза головки бедренной кости у детей, профессионально занимаю-
щихся художественной гимнастикой.
Материалы и методы. Проведен поиск литературы по проблеме идиопатического асептического некроза головки 
бедренной кости у детей, профессионально занимающихся художественной гимнастикой, в открытых информационных 
базах PubMed, Science Direct, еLibrary c глубиной анализа 20 лет.
Результаты. Анализ публикаций по проблеме остеонекроза головки бедренной кости позволяет говорить об этиоло-
гической связи данного состояния с профессиональными занятиями художественной гимнастикой, а именно с высоко-
интенсивными повторяющимися нагрузками на тазобедренный сустав. Работы с применением лазерной допплеровской 
флоуметрии in vivo и компьютерного 3D-моделирования доказывают о возникновении окклюзии ветвей кровеносных 
сосудов, огибающих бедренную кость, при чрезмерной механической нагрузке на головку бедренной кости и потенци-
ально неблагоприятных положениях в тазобедренном суставе — переразгибании (гиперэкстензии), наружной ротации 
и отведении.
Заключение. Профессиональные занятия гимнастикой могут быть признаны фактором риска развития остеонекроза 
головки бедренной кости. Частые случаи поздней диагностики заболевания с развитием выраженной деформации 
головки бедренной кости и явлениями коксартроза терминальных стадий, требующих проведения тотального эндопро-
тезирования тазобедренного сустава у подростков, определяют необходимость раннего выявления причин боли в тазо-
бедренном суставе у детей, занимающихся гимнастикой. Это будет способствовать улучшению результатов лечения 
и сокращению числа органозамещающих вмешательств.

Ключевые слова: остеонекроз; гимнастки; асептический некроз головки бедренной кости; болезнь Легга – Каль-
ве – Пертеса; спорт; травма; коксартроз.
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BACKGROUND
Regular physical activity is beneficial for people of all 

ages. It determines proper energy balance and weight control, 
has a positive effect on mental health, and is a means of 
socialization [1, 2].

Many young people are focusing in one sport (“sports 
specialization”), which implies the improvement of skills, 
abilities, and selection of a specific area of sport with intensive 
year-round training and exclusion of other disciplines. Sports 
specialization enables an athlete to achieve a high level of 
professionalism and improves sports performance. However, 
it is associated with an increase in the general and local 
levels of loads, increase in training intensity and volume, 
risk of maladaptation in the absence of sufficient rest for 
recovery, and injuries [3–5].

Among orthopedists, the active growth period is a critical 
moment for young athletes, in which they have a high 
susceptibility to damage at the apophyseal and epiphyseal 
level, particularly during early sports specialization, which is 
characterized by chronic local microtrauma [6, 7].

Over the past two decades, the incidence of sports injuries 
in children tended to increase. In the literature, the incidence 
of injuries in artistic gymnastics ranges from 1.08 to 50.3 
per 1000 h of training. In rhythmic gymnastics, most injuries 
(60.5%) are registered in the lower extremities, and the hip 
and pelvic injuries account for 15% of cases [8–11].

Osteonecrosis of the femoral head in adolescents pro-
fessionally involved in sports is a relatively rare, severe, 
and rapidly progressive degenerative, dystrophic disease. 
 Synonyms for similar pathological conditions in the world 
scientific literature include the terms “ischemic,” “nonvas-
cular,” “avascular” necrosis, and “bone infarction”; however, 
in recent years, the general term “osteonecrosis of the femo-
ral head” is more often used [12–14].

Frequently registered total and subtotal variants of 
femoral head damage have unsatisfactory treatment results, 
particularly in the final disease stages [12, 13]. The disease 
course, severity, and consequences such as multiplanar 
femoral head deformities, early hip joint arthrosis, and 
persistent disability force us to pay close attention to this 
problem.

The study aimed to analyze data from modern world 
literature on the etiology, pathomechanics, and course and 
treatment of idiopathic aseptic necrosis of the femoral head 
in pediatric patients professionally involved in rhythmic 
gymnastics.

MATERIALS AND METHODS
A search and analysis of data from modern scientific 

global literature was performed in PubMed, Science 
Direct, and eLibrary for the period from 2000 to 2023 using 

the keywords “Legg−Calvé−Perthes disease” and “aseptic 
(avascular) necrosis of the femoral head”: Legg−Calvé−
Perthes, Perthes-like necrosis, osteonecrosis femoral 
head, femoral head avascular necrosis late presentation, 
gymnastics, females, adolescents.

RESULTS AND DISCUSSION
Osteonecrosis of the femoral head is a severe progressive 

degenerative-dystrophic disease of the hip joint that affects 
mainly young people of working age [13–19]. 

If left untreated in the early stages, the femoral head 
collapses within 3–4 years in 80% of patients, which requires 
hip replacement. Statistically, 5%–17% of endoprosthetic 
surgeries are performed for aseptic bone necrosis [14–19].

Moreover, aseptic necrosis of the femoral head is a risk 
factor for early implant instability. The results of primary 
endoprosthetics for osteonecrosis of the femoral head are 
worse than with interventions performed for idiopathic 
coxarthrosis, and revisions within 10–15 years reach 
40%. The situation is also aggravated by the young age of 
the patients owing to the limited lifespan of the artificial joint 
in these patients leading an active lifestyle [20–22].

A direct correlation was reported between training 
volume and intensity and the risk of injury. In sports, 
the baseline risk of injury in a young athlete increases when 
performing repetitive, intense exercise that results in chronic 
microtrauma to the bones, muscles, or tendons [23, 24].

Damage to the hip joint, particularly deformities 
of the proximal femur of the cam femoroacetabular 
impingement type, is a common cause of pain in athletes. 
In 1971, R.O. Murray and C. Duncan were the first to describe 
the potential association between the involvement in 
“aggressive” sports in adolescence and the development 
of proximal femoral deformity in the future [25]. In athletes 
involved in hockey, basketball, football, long jump, high 
jump, pole vault, and other sports, such a head deformity 
occurred up to eight times higher than in those in the control 
group [26].

According to the literature and our cases, the treatment 
outcomes of pediatric patients aged <8 years with a typical 
presentation of Perthes disease can generally be considered 
good, and the prognosis is favorable. In contrast, late-
onset Perthes disease after the age of 9 years, particularly 
in women, characterized by total and subtotal involvement 
of the femoral head (Catterall III and IV), is associated with 
worse outcomes (Stulberg III and IV) and poor prognosis, 
which determines the great social and economic significance 
of the problem [27–29].

The ascending branches of the medial and lateral 
circumflex femoral arteries provide the main blood supply 
to the femoral head and neck. Femoral head ischemia 
and the subsequent development of osteonecrosis due to 
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the mechanical disruption of the integrity of blood vessels 
during trauma were proven using the “ligature model” [30]. 
Among other factors that contribute to impaired blood 
supply in children, thrombophilia-related coagulopathy, 
chronic glucocorticoid therapy, sickle cell anemia, systemic 
lupus erythematosus, hyperlipidemia, chronic renal failure, 
diabetes mellitus, etc., are the most frequently mentioned in 
the literature [31–33].

Excluding these most possible causes of osteonecro-
sis of the femoral head, an etiological relationship of this 
condition with professional sports can be assumed, that is, 
with high-intensity repeated loads on the hip joint. In par-
ticular, high-level gymnastics requires significant flexibil-
ity in the hip joints and long training, and exercises often 
involve positions of extreme range of motion that are not 
typical for other sports or daily activities. In addition, a high 
load on the hip joint is associated with somersaults, land-
ings, and strong impacts [4–11, 13, 34, 35]. Several studies 
have examined this issue, which examines the relationship 
between professional sports, particularly rhythmic gymnas-
tics, and the development of osteonecrosis of the femoral 
head [36, 37].

Y. Assouline-Dayan et al. (2002) suggested that the an-
terosuperior segments of the femoral head, which bear 
a greater load of the body weight, are more sensitive to 
the effects of mechanical overload, which may result in 
vascular occlusion of the lateral segment of the femoral 
head [38].

This hypothesis was confirmed by K. Mihara and 
T. Hirano (1998). They revealed that osteonecrosis developed 
in some rats that were forced to stand on their hind limbs 
while being fed in high cages; however, this was not observed 
in control rats fed in low cages. The authors admitted that 
excessive mechanical load on the femoral head was at least 
one of the causes of osteonecrosis [39].

In another rat study, G. Yoshida et al. (2000) noted that 
when the hip was subjected to excessive load using a special 
device, significant deformity of the femoral head occurred, 
particularly in the lateral parts, and its severity correlated 
with the amount of weight. This compression also caused 
the occlusion of the lateral circumflex epiphyseal arteries 
at the site of their penetration into the integumentary 
cartilage [40].

A.N. Larson et al. obtained similar data, suggesting 
the mechanical nature of osteonecrosis in several of cases, 
when examining 13 gymnasts with late-onset Legg–Calvé–
Perthes disease. In the group aged >10 years, >75% of such 
patients were girls who were professionally involved in 
rhythmic gymnastics. Thus, repeated microtrauma of the hip 
joint structures during training can be considered the main 
cause of osteonecrosis [37] (level of evidence: IV, case 
series). Several other animal studies have reported similar 
findings [41, 42]. 

Thus, repeated loads in extreme hip positions associated 
with professional rhythmic gymnastics may be a possible 
etiological factor of the osteonecrosis of the femoral head 
[36, 37].

Undoubtedly, this does not happen in the majority of 
adolescents of this age group involved in sports, particularly 
gymnastics; however, as with other orthopedic diseases, 
osteonecrosis of the femoral head is believed to be caused by 
the combined effects of genetic variability in the anatomical 
structure of the bone and vascular anatomy and cartilage 
tissue, which may increase the disease risk under conditions 
of chronic trauma to the hip joint [38–40, 43] (level of 
evidence: case series, level IV).

Thus, traumatic injury was the most probable etiological 
factor in the development of osteonecrosis in female 
gymnasts; however, its pathomechanical causes were not 
fully determined [36, 37]. 

In our opinion, the following two studies are of the greatest 
interest. H.P. Nötzli et al. (2002), using laser Doppler 
flowmetry in vivo, established a decrease in the femoral head 
perfusion when the posterolateral surface of the femoral 
neck contacts the edge of the acetabulum posterior wall, 
which usually occurs with full extension and/or external 
rotation of the femur [44]. These changes were reversible 
and caused by the compression of the retinacular branches 
of the medial circumflex femoral artery on the posterolateral 
surface of the femoral neck [45].

S. Blümel et al. (2022) hypothesized that osteonecrosis 
is caused by repeated exposure to retinacular vessels and 
their occlusion, as a result of either injury or inflammation 
and reparative processes in the vascular wall. The medical 
history excluded trauma, previous avascular necrosis of 
the femoral head, or hormonal use. Based on laboratory 
tests, immunological or hematological pathology and other 
known risk factors were ruled out. To explore this hypothesis, 
3D modeling of potentially unfavorable hip joint positions was 
performed using computed tomography, which demonstrated 
the contact between the neck and the posterior edge of 
the acetabulum during hyperextension, external rotation, 
and abduction [13]. For gymnasts, these extreme positions 
in the joint are stereotypical movements during “stretching” 
exercises, which are often with high intensity or for a long 
time.

An important aspect of the problem is early disease 
diagnosis. In most cases, determining the cause of hip 
pain can be a major challenge for orthopedic surgeons 
[46, 47]. The diagnosis of osteonecrosis of the femoral 
head is made late; patients visit an orthopedist and are 
admitted to the hospital only weeks and months after 
disease onset. The duration of clinical manifestations in 
such patients before referral to an orthopedist ranges 
from 4 to 7 months. In our opinion, the following 
circumstances cause difficulties in the early diagnostics of 
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aseptic necrosis of the femoral head in children involved 
in sports:
1. In the absence of an obvious injury, moderate pain af-

ter training, during periods of rest and recovery, often 
stops. In persistent pain, this problem can be regarded 
as a muscle strain with the appropriate use of painkill-
ers and anti-inflammatory drugs locally and orally, which 
to some extent disguises the clinical presentation of the 
disease onset.

2. With more pronounced clinical symptoms, considering 
the plasticity and mobility of the muscles and ligaments 
in young female gymnasts, a sports doctor often does 
not reveal limitations in the range of motion in the joint, 
particularly abduction and internal rotation of the hip, and, 
generally, rules out avulsion fractures of the pelvis and 
hip, which are typical injuries in adolescent athletes (an-
terior superior and inferior iliac spines, ischial tuberosity, 
and lesser trochanter) [6, 7, 48].

3. On radiographs of the hip joints at the early disease stage, 
naturally no signs of aseptic necrosis of the femoral head 
were found.
Thus, the interpretation of the situation as a consequence 

of muscle strain and the absence of exclusion of support on 
the affected limb in untreated symptoms of synovitis leads 
to the loss of time and development of joint contractures 
(external rotation and flexion), extrusion, and subluxation of 
the femoral head with subsequent occurrence of its gross 
deformity.

A transient inflammatory response of the joint in the ini-
tial phase of the development of the femoral head necrosis 
is typical. However, chronic, long-lasting inflammation, which 
is often noted in such cases, characterizes an aggressive dis-
ease course with signs of osteoarthritis and becomes a seri-
ous problem because it directly negatively affects the clinical 
presentation and disease outcomes [49]. In recent years, 
studies have reported more severe variants of osteonecro-
sis in patients with a history of COVID-19, particularly due to 
a difficult-to-control inflammatory process in the hip joint 
[50–53]. This necessitates the involvement of a rheumatolo-
gist and changing the nature of conservative drug therapy, 
including the use of bisphosphonates [49].

In gymnasts, an unfavorable factor, particularly 
contributing to the early development of subluxation in 
the hip joint with total or subtotal damage to the head, is 
also often the peculiarities of the anatomical development of 
the acetabulum and proximal femur, without which increasing 
the range of motion in the hip joint is impossible. This 
concerns borderline values of the degree of bone coverage of 
the femoral head (SCP 2/3 > 3/4 and Wiberg angle 18°–20°) 
[54, 55].

Considering the age of the patients, femoral head 
remodeling, which is typical for preschool children with 
aseptic necrosis and Perthes disease, is impossible because 

of limited growth potential. Accordingly, the prognosis of 
the disease, often called “late-onset Legg–Calvé–Perthes 
disease,” in patients aged >9 years will be poor [27, 28, 56].

Thus, the treatment of such patients poses a serious 
problem. Currently, no consensus has been made on this 
issue. Conservative treatment as monotherapy is possible 
only for small local lesions centrally located in the femoral 
head. Minimally invasive interventions often become 
ineffective in complex disease presentation and even more so 
if complications occur. In the late diagnostics and beginning of 
treatment of severe femoral head deformity, more extensive 
and traumatic interventions, including modeling resections 
of the femoral head to restore stability and congruence 
in the hip joint, must be used [44, 45, 57, 58]. Such intra-
articular interventions, particularly surgical hip dislocation 
according to Ganz, are not often performed in Russia, because 
of their complex technical features. In advanced cases, 
mainly with intractable symptoms of synovitis in the hip joint 
and disrupted orthopedic regimen, femoral head collapse 
and chondrolysis occur with symptoms of terminal stage 
coxarthrosis, which necessitates total hip arthroplasty as 
an extreme and compulsory treatment method in adolescents 
[14, 16, 21, 29]. Expectant management followed by organ 
replacement interventions conflicts with the currently 
accepted concept of organ-preserving orthopedic surgery in 
young patients [59–63]. With early disease diagnostics and 
treatment initiation in adolescents, conservative orthopedic 
measures or radical surgeries while reducing the number 
of organ replacement interventions, which in general can 
contribute toward improvement of the disease prognosis, is 
possible in some cases.

In our opinion, parents, coaches, and doctors must 
consider that a child who complains of pain should seek 
medical help. The concept of “overcoming pain” cannot 
dominate gymnastics and youth athletics. Coaches of young 
female gymnasts should be aware that femoral head necrosis 
is a serious disease, whose development is quite possible 
in this sport and can be provoked by aggressive extreme 
hip joint movements. A systematic approach to studying 
the etiology of hip joint pain in children (history taking and 
thorough clinical and radiographic examination) is necessary.

Early differential diagnostics of the causes of hip joint 
pain in gymnasts should exclude osteonecrosis of the femoral 
head. In the presence of pain and absence of significant 
radiograph changes in the hip joints, magnetic resonance 
imaging using a device with a magnetic field strength of at 
least 1.5 Tesla is recommended. The initial stages of aseptic 
bone necrosis can be detected only with magnetic resonance 
imaging as the most sensitive (71%–100%) and specific 
(94%–100%) diagnostic method in such cases [12, 20, 64, 65].

Measures to prevent osteonecrosis in gymnasts can 
include limiting loads accompanied by extreme positions of 
the hip, use of a correct technique for performing exercises, 
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sufficient time for recovery and prevention of overtraining, 
and using a combination of specific and general physical 
loads.

CONCLUSION
Professional rhythmic gymnastics can be considered 

a risk factor for osteonecrosis of the femoral head. In young 
female gymnasts, this disease is caused by excessive loads 
and repeated extreme positions of the femur at extreme 
points of the hip joint range of motion, causing occlusion of 
the main feeding vessels along the posterolateral surface of 
the femoral neck. Typical extreme positions are hyperextension 
with external rotation and extension with external rotation 
in hip abduction. The course of the osteonecrosis of 
the femoral head in adolescent gymnasts is characterized by 
the predominance of total and subtotal forms of damage and 
frequent head extrusion with subsequent severe deformity 
due to the specific anatomical structure of the hip joint.

Coaches and doctors must be aware of the existing 
problem. Issues related to optimizing treatment approaches 
for such patients also require further study.

ADDITIONAL INFORMATION
Funding source. The work was conducted within the State as-

signment of the Russian Ministry of Health.
Competing interests. The authors declare that they have no 

competing interests.
Author contributions. I.Yu. Pozdnikin formulated the aims 

and developed the research design, wrote the article, collected 
and analyzed the data, and analyzed the literature; P.I. Bortulev 
performed staged and final editing of the article text, collect-
ed  and  analyzed the data, and analyzed the literature; D.B. Bar­
sukov performed staged editing of the article text and collected 
the data.

All authors made significant contributions to the research and 
preparation of the article, and they read and approved the final ver-
sion before its publication.

REFERENCES
1. Samusenkov OI, Samusenkova EI, Bobrova DD. The importance 
of children’s sports, student sports and elite sports in Russia. Flag­
man of Science 2023;5(5):501–503. EDN: EIAOHC
2. Moreno-Agostino D, Daskalopoulou C, Wu YT, et al. The im-
pact of physical activity on healthy ageing trajectories: evidence 
from eight cohort studies. Int J Behav Nutr Phys Act. 2020;17(1):92.  
doi: 10.1186/s12966-020-00995-8
3. Kirizleeva VV, Pushkareva IN. The syndrome of «children’s 
early sports», accompanied by forced training in athletics. In: Cur­
rent problems of science and education: materials of the Inter­
national Forum dedicated to the 300th anniversary of the Rus­
sian Academy of Sciences, Ekaterinburg, December 12–13, 2022. 
Part 2. Ekaterinburg: Ural State Pedagogical University, 2023.  
EDN: SCNEIE
4. Bell DR, DiStefano L, Pandya NK, et al. The public health conse-
quences of sport specialization. J Athl Train. 2019;54(10):1013–1020. 
doi: 10.4085/1062-6050-521-18
5. Smucny M, Parikh SN, Pandya NK. Consequences of single sport 
specialization in the pediatric and adolescent athlete. Orthop Clin 
North Am. 2015;46(2):249–258. doi: 10.1016/j.ocl.2014.11.004
6. Caine D, DiFiori J, Maffulli N. Physeal injuries in chil-
dren’s and youth sports: reasons for concern? Br J Sports Med. 
2006;40(9):749–760. doi: 10.1136/bjsm.2005.017822
7. Hawkins D, Metheny J. Overuse injuries in youth sports: biome-
chanical considerations. Med Sci Sports Exerc. 2001;33(10):1701–1707. 
doi: 10.1097/00005768-200110000-00014
8. Arhipova YuA, Veselkina TE, Radovickaya EV, et al. Some provok-
ing factors for the occurrence of sports injuries in rhythmic gymnas-
tics. Scientific notes of the University. P.F. Lesgafta. 2023;8(222):21–26. 
EDN: BDNOTG doi: 10.34835/issn.2308-1961.2023.08.p21-26
9. Di Maria F, Testa G, Sammartino F, et al. Treatment of avulsion 
fractures of the pelvis in adolescent athletes: a scoping literature 
review. Front Pediatr. 2022;10. doi: 10.3389/fped.2022.947463

10. Williams E, Lloyd R, Moeskops S, et al. Injury pathology in young 
gymnasts: a retrospective analysis. Children (Basel). 2023;10(2):303. 
doi: 10.3390/children10020303
11. Hart E, Meehan WP 3rd, Bae DS, et al. The young injured 
gymnast: a literature review and discussion. Curr Sports Med Rep. 
2018;17(11):366–375. doi: 10.1249/JSR.0000000000000536
12. Torgashin AN, Rodionova SS, SHumskij AA, et al. Treatment of 
aseptic necrosis of the femoral head. Clinical guidelines. Rheuma­
tology Science and Practice. 2020;58(6):637–645. EDN:  EWKHOY 
doi: 10.47360/1995-4484-2020-637-645 
13. Blümel S, Leunig M, Manner H, et al. Avascular femoral head necro-
sis in young gymnasts: a pursuit of aetiology and management. Bone Jt 
Open. 2022;3(9):666–673. doi: 10.1302/2633-1462.39.BJO-2022-0100.R1
14. Tihilov RM, Shubnyakov II, Myasoedov AA, et al. Compari-
son of different core decompression techniques for treatment 
of early stages of osteonecrosis of the femoral head. Traumatol­
ogy and Orthopedics of Russia. 2016;56(3):637–645. EDN:  WYPMTH  
doi: 10.21823/2311-2905-2016-22-3-7-21
15. Odarchenko DI, Dzyuba GG, Erofeev SA, et al. Problems of di-
agnosis and treatment of aseptic necrosis of the femoral head 
in contemporary traumatology and orthopedics (literature re-
view). Orthopaedic Genius. 2021;27(2):270–276. EDN:  VQSUJQ  
doi: 10.18019/1028-4427-2021-27-2-270-276
16. Migliorini F, Maffulli N, Baroncini A, et al. Failure and progres-
sion to total hip arthroplasty among the treatments for femoral 
head osteonecrosis: a Bayesian network meta-analysis. Br Med Bull. 
2021;138(1):112–125. doi: 10.1093/bmb/ldab006
17. Hines JT, Jo WL, Cui Q, et al. Osteonecrosis of the femoral head: 
an updated review of ARCO on pathogenesis, staging and treatment. 
J Korean Med Sci. 2021;36(24):e177. doi:  10.3346/jkms.2021.36.e177
18. Min BW, Song KS, Cho CH, et al. Untreated asymptomatic hips 
in patients with osteonecrosis of the femoral head. Clin Orthop Relat 
Res. 2008;466:1087–1092. doi: 10.1007/s11999-008-0191-x

https://elibrary.ru/eiaohc
https://doi.org/10.1186/s12966-020-00995-8
https://elibrary.ru/scneie
https://doi.org/10.4085/1062-6050-521-18
https://doi.org/10.1016/j.ocl.2014.11.004
https://doi.org/10.1136/bjsm.2005.017822
https://doi.org/10.1097/00005768-200110000-00014
https://elibrary.ru/bdnotg
https://doi.org/10.34835/issn.2308-1961.2023.08.p21-26
https://doi.org/10.3389/fped.2022.947463
https://doi.org/10.3390/children10020303
https://doi.org/10.1249/JSR.0000000000000536
https://elibrary.ru/ewkhoy
https://doi.org/10.47360/1995-4484-2020-637-645
https://doi.org/10.1302/2633-1462.39.BJO-2022-0100.R1
https://elibrary.ru/wypmth
https://doi.org/10.21823/2311-2905-2016-22-3-7-21
https://elibrary.ru/vqsujq
https://doi.org/10.18019/1028-4427-2021-27-2-270-276
https://doi.org/10.1093/bmb/ldab006
https://doi.org/10.3346/jkms.2021.36.e177
https://doi.org/10.1007/s11999-008-0191-x


DOi: https://doi.org/10.17816/PTOrS625549

133

  Pediatric Traumatology, Orthopaedics 
ScienTific reviewS vol. 12 (1) 2024 and reconstructive Surgery

19. Cooper C, Steinbuch M, Stevenson R, et al. The epidemiology of 
osteonecrosis: findings from the GPRD and THIN databases in the 
UK. Osteoporos Int. 2010;21:569–577. doi: 10.1007/s00198-009-1003-1
20. Calder JD, Hine AL, Pearse MF, et al. The relationship be-
tween osteonecrosis of the proximal femur identified by MRI and 
lesions proven by histological examination. J Bone Joint Surg Br. 
2008;90(2):154–158. doi: 10.1302/0301-620X.90B2.19593
21. Tikhilov RM, Shubnyakov II, Kovalenko AN, et al. Guide to surgery 
of the hip joint. Vol. 1. Saint Petersburg: RNIITO im. R.R. Vredena; 2014. 
(In Russ.) EDN: TMKDDR
22. Radl R, Hungerford M, Materna W, Rehak P, et al. Higher fail-
ure rate and stem migration of an uncemented femoral com-
ponent in patients with femoral head osteonecrosis than in 
patients with osteoarthrosis. Acta Orthop. 2005;76(1):49–55.  
doi: 10.1080/00016470510030319
23. Luke A, Lazaro RM, Bergeron MF, et al. Sportsrelated injuries 
in youth athletes: is overscheduling a risk factor? Clin J Sport Med. 
2011;21(4):307–314. doi: 10.1097/JSM.0b013e3182218f71
24. Rose MS, Emery CA, Meeuwisse WH. Sociodemographic 
predictors of sport injury in adolescents. Med Sci Sports Exerc. 
2008;40(3):444–50. doi: 10.1249/MSS.0b013e31815ce61a
25. Murray RO, Duncan C. Athletic activity in adolescence as an 
etiological factor in degenerative hip disease. J Bone Joint Surg Br. 
1971;53(3):406–419.
26. Nepple JJ, Vigdorchik JM, Clohisy JC. What Is the association be-
tween sports participation and the development of proximal femoral 
cam deformity? A systematic review and meta-analysis. Am J Sports 
Med. 2015;43(11):2833–2840. doi: 10.1177/0363546514563909
27. Rosenfeld SB, Herring JA, Chao JC. Legg-Calve-Perthes disease: 
a review of cases with onset before six years of age. J Bone Joint 
Surg Am. 2007;89(12):2712–2722. doi: 10.2106/JBJS.G.00191
28. Mazda K, Pennecot GF, Zeller R, et al. Perthes’ disease after 
the age of twelve years. Role of the remaining growth. J Bone Joint 
Surg Br. 1999;81:696–698.
29. Zhi X, Wu H, Xiang C, et al. Incidence of total hip arthroplasty in 
patients with Legg-Calve-Perthes disease after conservative or sur-
gical treatment: a meta-analysis. Int Orthop. 2023;47(6):1449–1464. 
doi: 10.1007/s00264-023-05770-5
30. Ezhov IYu, Ezhov YuI. Post-traumatic aseptic necrosis of the fem-
oral head. Traumatology and Orthopedics of Russia. 1996;(1):22–25. 
(In Russ.)
31. Singh M, Singh B, Sharma K, et al. A molecular troika of angio-
genesis, coagulopathy and endothelial dysfunction in the pathology 
of avascular necrosis of femoral head: a comprehensive review. Cells. 
2023;12(18):2278. doi: 10.3390/cells12182278
32. Shabaldin NA, Shabaldin AV. Molecular foundations of the eti-
ology and pathogenesis of Legg-Calve-Perthes disease and pros-
pects for targeted therapy: a literature review. Pediatric Traumato­
logy, Orthopaedics and Reconstructive Surgery. 2022;10(3):295–307. 
EDN: VFUCXQ doi: 10.17816/PTORS101679
33. Kealey WD, Mayne EE, McDonald W, et al. The role of coagula-
tion abnormalities in the development of Perthes’ disease. J Bone 
Joint Surg Br. 2000;82(5):744–746. doi: 10.1302/0301-620x.82b5.10183
34. Murray RO, Duncan C. Athletic activity in adolescence as an 
etiological factor in degenerative hip disease. J Bone Joint Surg Br. 
1971;53(3):406–419.

35. McNitt-Gray JL, Hester DM, Mathiyakom W, et al. Mechanical 
demand and multijoint control during landing depend on orienta-
tion of the body segments relative to the reaction force. J Biomech. 
2001;34:1471–1482. doi: 10.1016/s0021-9290(01)00110-5
36. Nduaguba AM, Sankar WN. Osteonecrosis in adolescent girls in-
volved in high-impact activities: could repetitive microtrauma be the 
cause?: a report of three cases. JBJS Case Connect. 2014;4(2):e35. 
doi: 10.2106/JBJS.CC.M.00273
37. Larson AN, Kim HK, Herring JA. Female patients with late-on-
set Legg-Calve-Perthes disease are frequently gymnasts: is there 
a mechanical etiology for this subset of patients? J Pediatr Orthop. 
2013;33(8):811–815. doi: 10.1097/BPO.0000000000000096
38. Assouline-Dayan Y, Chang C, Greenspan A, et al. Pathogen-
esis and natural history of osteonecrosis. Semin Arthritis Rheum. 
2002;32(2):94–124.
39. Mihara K, Hirano T. Standing is a causative factor in osteo-
necrosis of the femoral head in growing rats. J Pediatr Orthop. 
1998;18(5):665–669. doi: 10.1097/00004694-199809000-00022
40. Yoshida G, Hirano T, Shindo H. Deformation and vascular oc-
clusion of the growing rat femoral head induced by mechanical 
stress. J Orthop Sci. 2000;5(5):495–502. doi: 10.1007/s007760070029
41. Zhang JF, Yang CJ, Wu T, et al. A two-degree-of-freedom hip 
exoskeleton device for an immature animal model of exercise-
induced Legg-Calve-Perthes disease. Proc Inst Mech Eng H. 
2009;223(8):1059–1068. doi: 10.1243/09544119JEIM597
42. Salter RB. The effects of continuous compression on living ar-
ticular cartilage an experimental investigation. J Bone Joint Surg Am. 
1960;42(1):31–90.
43. Georgiadis AG, Seeley MA, Yellin JL, et al. The presenta-
tion of Legg-Calvé-Perthes disease in females. J Child Orthop. 
2015;9(4):243–247. doi: 10.1007/s11832-015-0671-y
44. Nötzli HP, Siebenrock KA, Hempfing A, et al. Perfusion of the 
femoral head during surgical dislocation of the hip. Monitoring by 
laser Doppler flowmetry. J Bone Joint Surg Br. 2002;84(2):300–304. 
doi: 10.1302/0301-620x.84b2.12146
45. Ganz R, Huff TW, Leunig M. Extended retinacular soft-tissue flap 
for intra-articular hip surgery: surgical technique, indications, and 
results of application. Instr Course Lect. 2009;58:241–255.
46. Luthra JS, Al-Habsi S, Al-Ghanami S, et al. Understanding painful 
hip in young adults: a review article. Hip Pelvis. 2019;31(3):129–135. 
doi: 10.5371/hp.2019.31.3.129
47. Hölmich P. Long-standing groin pain in sportspeople falls into three 
primary patterns, a “clinical entity” approach: a prospective study of 207 pa-
tients. Br J Sports Med. 2007;41(4):247–252. doi: 10.1136/bjsm.2006.033373
48. Rossi F, Dragoni S. Acute avulsion fractures of the pelvis in ado-
lescent competitive athletes: prevalence, location and sports distri-
bution of 203 cases collected. Skeletal Radiol. 2001;30(3):127–131. 
doi: 10.1007/s002560000319
49. Kozhevnikov AN, Barsukov DB, Gubaeva AR. Legg–Calvé–Perthes 
disease presenting with osteoarthritis: Mechanisms of the develop-
ment and prospects of conservative therapy using bisphosphonates. 
Pediatric Traumatology, Orthopaedics and Reconstructive Surgery. 
2023;11(3):405–416. doi: 10.17816/PTORS456498
50. Giraudo C, Fichera G, Pilati L, et al. COVID-19 muscu-
loskeletal involvement in children. Front Pediatr. 2023;11.  
doi: 10.3389/fped.2023.1200877

https://doi.org/10.1007/s00198-009-1003-1
https://doi.org/10.1302/0301-620X.90B2.19593
https://elibrary.ru/tmkddr
https://doi.org/10.1080/00016470510030319
https://doi.org/10.1097/JSM.0b013e3182218f71
https://doi.org/10.1249/MSS.0b013e31815ce61a
https://doi.org/10.1177/0363546514563909
https://doi.org/10.2106/JBJS.G.00191
https://doi.org/10.1007/s00264-023-05770-5
https://doi.org/10.3390/cells12182278
https://elibrary.ru/vfucxq
https://doi.org/10.17816/PTORS101679
https://doi.org/10.1302/0301-620x.82b5.10183
https://doi.org/10.1016/s0021-9290(01)00110-5
https://doi.org/10.2106/JBJS.CC.M.00273
https://doi.org/10.1097/BPO.0000000000000096
https://doi.org/10.1097/00004694-199809000-00022
https://doi.org/10.1007/s007760070029
https://doi.org/10.1243/09544119JEIM597
https://doi.org/10.1007/s11832-015-0671-y
https://doi.org/10.1302/0301-620x.84b2.12146
https://doi.org/10.5371/hp.2019.31.3.129
https://doi.org/10.1136/bjsm.2006.033373
https://doi.org/10.1007/s002560000319
https://doi.org/10.17816/PTORS456498
https://doi.org/10.3389/fped.2023.1200877


DOi: https://doi.org/10.17816/PTOrS625549

134

  Ортопедия, травматология  
НаучНые ОбзОры Том 12, № 1, 2024 и восстановительная хирургия детского возраста

51. Bashkova IB, Madyanov IV, Mihajlov AS. Osteonecrosis of the 
femoral head induced by a new coronavirus infection. Russian Medi­
cal Journal. 2022;(6):71–74. EDN: OORKNI
52. Hassan AAA, Khalifa AA. Femoral head avascular necro-
sis in COVID-19 survivors: a systematic review. Rheumatol Int. 
2023;43(9):1583–1595. doi: 10.1007/s00296-023-05373-8
53. Assad SK, Sabah M, Kakamad FH, et al. Avascular necro-
sis of femoral head following COVID-19 infection. Ann Med Surg 
(Lond). 2023;85(9):4206–4210. doi:  10.1097/MS9.0000000000001098
54. Weber AE, Bedi A, Tibor LM, et al. The hyperflexible hip: managing 
hip pain in the dancer and gymnast. Sports Health. 2015;7(4):346–358. 
doi: 10.1177/1941738114532431
55. Papavasiliou A, Siatras T, Bintoudi A, et al. The gymnasts’ hip and groin: 
a magnetic resonance imaging study in asymptomatic elite athletes. 
Skeletal Radiol. 2014;43(8):1071–1077. doi: 10.1007/s00256-014-1885-7
56. Grieser T. Atraumatische und aseptische Osteonekrose 
großer Gelenke. Der Radiologe. 2019;59(7):647–662. (In Ger.)  
doi: 10.1007/s00117-019-0560-3
57. Ganz R, Gill TJ, Gautier E, et al. Surgical dislocation of the adult 
hip a technique with full access to the femoral head and acetabu-
lum without the risk of avascular necrosis. J Bone Joint Surg Br. 
2001;83(8):1119–1124. doi: 10.1302/0301-620x.83b8.11964
58. Paley D. The treatment of femoral head deformity and coxa mag-
na by the Ganz femoral head reduction osteotomy. Orthop Clin North 
Am. 2011;42(3):389–399. doi: 10.1016/j.ocl.2011.04.006

59. Shannon BD, Trousdale RT. Femoral osteotomies for avascular 
necrosis of the femoral head. Clin Orthop Relat Res. 2004;(418):34–40. 
doi: 10.1097/00003086-200401000-00007
60. Sodhi N., Acuna A., Etcheson J. Management of osteo-
necrosis of the femoral head: an up-to-date analysis of op-
erative trends. Bone Joint Lett J. 2020;102(7 Suppl B):122–128. 
doi: 10.1302/0301-620X.102B7.BJJ-2019-1611.R1
61. Xie H, Wang B, Tian S, et al. D. Retrospective long-term fol-
low-up survival analysis of the management of osteonecrosis of 
the femoral head with pedicled vascularized iliac bone graft transfer. 
J Arthroplasty. 2019;34(8):1585–1592. doi:  10.1016/j.arth.2019.03.069
62. Cheng Q, Zhao FC, Xu SZ, et al. Modified trapdoor procedures 
using autogenous tricortical iliac graft without preserving the broken 
cartilage for treatment of osteonecrosis of the femoral head: a pro-
spective cohort study with historical controls. J Orthop Surg Res. 
2020;15(1):1–8. doi: 10.1186/s13018-020-01691-w
63. Calori GM, Mazza E, Colombo A, et al. Core decompression and bio-
technologies in the treatment of avascular necrosis of the femoral head. 
EFORT Open Rev. 2017;2(2):41–50. doi:  10.1302/2058-5241.2.150006
64. Sautina OP, Hazov PD. MRI-diagnostics early stage aseptic ne-
crosis of the heads of the thighbone. I.P. Pavlov Russian Medical Bio­
logical Herald. 2008;(1):50–56. (In Russ.)
65. Glickstein MF, Burk DL, Schiebler ML, et al. Avascular necrosis 
versus other diseases of the hip: sensitivity of MR imaging. Radiology. 
1988;169(1):213–215. doi: 10.1148/radiology.169.1.3420260

СПИСОК ЛИТЕРАТУРЫ
1. Самусенков О.И., Самусенкова Е.И., Боброва Д.Д. Значение 
детского спорта, студенческого спорта и спорта высших до-
стижений в России // Флагман науки. 2023. № 5(5). С. 501–503. 
EDN: EIAOHC
2. Moreno-Agostino D., Daskalopoulou C., Wu Y.T., et al. The impact 
of physical activity on healthy ageing trajectories: evidence from eight 
cohort studies // Int J Behav Nutr Phys Act. 2020. Vol. 17, N. 1. P. 92. 
doi: 10.1186/s12966-020-00995-8
3. Киризлеева В.В., Пушкарева И.Н. Синдром «детского раннего 
спорта», сопровождающийся форсированной подготовкой в лег-
кой атлетике // Актуальные проблемы науки и образования: ма-
териалы Международного форума, посвященного 300-летию Рос-
сийской академии наук, Екатеринбург, 12–13 декабря 2022 года. 
Ч. 2. Екатеринбург: Уральский государственный педагогический 
университет, 2023. С. 46–52. EDN: SCNEIE
4. Bell D.R., DiStefano L., Pandya N.K., et al. The public health con-
sequences of sport specialization // J Athl Train. 2019. Vol. 54, N. 10. 
P. 1013–1020. doi: 10.4085/1062-6050-521-18
5. Smucny M., Parikh S.N., Pandya N.K. Consequences of 
single sport specialization in the pediatric and adolescent ath-
lete // Orthop Clin North Am. 2015. Vol.  46, N.  2. P.  249–258.  
doi: 10.1016/j.ocl.2014.11.004
6. Caine D., Di Fiori J., Maffulli N. Physeal injuries in children’s and 
youth sports: reasons for concern? // Br J Sports Med. 2006. Vol. 40, 
N. 9. P. 749–760. doi: 10.1136/bjsm.2005.017822
7. Hawkins D., Metheny J. Overuse injuries in youth sports: biome-
chanical considerations // Med Sci Sports Exerc. 2001. Vol. 33, N. 10. 
P. 1701–1707. doi: 10.1097/00005768-200110000-00014

8. Архипова Ю.А., Веселкина Т.Е., Радовицкая Е.В., и др. Не-
которые провоцирующие факторы возникновения спортивных 
травм в художественной гимнастике // Ученые записки универ-
ситета им. П.Ф. Лесгафта. 2023. № 8(222). C. 21–26. EDN: BDNOTG 
doi: 10.34835/issn.2308-1961.2023.08.p21-26
9. Di Maria F., Testa G., Sammartino F., et al. Treatment of avulsion 
fractures of the pelvis in adolescent athletes: a scoping literature 
review // Front Pediatr. 2022. Vol. 10. doi: 10.3389/fped.2022.947463
10. Williams E., Lloyd R., Moeskops S., et al. Injury pathology in 
young gymnasts: a retrospective analysis // Children (Basel). 2023. 
Vol. 10, N. 2. P. 303. doi: 10.3390/children10020303
11. Hart E., Meehan W.P. 3rd, Bae D.S., et al. The young injured gym-
nast: a literature review and discussion // Curr Sports Med Rep. 2018. 
Vol. 17, N. 11. P. 366–375. doi: 10.1249/JSR.0000000000000536
12. Торгашин А.Н, Родионова С.С., Шумский А.А., и др. Ле-
чение асептического некроза головки бедренной кости. 
Клинические рекомендации // Научно-практическая рев-
матология. 2020. Т.  58, №  6. С.  637–645. EDN:  EWKHOY  
doi: 10.47360/1995-4484-2020-637-645
13. Blümel S., Leunig M., Manner H., et al. Avascular femo-
ral head necrosis in young gymnasts: a pursuit of aetiology and 
management  // Bone Jt Open. 2022. Vol.  3, N.  9. P.  666–673.  
doi: 10.1302/2633-1462.39.BJO-2022-0100.R1
14. Тихилов Р.М., Шубняков И.И., Мясоедов А.А., и др. Сравни-
тельная характеристика результатов лечения ранних стадий 
остеонекроза головки бедренной кости различными методами 
декомпрессии // Травматология и ортопедия России. 2016. Т. 22, 
№ 3. EDN: WYPMTH doi: 10.21823/2311-2905-2016-22-3-7-21

https://elibrary.ru/oorkni
https://doi.org/10.1007/s00296-023-05373-8
https://doi.org/10.1097/MS9.0000000000001098
https://doi.org/10.1177/1941738114532431
https://doi.org/10.1007/s00256-014-1885-7
https://doi.org/10.1007/s00117-019-0560-3
https://doi.org/10.1302/0301-620x.83b8.11964
https://doi.org/10.1016/j.ocl.2011.04.006
https://doi.org/10.1097/00003086-200401000-00007
https://doi.org/10.1302/0301-620X.102B7.BJJ-2019-1611.R1
https://doi.org/10.1016/j.arth.2019.03.069
https://doi.org/10.1186/s13018-020-01691-w
https://doi.org/10.1302/2058-5241.2.150006
https://doi.org/10.1148/radiology.169.1.3420260
https://elibrary.ru/eiaohc
https://doi.org/10.1186/s12966-020-00995-8
https://elibrary.ru/scneie
https://doi.org/10.4085/1062-6050-521-18
https://doi.org/10.1016/j.ocl.2014.11.004
https://doi.org/10.1136/bjsm.2005.017822
https://doi.org/10.1097/00005768-200110000-00014
https://elibrary.ru/bdnotg
https://doi.org/10.34835/issn.2308-1961.2023.08.p21-26
https://doi.org/10.3389/fped.2022.947463
https://doi.org/10.3390/children10020303
https://doi.org/10.1249/JSR.0000000000000536
https://elibrary.ru/ewkhoy
https://doi.org/10.47360/1995-4484-2020-637-645
https://doi.org/10.1302/2633-1462.39.BJO-2022-0100.R1
https://elibrary.ru/wypmth
https://doi.org/10.21823/2311-2905-2016-22-3-7-21


DOi: https://doi.org/10.17816/PTOrS625549

135

  Pediatric Traumatology, Orthopaedics 
ScienTific reviewS vol. 12 (1) 2024 and reconstructive Surgery

15. Одарченко Д.И., Дзюба Г.Г., Ерофеев С.А., и др. Проблемы ди-
агностики и лечения асептического некроза головки бедренной 
кости в современной травматологии и ортопедии (обзор литера-
туры) // Гений ортопедии. 2021. Т. 27, № 2. C. 270–276. EDN: VQSUJQ 
doi: 10.18019/1028-4427-2021-27-2-270-276
16. Migliorini F., Maffulli N., Baroncini A., et al. Failure and progres-
sion to total hip arthroplasty among the treatments for femoral head 
osteonecrosis: a Bayesian network meta-analysis // Br Med Bull. 
2021. Vol. 138, N. 1. P.112–125. doi: 10.1093/bmb/ldab006
17. Hines J.T., Jo W.L., Cui Q., et al. Osteonecrosis of the femo-
ral head: an updated review of arco on pathogenesis,  staging 
and treatment // J Korean Med Sci. 2021. Vol.  36, N.  24.  
doi: 10.3346/jkms.2021.36.e177
18. Min B.W., Song K.S., Cho C.H., et al. Untreated asymp-
tomatic hips in patients with osteonecrosis of the femoral 
head // Clin Orthop Relat Res. 2008. Vol.  466. P.  1087–1092.  
doi: 10.1007/s11999-008-0191-x
19. Cooper C., Steinbuch M., Stevenson R., et al. The epidemiol-
ogy of osteonecrosis: findings from the GPRD and THIN data-
bases in the  UK // Osteoporos Int. 2010. Vol.  21, N.  4. P.  569–577.  
doi: 10.1007/s00198-009-1003-1
20. Calder J.D., Hine A.L., Pearse M.F., et al. The relationship between 
osteonecrosis of the proximal femur identified by MRI and lesions 
proven by histological examination // J Bone Joint Surg Br. 2008. 
Vol. 90, N. 2. P. 154–158. doi: 10.1302/0301-620X.90B2.19593
21. Тихилов Р.М., Шубняков И.И., Коваленко А.Н., и др. Руковод-
ство по хирургии тазобедренного сустава. Т. 1. Санкт-Петербург: 
РНИИТО им. Р.Р. Вредена, 2014. EDN: TMKDDR
22. Radl R., Hungerford M., Materna W., et al. Higher failure 
rate and stem migration of an uncemented femoral compo-
nent in patients with femoral head osteonecrosis than in patients 
with osteoarthrosis // Acta Orthop. 2005. Vol.  76, N.  1. P.  49–55. 
doi: 10.1080/00016470510030319
23. Luke A., Lazaro R.M., Bergeron M.F., et al. Sportsrelated injuries 
in youth athletes: is overscheduling a risk factor? // Clin J Sport Med. 
2011. Vol. 21, N. 4. P. 307–314. doi: 10.1097/JSM.0b013e3182218f71
24. Rose M.S., Emery C.A., Meeuwisse W.H. Sociodemographic pre-
dictors of sport injury in adolescents // Med Sci Sports Exerc. 2008. 
Vol. 40, N. 3. P. 444–450. doi: 10.1249/MSS.0b013e31815ce61a
25. Murray R.O., Duncan C. Athletic activity in adolescence as an 
etiological factor in degenerative hip disease // J Bone Joint Surg Br. 
1971. Vol. 53, N. 3. P. 406–419.
26. Nepple J.J., Vigdorchik J.M., Clohisy J.C. What is the as-
sociation between sports participation and the development of 
proximal femoral cam deformity? A systematic review and meta-
analysis // Am J Sports Med. 2015. Vol.  43, N.  11. P.  2833–2840. 
doi: 10.1177/0363546514563909
27. Rosenfeld S.B., Herring J.A., Chao J.C. Legg-Calve-Perthes 
disease: a review of cases with onset before six years of 
age  // J  Bone Joint Surg Am. 2007. Vol.  89, N.  12. P.  2712–2722.  
doi: 10.2106/JBJS.G.00191
28. Mazda K., Pennecot G.F., Zeller R., et al. Perthes’ disease after 
the age of twelve years. Role of the remaining growth // J Bone Joint 
Surg Br. 1999. Vol 81. P. 696–698.
29. Zhi X., Wu H., Xiang C., et al. Incidence of total hip arthroplasty 
in patients with Legg-Calve-Perthes disease after conservative or 

surgical treatment: a meta-analysis // Int Orthop. 2023. Vol. 47, N. 6. 
P. 1449–1464. doi: 10.1007/s00264-023-05770-5
30. Ежов И.Ю. Ежов Ю.И. Посттравматический асептический не-
кроз головки бедренной кости // Травматология и ортопедия 
России. 1996. № 1. С. 22–25.
31. Singh M., Singh B., Sharma K., et al. A molecular troika of angio-
genesis, coagulopathy and endothelial dysfunction in the pathology of 
avascular necrosis of femoral head: a comprehensive review // Cells. 
2023. Vol. 12, N. 18. P. 2278. doi: 10.3390/cells12182278
32. Шабалдин Н.А., Шабалдин А.В. Молекулярные основы этио-
логии и патогенеза болезни Легга – Кальве – Пертеса и пер-
спективы таргетной терапии (обзор литературы) // Ортопедия, 
травматология и восстановительная хирургия детского возраста. 
2022. Т. 10, № 3. C. 295–307. EDN: VFUCXQ doi: 10.17816/PTORS101679
33. Kealey W.D., Mayne E.E., McDonald W., et al. The role of co-
agulation abnormalities in the development of Perthes’ dis-
ease // J Bone Joint Surg Br. 2000. Vol.  82, N.  5. P.  744–746.  
doi: 10.1302/0301-620x.82b5.10183
34. Murray R.O., Duncan C. Athletic activity in adolescence as an 
etiological factor in degenerative hip disease // J Bone Joint Surg Br. 
1971. Vol. 53, N. 3. P. 406–419.
35. McNitt-Gray J.L., Hester D.M., Mathiyakom W., et al. Mechanical 
demand and multijoint control during landing depend on orientation 
of the body segments relative to the reaction force // J Biomech. 
2001. Vol. 34, N. 11. P. 1471–1482. doi: 10.1016/s0021-9290(01)00110-5
36. Nduaguba A.M., Sankar W.N. Osteonecrosis in adolescent girls 
involved in high-impact activities: could repetitive microtrauma be the 
cause?: a report of three cases // JBJS Case Connect. 2014. Vol. 4, 
N. 2. P. e35. doi: 10.2106/JBJS.CC.M.00273
37. Larson A.N., Kim H.K., Herring J.A. Female patients with late-
onset Legg-Calve-Perthes disease are frequently gymnasts: is there 
a mechanical etiology for this subset of patients? // J Pediatr Orthop. 
2013. Vol. 33, N. 8. P. 811–815. doi: 10.1097/BPO.0000000000000096
38. Assouline-Dayan Y., Chang C., Greenspan A., et al. Pathogenesis 
and natural history of osteonecrosis // Semin Arthritis Rheum. 2002. 
Vol. 32, N. 2. P. 94–124.
39. Mihara K., Hirano T. Standing is a causative factor in osteone-
crosis of the femoral head in growing rats // J Pediatr Orthop. 1998. 
Vol.  18, N.  5. P.  665–669. doi:  10.1097/00004694-199809000-00022
40. Yoshida G., Hirano T., Shindo H. Deformation and vascular occlu-
sion of the growing rat femoral head induced by mechanical stress // 
J Orthop Sci. 2000. Vol. 5, N. 5. P. 495–502. doi: 10.1007/s007760070029
41. Zhang J.F., Yang C.J., Wu T., et al. A two-degree-of-freedom 
hip exoskeleton device for an immature animal model of exercise-
induced Legg-Calve-Perthes disease // Proc Inst Mech Eng H. 2009. 
Vol. 223, N. 8. P. 1059–1068. doi: 10.1243/09544119JEIM597
42. Salter R.B. The effects of continuous compression on living ar-
ticular cartilage an experimental investigation // J Bone Joint Surg 
Am. 1960. Vol. 42, N. 1. P. 31–90.
43. Georgiadis A.G., Seeley M.A., Yellin J.L., et al. The presentation of 
Legg-Calvé-Perthes disease in females // J Child Orthop. 2015. Vol. 9, 
N. 4. P. 243–247. doi: 10.1007/s11832-015-0671-y
44. Nötzli H.P., Siebenrock K.A., Hempfing A., et al. Perfusion of the 
femoral head during surgical dislocation of the hip. Monitoring by 
laser Doppler flowmetry // J Bone Joint Surg Br. 2002. Vol. 84, N. 2. 
P. 300–304. doi: 10.1302/0301-620x.84b2.12146

https://elibrary.ru/vqsujq
https://doi.org/10.18019/1028-4427-2021-27-2-270-276
https://doi.org/10.1093/bmb/ldab006
https://doi.org/10.3346/jkms.2021.36.e177
https://doi.org/10.1007/s11999-008-0191-x
https://doi.org/10.1007/s00198-009-1003-1
https://doi.org/10.1302/0301-620X.90B2.19593
https://elibrary.ru/tmkddr
https://doi.org/10.1080/00016470510030319
https://doi.org/10.1097/JSM.0b013e3182218f71
https://doi.org/10.1249/MSS.0b013e31815ce61a
https://doi.org/10.1177/0363546514563909
https://doi.org/10.2106/JBJS.G.00191
https://doi.org/10.1007/s00264-023-05770-5
https://doi.org/10.3390/cells12182278
https://elibrary.ru/vfucxq
https://doi.org/10.17816/PTORS101679
https://doi.org/10.1302/0301-620x.82b5.10183
https://doi.org/10.1016/s0021-9290(01)00110-5
https://doi.org/10.2106/JBJS.CC.M.00273
https://doi.org/10.1097/BPO.0000000000000096
https://doi.org/10.1097/00004694-199809000-00022
https://doi.org/10.1007/s007760070029
https://doi.org/10.1243/09544119JEIM597
https://doi.org/10.1007/s11832-015-0671-y
https://doi.org/10.1302/0301-620x.84b2.12146


DOi: https://doi.org/10.17816/PTOrS625549

136

  Ортопедия, травматология  
НаучНые ОбзОры Том 12, № 1, 2024 и восстановительная хирургия детского возраста

45. Ganz R., Huff T.W., Leunig M. Extended retinacular soft-tissue flap 
for intra-articular hip surgery: surgical technique, indications, and 
results of application // Instr Course Lect. 2009. Vol. 58. P. 241–255.
46. Luthra J.S., Al-Habsi S., Al-Ghanami S., et al. Understanding 
painful hip in young adults: a review article // Hip Pelvis. 2019. Vol. 31, 
N. 3. P. 129–135. doi: 10.5371/hp.2019.31.3.129
47. Hölmich P. Long-standing groin pain in sportspeople falls into 
three primary patterns, a “clinical entity” approach: a prospec-
tive study of 207 patients // Br J Sports Med. 2007. Vol. 41, N. 4. 
P. 247–252. doi: 10.1136/bjsm.2006.033373
48. Rossi F., Dragoni S. Acute avulsion fractures of the pelvis in ado-
lescent competitive athletes: prevalence, location and sports distri-
bution of 203 cases collected // Skeletal Radiol. 2001. Vol. 30, N. 3. 
P. 127–131. doi: 10.1007/s002560000319
49. Кожевников А.Н., Барсуков Д.Б., Губаева А.Р. Болезнь Лег-
га – Кальве – Пертеса, протекающая с признаками остеоартрита: 
механизмы возникновения и перспективы консервативной тера-
пии с применением бисфосфонатов // Ортопедия, травматология 
и восстановительная хирургия детского возраста. 2023. Т. 11, № 3. 
C. 405–416. doi: 10.17816/PTORS456498
50. Giraudo C., Fichera G., Pilati L., et al. COVID-19 musculo-
skeletal involvement in children // Front Pediatr. 2023. Vol.  11.  
doi: 10.3389/fped.2023.1200877
51. Башкова И.Б., Мадянов И.В., Михайлов А.С. Остеонекроз го-
ловки бедренной кости, индуцированный новой коронавирусной 
инфекцией // Русский медицинский журнал. 2022. № 6. С. 71–74. 
EDN: OORKNI
52. Hassan A.A.A., Khalifa A.A. Femoral head avascular necrosis 
in COVID-19 survivors: a systematic review // Rheumatol Int. 2023. 
Vol. 43, N. 9. P. 1583–1595. doi: 10.1007/s00296-023-05373-8
53. Assad S.K., Sabah M., Kakamad F.H., et al. Avascular necrosis of 
femoral head following COVID-19 infection // Ann Med Surg (Lond). 
2023. Vol. 85, N. 9. P. 4206–4210. doi: 10.1097/MS9.0000000000001098
54. Weber A.E., Bedi A., Tibor L.M., et al. The hyperflexible hip: man-
aging hip pain in the dancer and gymnast // Sports Health. 2015. 
Vol. 7, N. 4. P. 346–358. doi: 10.1177/1941738114532431
55. Papavasiliou A., Siatras T., Bintoudi A., et al. The gymnasts’ 
hip and groin: a magnetic resonance imaging study in asymptom-

atic elite athletes // Skeletal Radiol. 2014. Vol. 43, N. 8. P. 1071–1077. 
doi: 10.1007/s00256-014-1885-7
56. Grieser T. Atraumatische und aseptische Osteonekrose 
großer Gelenke // Der Radiologe. 2019. Vol.  59, N.  7. P.  647–662.  
doi: 10.1007/s00117-019-0560-3
57. Ganz R., Gill T.J., Gautier E., et al. Surgical dislocation of the adult 
hip a technique with full access to the femoral head and acetabulum 
without the risk of avascular necrosis // J Bone Joint Surg Br. 2001. 
Vol. 83, N. 8. P. 1119–1124. doi: 10.1302/0301-620x.83b8.11964
58. Paley D. The treatment of femoral head deformity and coxa 
magna by the Ganz femoral head reduction osteotomy // Orthop Clin 
North Am. 2011. Vol. 42, N. 3. P. 389–399. doi: 10.1016/j.ocl.2011.04.006
59. Shannon B.D., Trousdale R.T. Femoral osteotomies for avascular 
necrosis of the femoral head // Clin Orthop Relat Res. 2004. N. 418. 
P. 34–40. doi: 10.1097/00003086-200401000-00007
60. Sodhi N., Acuna A., Etcheson J. Management of osteonecrosis 
of the femoral head: an up-to-date analysis of operative trends  // 
Bone Joint Lett J. 2020. Vol.  102–B, N.  7 (Suppl. B). P.  122–128. 
doi: 10.1302/0301-620X.102B7.BJJ-2019-1611.R1
61. Xie H., Wang B., Tian S., et al. Retrospective long-term follow-up 
survival analysis of the management of osteonecrosis of the femoral 
head with pedicled vascularized iliac bone graft transfer // J Arthro-
plasty. 2019. Vol. 34, N. 8. P. 1585–1592. doi: 10.1016/j.arth.2019.03.069
62. Cheng Q., Zhao F.C., Xu S.Z., et al. Modified trapdoor procedures 
using autogenous tricortical iliac graft without preserving the broken 
cartilage for treatment of osteonecrosis of the femoral head: a pro-
spective cohort study with historical controls // J Orthop Surg Res. 
2020. Vol. 15, N. 1. P. 1–8. doi: 10.1186/s13018-020-01691-w
63. Calori G.M., Mazza E., Colombo A., et al. Core decompression and bio-
technologies in the treatment of avascular necrosis of the femoral head // 
EFORT Open Rev. 2017. Vol. 2, N. 2. P. 41–50. doi: 10.1302/2058-5241.2.150006
64. Саутина О.П., Хазов П.Д. МРТ-диагностика ранних стадий 
асептического некроза бедренных костей // Российский медико- 
биологический вестник имени академика И.П. Павлова. 2008. 
№ 1. С. 50–56.
65. Glickstein M.F., Burk D.L., Schiebler M.L., et al. Avascular necrosis 
versus other diseases of the hip: sensitivity of MR imaging // Radiolo-
gy. 1988. Vol. 169, N. 1. P. 213–215. doi: 10.1148/radiology.169.1.3420260

* Corresponding author / Автор, ответственный за переписку

AUTHOR INFORMATION
* Ivan Yu. Pozdnikin, MD, PhD, Cand. Sci. (Med.);  
address: 64-68 Parkovaya str., Pushkin, Saint Petersburg,  
196603, Russia;  
ORCID: 0000-0002-7026-1586;  
eLibrary SPIN: 3744-8613;  
e-mail: pozdnikin@gmail.com

ОБ АВТОРАХ
* Иван Юрьевич Поздникин, канд. мед. наук;  
адрес: Россия, 196603, Санкт-Петербург, Пушкин,  
ул. Парковая, д. 64–68;  
ORCID: 0000-0002-7026-1586;  
eLibrary SPIN: 3744-8613;  
e-mail: pozdnikin@gmail.com

https://doi.org/10.5371/hp.2019.31.3.129
https://doi.org/10.1136/bjsm.2006.033373
https://doi.org/10.1007/s002560000319
https://doi.org/10.17816/PTORS456498
https://doi.org/10.3389/fped.2023.1200877
https://elibrary.ru/oorkni
https://doi.org/10.1007/s00296-023-05373-8
https://doi.org/10.1097/MS9.0000000000001098
https://doi.org/10.1177/1941738114532431
https://doi.org/10.1007/s00256-014-1885-7
https://doi.org/10.1007/s00117-019-0560-3
https://doi.org/10.1302/0301-620x.83b8.11964
https://doi.org/10.1016/j.ocl.2011.04.006
https://doi.org/10.1097/00003086-200401000-00007
https://doi.org/10.1302/0301-620X.102B7.BJJ-2019-1611.R1
https://doi.org/10.1016/j.arth.2019.03.069
https://doi.org/10.1186/s13018-020-01691-w
https://doi.org/10.1302/2058-5241.2.150006
https://doi.org/10.1148/radiology.169.1.3420260
https://orcid.org/0000-0002-7026-1586
https://www.elibrary.ru/author_profile.asp?spin=3744-8613
mailto:pozdnikin@gmail.com
https://orcid.org/0000-0002-7026-1586
https://www.elibrary.ru/author_profile.asp?spin=3744-8613
mailto:pozdnikin@gmail.com


DOi: https://doi.org/10.17816/PTOrS625549

137

  Pediatric Traumatology, Orthopaedics 
ScienTific reviewS vol. 12 (1) 2024 and reconstructive Surgery

Pavel I. Bortulev, MD, PhD, Cand. Sci. (Med.);  
ORCID: 0000-0003-4931-2817;  
eLibrary SPIN: 9903-6861;  
e-mail: pavel.bortulev@yandex.ru

Dmitrii B. Barsukov, MD, PhD, Cand. Sci. (Med.);  
ORCID: 0000-0002-9084-5634;  
eLibrary SPIN: 2454-6548;  
e-mail: dbbarsukov@gmail.com

Павел Игоревич Бортулев, канд. мед. наук;  
ORCID: 0000-0003-4931-2817;  
eLibrary SPIN: 9903-6861;  
e-mail: pavel.bortulev@yandex.ru

Дмитрий Борисович Барсуков, канд. мед. наук;  
ORCID: 0000-0002-9084-5634;  
eLibrary SPIN: 2454-6548;  
e-mail: dbbarsukov@gmail.com

https://orcid.org/0000-0003-4931-2817
https://www.elibrary.ru/author_profile.asp?spin=9903-6861
mailto:pavel.bortulev@yandex.ru
https://orcid.org/0000-0002-9084-5634
https://www.elibrary.ru/author_profile.asp?spin=2454-6548
mailto:dbbarsukov@gmail.com
https://orcid.org/0000-0003-4931-2817
https://www.elibrary.ru/author_profile.asp?spin=9903-6861
mailto:pavel.bortulev@yandex.ru
https://orcid.org/0000-0002-9084-5634
https://www.elibrary.ru/author_profile.asp?spin=2454-6548
mailto:dbbarsukov@gmail.com

	PEDIATRIC TRAUMATOLOGY, ORTHOPAEDICS AND RECONSTRUCTIVE SURGERY
	ОРТОПЕДИЯ, ТРАВМАТОЛОГИЯ И ВОССТАНОВИТЕЛЬНАЯ ХИРУРГИЯ ДЕТСКОГО ВОЗРАСТА
	Idiopathic aseptic necrosis of the femoral head in children who are professionally engaged in gymnastics: A literature review
	Abstract
	To cite this article

	Идиопатический асептический некроз головки бедренной кости у детей, профессионально занимающихся гимнастикой. Обзор литературы
	Аннотация
	Как цитировать
	Background
	Materials and methods
	Results and discussion
	Conclusion
	Additional information
	References
	Список литературы
	Author information
	Об авторах



