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ABSTRACT

BACKGROUND: Aseptic necrosis of the femoral head in children remains a subject of great interest among specialists, de-
spite its long history of study. The Legg—Calvé—Perthes disease is the most common form of aseptic necrosis of the femo-
ral head in children. The necrotic lesion in the femoral head results from the blockage of the arterial blood supply to the
epiphysis, leading to its infarction. Some children experience a more aggressive disease course, with signs of osteoarthritis,
which can result in the early development of coxarthrosis. Numerous publications have demonstrated the successful use of
bisphosphonates in adult patients with aseptic necrosis of the femoral head.

AIM: To generalize data on the use of bisphosphonates in children with the Legg—Calvé—Perthes disease presenting with
signs of osteoarthritis through the analysis of contemporary global literature.

MATERIALS AND METHODS: A literature search was conducted in the open databases of PubMed, Science Direct, and Google
Scholar, and the analysis depth spanned 20 years. The search terms used included “Legg—Calvé-Perthes disease,” “aseptic
(avascular) necrosis of the femoral head,” and “bisphosphonates.” The review encompassed the literature on bisphospho-
nates, their biological action, effectiveness of their use in patients with aseptic necrosis of the femoral head, and results of
our research.

RESULTS: Studies on the efficacy of hisphosphonates in children with Legg—Calvé—Perthes disease are limited. Currently,
the effect of bisphosphonates on disease course and outcome is unknown. Despite this, mechanisms of chronic inflamma-
tion are increasingly mentioned in the literature, which may directly or indirectly influence the clinical course and outcome
of the disease. The key is the hyperactivity of osteoclasts in osteonecrosis. The experience of using bisphosphonates in adult
patients with aseptic necrosis of the femoral head had positive results in preventing the progression of the deformity of
femoral head deformity.

CONCLUSIONS: Bisphosphonates are specific inhibitors of osteoclast activity, which has been used in many diseases. The re-
sults and inferences of using bisphosphonates in children with Legg—Calvé—Perthes disease will lead to the formulation of
a new treatment algorithm.
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HayuHbIi 0630p

bonesHb Jlerra — KanbBe - lepteca,
npoTeKalolasa ¢ NpUsHaKaMu ocTeoapTpuTa:
MeXaHU3Mbl BO3HUKHOBEHUS! U NMepCneKTUBbI
KOHCepBaTMBHOM Tepanuu ¢ NpUMEHEeHNeM
6ucdocdonaros

A.H. Koxesnukos' 2, [1.6. bapcykos', A.P. [ybaesa'

! HaumoHasnbHbIi MEANLMHCKIA UCCELOBATENbCKUA LIEHTP AETCKOM TpaBMatoniorum 1 oproneav umenn LU, Typrepa, Cankr-Metepbypr, Poccus;
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AHHOTALMA

06ocHoeaHue. AcenTMYeCKUIN HEKPO3 FONIOBKM DeLPEHHOM KOCTW Y fieTel 0CTaeTcs NPeLMETOM NpUCTabHOTO BHUMaHWA cre-
LMan1CToB, HECMOTPS Ha MHOTOMIETHION MCTOpUIO ero u3ydeHus. Hambonee yactas pasHOBMOHOCTb aceNTMHECKOTO HeKpo3a
ronosku beppeHHon KocTu y Aeteil — 6bonesHb Jlerra — Kanbse — lepteca. Xopowlo U3BecTHO, YTO 04ar HeKpo3a B ro/loBKe
benpeHHoN KocTu hopMupyeTcs BCeAcTBUE BIOKMPOBaHKUA apTepuasnbHOro NPUTOKA K annudusy, To ecTb ero UHdapkTa. Y va-
CTU [eTeil 0TMeYaloT bonee arpeccuBHbIN BapuaHT TedeHus 3abonieBaHns — C NpU3HaKaMu 0CTE0APTPUTA, KOTOPbI NPUBOAUT
K paHHeMy pasBMTUI0 KOKCapTpo3a. B MHoroumcneHHbIx Ny6nmKaumusax NpoAeMoOHCTPUPOBAHO YCreLLHoe npuMeHeHne bucgoc-
(OHATOB Yy B3POC/IbIX NALMEHTOB C aCENTUHECKUM HEKPO3OM FOJIOBKW DEAPEHHON KOCTU.

Llene — nyTeM aHanM3a cOBPeMEHHOI MUPOBOW NUTEpaTypbl 0600LMTL AaHHBIE OTHOCUTENIBHO NEPCNEKTUBHOCTM NPUMEHE-
Hua bruchochoHaToB y aeTen ¢ bonesHblo Jlerra — Kanbse — lepreca ¢ npu3HakamMu ocTeoapTpuTa.

Mamepuanel u Memodbl. [poBefieH NOUCK IMTEpATYpbI B OTKPbITLIX MHGOPMaLMOHHBIX 6a3ax PubMed, Science Direct, Google
Scholar ¢ rnybuHoit aHanu3a 20 net. B KayecTBe NOMCKOBLIX KNHOYEBLIX C/IOB UCMOMb30Bany «bonesHb Jlerra — Kanwee — [Nep-
Teca», «acenTUYecKuii (aBacKyNApHbIiA) HEKPO3 roNoBKK BefpeHHON KocTux» U «bucdocdoHaTsl». 0630p AononHeH nuTeparyp-
HbIMW [aHHbIMU 0 BucdocdoHaTax, ux bruonoruueckoM AencTBuM, 3IGGEKTUBHOCTM NPUMEHEHMS Y NALMEHTOB C aCENTUYECKUM
HEKPO30M rofloBKY 6epeHHON KOCTH, a TaKKe pe3ynbTaTaMu CoBCTBEHHBIX HabMOAeHNN.

Pe3synemamel. PaboTbl No n3yveHnio aQpdeKTMBHOCTH npuMeHeHns bucdocdoHatos y feTeit ¢ bonesHbto Jlerra — Kanbee —
lMepTeca HeMHOrOUMUCNEHHBI. B HacToslLlee BpeMs He U3BECTEH XapaKTep BMAHUA buchochoHaToB Ha TeyeHWe U ucxop, 3a-
bonesaHus. HecmoTps Ha 310, B ITEpATYpHbIX MCTOYHMKAX BCE Yallie YNIOMUHAKTCA MEXaHWU3Mbl XPOHUYECKOTO BOCMANEHMS,
KOTOpbIe MOTYT HanpsMY0 WK KOCBEHHO BNIUATb Ha K/IMHUYECKOE TeYeHWe U ucxop, bonesHu. KnioueBon M3 HUX — runep-
aKTMBHOCTb OCTEOKNIACTOB B 04are 0CTEOHEKPO3a rofloBKM befpeHHoM KocTu. OnbIT npuMeHeHus bucdocdoHaTos y B3pocbIX
MaLMEHTOB C acenTMYECKUM HEKPO30M rOJI0BKM BeApeHHOM KOCTM MOKa3an NoNoXUTENbHbIE pe3ynbTathl B NPefoTBpaLleHni
nporpeccvpoBaHus fedopMaLmm ronoBku begpeHHo KocTu.

3axnoyenue. bucdocdoHatel — BbICOKOIDPEKTUBHBIE MHIMOMTOPLI OCTEOKNACTOB, MPUMEHSEMBIE MPU MHOMUX TAMENbIX
3aboneBaHusx. Nsydvenne u nocnepytolee 0bobleHne pesynbTaToB UCMonb3oBaHKs bucdocdoHatoB noMoryT BbipaboraTb
HOBbIN anropuT™ NedeHus feteid ¢ bonesHbto Jlerra — Kanbse — [lepTeca ¢ npusHakamm octeoapTpura.

KnioueBble cnoBa: acenTu4ecKMin HeKpo3 rofloBkK beapeHHoM KocTH; bonesHb Jlerra — Kanbee — [lepTeca; CMHOBMT; ocTeo-
apTpuT; buchocdoHatsl.
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REVIEWS

BACKGROUND

Aseptic necrosis of the femoral head (ANFH) has been
known for a long time. The incidence of ANFH ranges from
0.4 to 29 cases per 100,000 children across diverse ethnic
groups. Typically, ANFH occurs in stages, with the lesion in
most cases being unilateral (85-90%). Legg—Calvé—Perthes
disease (LCPD) is the most common type of ANFH in pediatric
patients [1]. The underlying mechanism of formation of
a focus of necrosis in LCPD is avascular, leading to infarction
of the epiphysis. The factors causing this condition are not
fully understood [2]. During the initial phase of development
of femoral head necrosis, as a rule, a transient inflammatory
reaction of the joint is noted, often resembling the course of
arthritis [3]. At the stage of an impression fracture, typical
radiological signs are registered, particularly the line of
a subchondral fracture in the epiphysis, which makes it
possible to identify the disease. The process of new bone
tissue formation begins during the destructive disintegration
of the epiphysis into fragments. The disease outcome is more
favorable with timely, comprehensive treatment [4]. However,
despite receiving appropriate therapy, up to a quarter of
pediatric patients are susceptible to a more aggressive
version of the disease, marked by osteoarthritis symptoms.
Factors contributing to the development of osteoarthritis in
LCPD have not yet been fully determined. Several studies have
noted that this disease course is characterized by an increase
in the area and longer persistence of the necrosis focus,
accompanied by an aggressive form of chronic synovitis.
This combination leads to severe deformity of the femoral
head and early development of coxarthrosis [5]. Traditional
pathogenetic conservative therapy for LCPD turned out to be
ineffective. However, according to the literature, conservative
treatment with bisphosphonates significantly reduced
the disease manifestations in adult patients with ANFH.
This fact makes the administration of hisphosphonates to
pediatric patients with LCPD with signs of osteoarthritis very
promising [6, 7].

The work aimed to summarize data on the prospects
of using bisphosphonates in pediatric patients with LCPD
disease with signs of osteoarthritis by analyzing modern
world literature.

MATERIALS AND METHODS

We searched the PubMed, Science Direct, and Google
Scholar databases for articles published between 2003
and 2023 using the keywords “Legg—Calvé—Perthes dis-
ease,” “aseptic (avascular) necrosis of the femoral head,”
and “bisphosphonates.” We considered any publica-
tions regardless of their language of publication. The ar-
ticle is supplemented with literature materials focusing on

the study of the pathogenesis mechanisms and osteoarthritis
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implementation in patients with ANFH. Based on the litera-
ture data and the results of our research, information about
bisphosphonates, their biological action, and efficiency in
ANFH patients is presented.

RESULTS AND DISCUSSION

The database search identified 370 publications, focusing
on bisphosphonates used in animal models or meta-
analyses. In this regard, the search was supplemented with
an age characteristic of 0-18 years. Following this, only
27 articles were selected for further analysis. Among these,
four of the selected publications contained descriptions of
clinical cases, and four publications presented meta-analysis
or thematic literature review. Additionally, four publications
dealt with issues of pathophysiology or systemic effect of
bisphosphonates in pediatric patients, and two publications
presented treatment of osteonecrosis of the femoral head
in the presence of hemoblastosis. Furthermore, four
publications contained materials on using bisphosphonates
in pediatric patients with posttraumatic avascular necrosis.
Two publications presented information on technetium-99m-
methylene diphosphonate (99mTc-MDP) in the diagnosis
of avascular necrosis, while five articles were appropriate
to the subject of the request regarding the use of
bisphosphonates in idiopathic avascular necrosis. In addition,
two articles were related to bisphosphonate therapy in
pediatric patients with systemic lupus erythematosus and
sickle cell anemia. During the first decade (2003-2013), there
were no randomized clinical trials related to the issue of
the effectiveness of bisphosphonates in pediatric patients or
their effect on the X-ray anatomical presentation. In the second
decade (2013-2023), only five randomized clinical trials were
presented. However, analysis of publications showed that
four articles described patients over 18 years of age and
concerned the pediatric population only indirectly. Thus,
only one full-fledged study that analyzed the effectiveness
of zoledronic acid in pediatric patients with LCPD has been
identified [49].

Idiopathic ANFH

ANFH has been known for a long time and has been
studied thoroughly. However, several mechanisms are still
not clarified, including the cause of the formation of a fo-
cus on avascular necrosis. Despite the noninflammatory
nature of the disease, recent literature has been increas-
ingly discussing some mechanisms of chronic inflam-
mation, which can directly or indirectly affect the course
and outcome of the disease. This fact somewhat modifies
the classical ideas about aseptic necrosis [9]. Currently,
ANFH is considered a multifactorial disease, and the in-
flammatory process can be regarded as one of the fac-
tors of aggression [10]. ANFH is registered in pediatric
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patients with rheumatic diseases, congenital blood dis-
eases (hemophilia, thrombophilia, sickle cell anemia, and
a-thalassemia), hemaoblastosis, hyperhomocysteinemia, and
less often with other pathologies.

The structural changes in idiopathic ANFH are based on
vascular disorders that are directly related to inflammatory
processes in the endothelium of the vascular wall, changes in
the shape of erythrocytes or blood rheology toward increased
viscosity, and processes of occlusion or obliteration of small
vessels. In some cases, ANFH may be immune-mediated
or even be caused by molecular genetic aspects [11]. While
studying ANFH in pediatric patients with rheumatic diseases,
in which the vector of the blood coagulation system changes
toward hypercoagulation or vasculitis is registered, it turned
out that the disease prevalence is low [12]. In pediatric patients
with rheumatological pathology, avascular necrosis was
most common in the group of patients with systemic lupus
erythematosus (5.4-8.4%, up to 15% of cases, according to
some studies) and less often in patients with juvenile arthritis
and dermatomyositis [13]. At the same time, the hormone-
dependent theory regarding the origin of ANFH has not
consistently been supported. When explaining the cause of
the development of infarction of the femoral head epiphysis,
experts most often leaned toward the concepts of chronic
inflammation, hypercoagulation, and vasculopathy [14].
For example, among the various forms of juvenile arthritis,
the systemic variant (the most severe form of the disease)
accounted for the largest number of cases of avascular
necrosis. At the same time, the timing of the deformity
formation coincided with the peak of high laboratory and
clinical activity of the disease. For articular forms of juvenile
arthritis, cases of avascular necrosis during childhood were
quite rare.

Clinical cases of avascular necrosis in adulthood in pa-
tients with certain variants of rheumatoid arthritis in which

|
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Osteonecrosis N
.

Synovitis

Fig. 1. Magnetic resonance imaging shows the initial stage of
ANFH (from the author’s archive). A magnetic resonance imaging
scan reveals osteonecrosis of the femoral head on the right, mas-
sive trabecular edema, as well as pronounced symptoms of syno-
vitis with overstretching of the joint capsule
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the disease onset occurred during childhood are relatively
few in the literature [15]. Among deficiency conditions, re-
searchers have predominantly focused on vitamin D and its
metabolites. Several studies have indicated a correlation be-
tween severe vitamin D deficiency (less than 15 ng/ml) and
the risk of avascular necrosis in pediatric patients [16, 17].
From an inflammatory perspective, this is probably due to
the ability of the active metabolite of vitamin D (cholecalcif-
erol) to intertwine with the innate immune system, regulating
the synthesis and cellular secretion of major proinflamma-
tory cytokines (interleukin-6, tumor necrosis factor-a and in-
terferon a) [18]. Additionally, there are suggestions in some
sources regarding the involvement of molecular genetic
mechanisms in the pathogenesis of ANFH. Several candidate
genes have been discovered, and single nucleotide polymor-
phisms, according to scientists, may play a role in bone me-
tabolism and potentiate the risks of developing ANFH. Among
them are the Klotho (KL), BMPé, and ANXAZ genes [19]. Over
the past few years, a relationship between a heterozygous
mutation in the COL2AT gene and ANFH has been established.
In the cases described, the course of avascular necrosis in
this category of patients has a familial aggregation and is
characterized by bilateral lesions, even in cases where onset
occurs during childhood. However, many researchers attri-
bute this form of ANFH more to type 2 collagenopathy with
the development of osteonecrosis [20]. In LCPD in pediatric
patients, according to numerous molecular genetic studies,
no candidate genes have been identified that increase the risk
of the disease [21].

ANFH and osteoarthritis

Currently, very ambiguous ideas have been formed
about osteoarthritis in pediatric patients in the structure
of ANFH. The mechanisms of the formation of chronic
inflammation against avascular necrosis have yet to be
thoroughly established. There are several theories, among
which uncontrolled hyperactivity of osteoclasts, the syn-
drome of an exaggerated inflammatory response with
overexpression of the main proinflammatory cytokines (in-
terleukin-6 and tumor necrosis factor alpha), or the model
of antiphospholipid syndrome are most consistent with
ideas about the course of chronic inflammation [22, 23].
In the early stages of the disease, pediatric patients with
ANFH have increased levels of the main proinflamma-
tory cytokines in the synovial environment [24]. The role
of osteoclast hyperactivity in the formation of osteone-
crosis lesion has been well-established over many years
of research (Fig. 1). Recent studies using immunochro-
matographic analysis have demonstrated overexpression
of the receptor activator of nuclear transcription factor
NF-kB (RANK) in the site of aseptic necrosis of hone tissue
in the early stages of the disease [25]. RANK is a type |
transmembrane protein belonging to the tumor necrosis
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Fig. 2. Scheme of osteoclast activation in the focus of osteonecrosis (from the author’s archive). Explanation is presented in the text.
RANK, cellular receptor activator; RANKL, receptor ligand; IL-6, interleukin-6; IL-1, interleukin-1, TNF-a, tumor necrosis factor alpha

factor receptor superfamily (TNFRSF). Its ligand, the type I
transmembrane protein RANKL, is expressed on the sur-
face of activated T cells, bone marrow stromal cells, and
osteoblasts [26]. When the RANK receptor binds to its li-
gand RANKL on the cell surface, osteoclastogenesis from
progenitor cells is triggered or mature osteoclasts are ac-
tivated (Fig. 2) [27]. A natural antagonist of RANKL, osteo-
protegerin (OPG), a so-called “decoy receptor,” functioning
as a soluble homologue of RANK that blocks its interac-
tion with RANKL. Overexpression of the OPG protein was
found in the late stages of avascular necrosis in areas of
active bone sclerosis [28]. Most researchers have observed
the presence of concomitant synovitis in the early stages
of the disease in the presence of a focus on necrosis. In
contrast, synovitis was not registered in the later stages
of the disease. The findings suggest osteoarthritis second-
ary to avascular necrosis (LCPD) may be associated with
osteoclast hyperactivity. However, the lack of widespread
incidence of synovitis in pediatric patients with a focus on
necrosis indicates hidden molecular genetic mechanisms
involved in the implementation of chronic inflammation,
one of which may be the phenomenon of an exaggerated
immune response [29].

Currently, the treatment of osteoarthritis in the presence
of LCPD represents an unsolved problem in pediatric rheu-
matic orthopedics. Most pediatric rheumatologists interpret
the inflammatory process against aseptic necrosis as syno-
vitis of a secondary nature, the absence of factors of auto-
immune aggression, which excludes the possibility of using
antirheumatic drugs [30]. Moreover, despite the seemingly
chronic nature of the course, synovitis, combined with aseptic
necrosis, does not fit into any of the criteria for rheumatic

DOl https://doi.org/ 1

disease. This predetermines the impossibility of using im-
munosuppressive therapy in this category of patients. In this
case, the inflammatory process in the joint persisting for at
least 6 weeks in a child with avascular necrosis cannot but
be associated with the course of the disease. This form of
inflammation, emanating from the focus of necrosis, leading
to the onset and progression of femoral head deformity, and
affecting the cartilaginous model, should be interpreted as
osteoarthritis [31]. Undoubtedly, suppression of this inflam-
matory process is required (Fig. 3). Therapy with nonsteroi-
dal anti-inflammatory drugs is often insufficient and does
not help to subside the inflammatory changes. That is why it
is necessary to strengthen anti-inflammatory therapy using
immunosuppressive drugs. However, using algorithms and

f i

Synovms

Fig. 3. Magnetic resonance imaging shows stage 2 of osteochon-
dropathy of the femoral head on the left with signs of osteoarthritis
(from the author’s archive). Magnetic resonance imaging in T2 STIR
modes reveals an extensive area of femoral head destruction, signs
of trabecular edema, and chronic synovitis
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regimens of immunosuppressive therapy with the inclusion
of antirheumatic disease-modifying drugs is not the respon-
sibility of the orthopedic physician. In addition, the orthope-
dist needs the necessary skills to assess the efficiency and
safety of immunosuppressive therapy in pediatric patients.
This clearly demonstrates the unresolved problem of treating
chronic synovitis in pediatric patients with LCPD and neces-
sitates involving a rheumatologist. At the same time, despite
the disease’s multifactorial nature, several pathogenetic
mechanisms still have clearly described aspects. Numerous
studies have shown the leading role of uncontrolled activa-
tion of osteoclasts in the formation of ANFH, accompanied by
overproduction of proinflammatory cytokines and the devel-
opment of chronic synovitis [32]. Such a reaction of the syno-
vial membrane is not unfounded and can be associated with
hidden mechanisms of autoaggression. Therefore, a selective
model for the treatment of chronic synovitis in pediatric pa-
tients with LCPD may not have a direct immunosuppressive
effect on inflammation but an indirect one by blocking osteo-
clast hyperactivity [33].

Bisphosphonates and their use in patients
with ANFH

It is well-known that bisphosphonates have been used
in pediatric rheumatology for a long time. Their use extends
beyond conditions like osteogenesis imperfecta and sys-
temic idiopathic osteoporosis. This type of therapy is directly
indicated for several rheumatological diseases, including
nonbacterial osteomyelitis, juvenile dermatomyositis, and
ankylosing spondylitis [34]. Bisphosphonates in pediatric
patients with rheumatic diseases can deactivate osteoclasts
and directly influence the cellular components of immunity,
including synovitis, by inhibiting the hyperactivity of inflam-
matory cells [35]. However, for many years, the immunosup-
pressive and anti-inflammatory effects of bisphosphonates
have been relatively understudied. Bisphosphonates are
inorganic analogs of pyrophosphate with different mecha-
nisms of action. Their physicochemical properties stem from
their high affinity for apatite crystals, which inhibits the for-
mation and slows down the dissolution of calcium phos-
phate crystals. Bisphosphonates can be classified according
to the presence or absence of a nitrogen atom in the R2
chain, namely, amino (sodium alendronate, pamidronate,
risedronate, ibandronate, and zoledronate) and nonamino-
bisphosphonates (clodronate, tiludronate, and etidronate).
While osteoclasts are the main target of bisphosphonates,
studies show that monocytes, macrophages, lymphocytes,
and synoviocytes may also be affected [36]. Bisphospho-
nates have a high affinity for calcium ions and therefore
penetrate well into bone tissue, where they concentrate
around osteoclasts, creating a high concentration within re-
sorption lacunae.
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The molecular mechanism of action of bisphosphonates on
osteoclasts involves inhibiting key enzymes of the mevalonate
pathway, necessary for the synthesis of cholesterol and
isoprenoid lipids (farnesyl and geranylgeranyl diphosphate
synthases). These are necessary for the prenylation of
signaling G proteins that regulate cellular vital processes.
Blocking these enzymes in cells initiates the process of
cellular apoptosis. Aminobisphosphonates are significantly
superior in antiresorptive activity to drugs without amino
groups [37]. The effect of bisphosphonates on monocytes
and macrophages is heterogeneous. The immediate effect of
bisphosphonates is associated with the hyperproduction of
proinflammatory cytokines by macrophages and monocytes
during the first 3 days after the drug administration.
With prolonged therapy with bisphosphonates, the anti-
inflammatory effect is achieved by inhibiting the subtype of
gamma/delta T cells (y& T cells), which play an important
role in the adaptive immunity of the child and triggering of
the immune response in the body tissues of an adult, that is,
a mild immunosuppressive effect is achieved [38].

Using bisphosphonates to prevent the progression
of femoral head deformity and reduce symptoms of
osteonecrosis is a relatively new approach. Interim studies
suggest that in adults with osteonecrosis of the femoral
head, bisphosphonates may reduce pain, improve hip
function, prevent further progression of the femoral head
deformity, and delay joint replacement [39]. This effect has
been demonstrated in both animal models and clinical studies
in adults [40, 41]. According to a meta-analysis conducted
by a group of scientists led by Dr. Donghai Li in 2018,
numerous studies show the efficiency of bisphosphonates
in treating ANFH. However, it's worth noting that some
experts are somewhat critical of the findings. Additionally,
the effectiveness of bisphosphonates in preventing femoral
head deformity may vary [42]. In clinical trials, a team led by
Dr. Young-Kyun Lee (South Korea) in 2015 used zoledronate to
treat patients with early-stage ANFH and moderate to large
volumes of necrosis. It was established that zoledronic acid
does not prevent femoral head collapse and is not able to
reduce the need for total hip arthroplasty. In addition, in 2012,
Dr. Meng Fan et al. (China) demonstrated in experimental
studies that zoledronic acid can inhibit neovascularization in
the focus of osteonecrosis, negatively affecting bone tissue
restoration [43]. The data are more optimistic regarding
ibandronic acid. Compared in the course of trials, ibandronic
acid resulted in better bone volume maintenance after
induction of ischemic osteonecrosis. In addition, in clinical
practice, sodium ibandronate helps to increase the mineral
content in the trabecular part of the bone, thereby significantly
improving the nanomechanical properties of the anatomical
structure. The authors of the publication concluded that
ibandronic acid is better suited for adult patients with femoral
head osteonecrosis [44].
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Use of bisphosphonates in pediatric patients
with Legg-Calvé—Perthes disease

Studies examining the efficiency of bisphosphonates in
pediatric patients with ANFH are scarce. Clinical data sup-
porting the use of bisphosphonates in juvenile forms of
osteonecrosis are limited and should be critically evalu-
ated [45]. A database search revealed a need for more infor-
mation on the effectiveness of hisphosphonates in pediatric
patients with ANFH, including LCPD. We examined proposed
solutions to optimize therapy for osteoarthritis in pediat-
ric patients with LCPD. An analysis of a series of patients
treated at H. Turner National Medical Research Center for
Children’s Orthopedics and Trauma Surgery indicated that in
LCPD with signs of a pronounced inflammatory process in
the early stages of the disease, the volume of the necrosis
focus often increased, and extrusion subluxation developed
in the affected joint. Additionally, synovitis hindered timely
conservative and surgical treatment. Without proper treat-
ment, this disease variant inevitably ended in the formation of
gross deformity of the articular components (Fig. 4). Similar
conclusions regarding the negative impact of chronic syno-
vitis on the disease course were made in English-language
studies [46]. Currently, in the treatment of pediatric patients
with LCPD, previously developed schemes are traditionally
used in the form of conservative measures using abduction
orthoses and plaster casts, as well as surgical interventions,
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namely, triple pelvic osteotomy, Salter pelvic osteotomy, varus
femoral osteotomy. The listed treatment methods, included in
the concept of containment therapy, are based on the com-
plete “immersion” of the femoral head into the acetabulum,
which is necessary to prevent the head deformity progression
and improve its shape, as well as restore the congruence of
the articular surfaces. However, this treatment option cannot
positively affect the hyperactivity of osteoclasts in the area
of necrosis, including the course of osteoarthritis [47, 48].
Consequently, numerous studies have been aimed at find-
ing a drug therapy model that would reduce inflammation
and osteoclast activity, preventing the progression of head
deformity, and restoring its sphericity [49].

Based on the materials studied, we proposed a new con-
cept of conservative pathogenetic therapy in pediatric patients
with LCPD with signs of osteoarthritis. The treatment model
used for adult patients was applied and consists of the short-
term use of bisphosphonates [50]. The treatment protocol
represents a series of infusions of ibandronate sodium in
pediatric patients with LCPD with signs of osteoarthritis at
the stages of impression fracture and fragmentation. The dose,
duration, and safety monitoring of bisphosphonates follow
the clinical guidelines of the European Society of Rheumatolo-
gy for treating nonbacterial osteomyelitis in pediatric patients
(CARRA, 2017, 2019) [51]. According to international registers,
the efficiency of this bisphosphonate therapy regimen in pe-
diatric patients reaches 75% [52]. Thus, adding a course of

Fig. 4. A series of magnetic resonance imaging in pediatric patients with LCPD with signs of osteoarthritis: (g, b) without subluxation in
the affected joint; (c, d) with subluxation of the femoral head (from the author’s archive)
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bisphosphonates to conservative therapy in pediatric patients
with LCPD with signs of osteoarthritis is very promising. It is
possible that in the near future, this may solve the problem
of treating inflammation in pediatric patients with ANFH.

CONCLUSION

Currently, the number of pediatric patients with LCPD
and children with an aggressive form of the disease is not
decreasing, including osteoarthritis. There are few studies
on the efficiency of bisphosphonates in pediatric patients
with LCPD; the nature of the effect of bisphosphonates
on the course and outcome of the disease has yet to be
discovered. This problem needs to be studied more. The study
and subsequent generalization of the results will help develop
a new algorithm for treating pediatric patients with LCPD with
signs of osteoarthritis. In the future, this will likely delay, and
in some cases prevent, the hip replacement.
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