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Background. Aseptic bone necrosis (osteonecrosis), as a consequence of the ongoing coronavirus disease-2019
(COVID-19) pandemic, is increasingly becoming the cause of severe pain syndrome in the hip, knee, and shoulder joints
with disruption of their function. The discussion of the pathogenesis of post-COVID-19 osteonecrosis, possibility of its
diagnosis, and treatment at early stages continue. As COVID-19 affects young and able-bodied people, the diagnosis and
treatment of this form of aseptic necrosis at early stages have great social and economic importance.

Methods. The literature search was conducted in the databases of eLIBRARY, PubMed, and Scopus. The search depth was
10 years. Selected publications were related to the early diagnosis and treatment of aseptic necrosis following COVID-19.

Results. The form of osteonecrosis that developed after COVID-19 should now be classified according to ICD-10 as M87.3
(another secondary osteonecrosis). The review provides data on the possible mechanisms of osteonecrosis development
in patients who had COVID-19, explains the role of MRI for the early detection of the pathology, provides the results of
treatment that can influence both pathogenesis mechanisms, and leads to disease regression if treatment was initiated at
an early stage.

Conclusions. Improving the doctors’ awareness about the pathogenesis, diagnostic methods, and treatment of early disease
stages will reduce the risk of developing an advanced stage of aseptic necrosis post-COVID-19, slow down the progression
of the pathology, and delay or even prevent the need for joint replacement. Our concern is based on the continuation of the
pandemic, the observed fact of the dramatic increase in the frequency of aseptic necrosis post-COVID-19, and the number
of total arthroplasties in young and middle-aged people for aseptic necrosis of the femoral head.
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OcTeoHeKpo3 y nauueHToB, nepeHecwmnx COVID-19:
MeXaHU3Mbl pa3BUTUSA, AUATHOCTUKA, IeYEHUE HA PAHHUX CTAAUAX
(o630p nuTEpaTypbl)

A.H. ToprammuH, C.C. PoguoHoBa

QOI'BY «HayuoHansHulli MeOUYUHCKUL uccnedosamensCKuli yeHmp mpasmamosnozuu u opmoneduu um. H.H. ITpuoposa»
Munsdpasa Poccuu, 2. Mockea, Poccus

AxkmyansHocms. AceniTMUeCKUii HEKPO3 KOCTel (OCTeOHeKpo3) Kak ciefcTBue nepeHeceHHoro COVID-19 B ycnoBusix
NpoJioyKalolelicss maHOeMUM Bce Yallle CTAHOBUTCSI IPUUMHOI BbIPasKeHHOTO 60/IeBOT0 CMHAPOMA B 006/1aCTU KPYITHBIX
CYCTaBOB C HapyluleHneM ux QyHkuuu. IIpogomkaercs: o6cyxaeHMe NaToreHe3a IOCTKOBUAHOIO OCTEOHEKPO3a, BO3MOXK-
HOCTY €TO BbISIBJIEHMSI U JIeUeHUs] Ha paHHUX CTaausX. YUUTHIBAs MaciTab pacnpocTpaHeHHocTH nHdekuum COVID-19
Cpeay ML, MOJIOZIOTO M TPYLOCIIOCOGHOTO BO3PACTa, BBISIBIEHME U jleueHye 3Toi (OpMBI acelTMYeCKOro HeKpo3a Ha
pPaHHUX CTaAMSIX MMeeT BaKHOe COLMaTbHOe M SKOHOMMUYEeCKoe 3HaYeHMe.

Mamepuan u memodsi. [TIoVick TUTEpaTypPhI TPOBeeH B 6a3ax maHHbIX eLIBRARY, PubMed, Scopus. I'my6uHa moucka — 10
seT. OTo6paHbl My6IMKaILMK, Kacarolyecss paHHei IMarHOCTUKY U JIeUeHsT acelTUUYeCKOro HeKpo3a Mmocjie mepeHeceH-
Horo COVID-19.

Pesynomamosi. DopMy OoCTEOHEeKpO3a, pa3BuBIlerocs nocwie nepeHecenHHoro COVID-19, B Hacrosiniee BpeMs cienyeT
knaccudunyposaThb mo MKB-10 kak M87.3 — mpyroit BTOpUUHBII OCTEOHEKPO3. B 0630pe NMpMUBOASATCS JaHHbIE O BO3MOXK-
HbIX MeXaHM3Max pasBUTHSI OCTEOHEKPO3a Y MaIuMeHToB, nepeHecmnx COVID-19, 060CHOBbIBAETCSI HEOOXOAVMOCTH BbI-
rioniHeHust MPT 11 paHHETO BbISIBIEHUST TATOJIOT YU, TPUBOMSITCS PE3Y/IbTAThI JIEUeHUST, CIOCOGHOTO OKa3bIBATh BIMUSIHME
Ha 06a MeXaHM3Ma MaToreHe3a ¥ MPUBECTU K 06paTHOMY Pa3BUTUIO MTPOIlecca MPH YCIOBUYM Havasla JIeYeHMs Ha paHHeii
cranuu 3aboneBaHusl.

3axanrouenue. TIoBbIlIIeHNE OCBEIOMJIIEHHOCTY Bpayeil O raToreHese, MeToAax AMAarHOCTUKY U JIeUeHUST PAHHUX CTaauit
MO3BOJIMT CHU3UTh PUCK Pa3BUTUS 3aIyII€HHON CTaAMM acelTUUEeCKOTro HeKpo3a nocie nepeHecenHHoro COVID-19, 3a-
MeJJIUT MPOTPECCUPOBAHYE MTATOIOTMYECKOTO MPOIeCca, OTCPOUUT MU AaKe MPeJOTBPATUT HEOOXOAMMOCTh SHAOIPO-
Te3MpOBaHMS cycTaBoB. Harra 03a604eHHOCTb OCHOBBIBAETCS HA TTPOJO/DKEHNY MAHAEMUM U PE3KO BO3POCIIEl 4acTo-
Te acenTuyeckoro Hekposa mnocie COVID-19, ¢ ogHOM CTOpPOHBI, 1 OMNepalyili SHAONIPOTE3UPOBAHUS Y JIUIL, MOJIOLOTO
M CpeJHEero BO3pacTa I10 MOBOAY aCeIITUYECKOTO HEKPO3a TOIOBKY 6eApeHHO KOCTH, C IPYTOii CTOPOHBI.

KiioueBble c10Ba: acenTuueckuit Hekpo3 cyctaBoB nmociie COVID-19, ocreonekpos, COVID-19, IioKOKOPTUKOUIBI.
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Background

The COVID-19 pandemic caused by the novel
coronavirus SARS-CoV-2 has already claimed the
lives of more than 5 million people [1]. Recent re-
search has observed in some patients, particularly
those with extensive lung lesions and respiratory
failure, the development of the long COVID-19
syndrome [2], which persists for more than 12
weeks after treatment completion and patient
transfer to the “recovered” status [3]. Symptoms
of long COVID-19 include fatigue, shortness of
breath, anxiety and depression, heart palpita-
tions, chest pains, inability to think or concen-
trate (currently referred to as “brain fog”), the
rarer Guillain—Barre syndrome, pulmonary fibro-
sis, pulmonary thromboembolism, cardiomyopa-
thy, sensory dysfunction, stroke [2], and muscle
and joint pain, which may be a manifestation of
aseptic bone necrosis [3, 4].

Previous studies have found that 5%-58% of
patients with severe COVID-19 have presented
with osteonecrosis [5, 6], with the femoral head
being affected in most cases. Hui et al. reported
that 39% of SARS-CoV-2 patients developed fem-
oral head osteonecrosis within several months
after atypical pneumonia [7]. Other foci of os-
teonecrosis have also been detected in the con-
dyles of the femoral and tibial bones, the head of
the humerus, the talus and calcaneus, and other
areas of the skeleton [5].

At present, two possible mechanisms are cur-
rently being discussed regarding the pathogen-
esis of aseptic necrosis after a COVID-19 infec-
tion: the virus damage to bone tissue vessels and
a negative effect of glucocorticoids (GCs) used in
the treatment of infection on the bone tissue.

Scientists continue to search for ways to di-
agnose aseptic necrosis in its early stages after a
new coronavirus infection and to determine the
risk factors for its development. The presented
literature discussed the possibility of conserva-
tive therapy in preventing disease progression,
provided that aseptic necrosis is treated in its
early stages. The ongoing pandemic emphasizes
the relevance of these data for doctors from vari-
ous specialties who monitor patients who recov-
ered from COVID-19.

This review aimed to summarize the data
on the pathogenesis of aseptic necrosis after
COVID-19 infection and the diagnostic methods
and treatment in the early stages of the disease.

Methods

We searched PubMed, Scopus, and eLIBRARY da-
tabases for articles using the keywords COVID- 19,
osteonecrosis, and aseptic bone necrosis, with a
search depth of 10 years. We then selected arti-
cles concerning the early diagnostics and treat-
ment of aseptic necrosis after COVID-19.

Results and discussion

Pathogenesis of aseptic necrosis caused by
COVID-19 infection

Researchers have been discussing the role of the
virus and glucocorticoid therapy in the patho-
genesis of aseptic necrosis caused by COVID-19.
For example, it has now been revealed that the
SARS-CoV-2 virus directly penetrates vascular
endothelial cells via angiotensin-converting en-
zyme-2 (ACE2), which is expressed by endothe-
lial cells in the lungs and in many other organs
and tissues, leading to vascular damage through
coagulopathy and extensive inflammatory syn-
drome [8]. Escher et al.’s study on a patient with
COVID-19 infection who had a significant in-
crease in von Willebrand factor confirmed the
destruction of the vascular endothelium [9]. In
addition, after entering the body, SARS-CoV in-
duces the expression of the TRIM55 ubiquitin li-
gase E3 gene in the vascular smooth muscle cells,
consequently resulting in the inflammation of
the vascular wall and aggregation of leukocytes
[10]. Combined with hypercoagulation, these ab-
normalities cause microthrombosis and bone os-
teonecrosis distal to the site of arterial obstruc-
tion [11].

Besides directly penetrating the vascular en-
dothelium, the virus also exacerbates damage in
bone tissue and intensifies general inflammation
and cytokine storm, similar to SARS-CoV-1 [12],
because of excessive activation of proinflam-
matory cytokines interferon-gamma (IFN-y),
tumor necrosis factor (TNF), interleukin-1 (IL-
1), interleukin-6 (IL-6) [13], and chemotaxis of
T-lymphocytes to the inflammation site [14],
caused by the immune response. The resulting
microthrombosis and direct damage to blood
vessels by the virus lead to the development of
aseptic necrosis [15].

However, this is not the only mechanism for the
development of osteonecrosis due to COVID-19.
The use of GCs has a greater impact on the risk
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of aseptic necrosis in COVID-19 [16]. These drugs
are used in COVID-19 because of their potential
advantage over other drugs in reducing immuno-
pathological tissue damage and early proinflam-
matory response by suppressing the expression
of proinflammatory cytokines such as IL-1, IL-2,
IL-6, TNF-a, and IFN-y and the migration of leu-
kocytes to inflammation sites, preventing the de-
velopment of a cytokine storm [17]. In addition,
previous studies also note the potential harm of
GCs, including a delay in the elimination of the
virus and the presence of adverse effects such as
the development of diabetes, psychosis, systemic
osteoporosis, and avascular bone necrosis [18,
19, 20].

The body then negatively reacted to the in-
take of GCs soon after recovery from COVID-19.
Moreover, the follow-up of patients with atypical
pneumonia suggested a decrease in bone mineral
density (BMD) after recovery [21].

The degree of bone loss was largely influenced
by the dose and duration of corticosteroids,
which were the main therapy used to reduce in-
flammation during the initial infection and the
subsequent early period of rehabilitation and re-
covery [5].

Depending on the medical institution, the fre-
quency of use of GCs in severe COVID-19 patients
varies from 28% to 70% [22]. Glucocorticoids are
widely used in COVID-19 because of the positive
experience with their use in patients with atypi-
cal pneumonia during the SARS-Co-V epidemic.
Multicenter studies showed that early adminis-
tration of dexamethasone reduced the duration
of artificial lung ventilation use and overall mor-
tality in patients with acute respiratory distress
syndrome [23]. The RECOVERY clinical trial, one
of the largest trials related to the treatment of
COVID-19, demonstrated that this drug reduced
the risk of death by 20% in severe COVID-19 pa-
tients who received artificial lung ventilation or
those receiving oxygen [24]. Moreover, because
corticosteroids have both direct and indirect
negative effects on the bone, they are consid-
ered a predisposing factor in the development of
avascular necrosis [25]. First, they affect the pro-
liferation of mesenchymal stem cells by blocking
RUNX2, preventing the formation of preosteo-
blasts and the transition of preosteoblasts to
osteoblasts, consequently reducing the mature
osteoblast count and shifting metabolism toward

the formation of adipocytes from the mesenchy-
mal cells [26, 27]. Under the influence of GCs, ap-
optosis of osteoblasts and osteocytes increases,
and osteoclasts are activated because of their in-
fluence on the system of RANKL and DKK-1 sign-
aling proteins [28].

The adverse effect of GCs on bone tissue is also
demonstrated in their participation in lipid me-
tabolism. The accumulation of low-density lipo-
proteins and the formation of fatty emboli blocks
peripheral blood vessels leading to ischemic ne-
crosis of the bone tissue. Free fatty acids formed
during the hydrolysis of fat emboli damage the
endothelial cells of capillaries and cause diffuse
vasculitis and intravascular coagulation, exacer-
bating ischemic bone tissue necrosis [29].

Another negative effect of GC on bone tissue
is when GCs act as a regulator of local blood flow
and change the sensitivity of vessels to vasoactive
substances such as endothelin-1, norepineph-
rine, and bradykinin, leading to vasoconstriction
in the femoral head and increased bone ischemia.
High doses of GCs decrease tissue plasminogen
activator (t-PA) activity while increasing plasmi-
nogen activator inhibitor-1 (PAI-1) antigen lev-
els in plasma, resulting to an increased plasma
procoagulant potential and hypercoagulation
state [30].

Fu et al. revealed that the expression of mi-
croRNA 596 (miR-596) in the bones of patients
with steroid-induced avascular necrosis of the
femoral head (SANFH) inhibits the proliferation
and osteogenic differentiation of bone marrow
stromal cells (BMSC), preventing the restoration
of damaged bone [31].

Previous studies demonstrated the associa-
tion of microRNA-17-5p (miR-17-5p) and miR-
210 with the pathogenesis of steroid-induced os-
teonecrosis of the femoral head (SANFH) [32, 33].
Moreover, GCs’ direct apoptosis of endothelial
cells and suppression of vascular collagen syn-
thesis prevent revascularization and restoration
of bone tissue in the area of osteonecrosis [34].

As previously mentioned, the dose of GCs and
the duration of therapy influence the develop-
ment of osteonecrosis. For example, the dose
of less than 1 to 2 mg/kg methylprednisolone
in a short course of 3 to 5 days used during the
atypical pneumonia epidemic in China in 2003
was recommended as an adjuvant treatment for
COVID-19 [35]. This mode of administration pro-
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vided a good therapeutic effect in patients with
a strong inflammatory response and acute pro-
gression (according to lung CT) of the disease and
did not lead to the development of osteonecrosis
[36]. In addition, a previous study suggested that
higher cumulative doses and longer treatment
with steroids could lead to the development of
osteonecrosis [37]. Other studies demonstrated a
correlation between the maximum daily dose of
GCs and femoral head osteonecrosis, which re-
quires adequate control [38]. In an experiment on
rabbits, Motomura et al., doses of 1 mg/kg, 5 mg/
kg, 20 mg/kg, and 40 mg/kg of methylpredniso-
lone resulted in incidence rates of osteonecrosis
of 0%, 42%, 70%, and 96%, respectively [39].

Another study on the clinical use of methyl-
prednisolone demonstrated that a dose of 5 mg/
kg per day resulted in the development of oste-
onecrosis in every fifth patient, compared with
the control group of patients receiving 1 mg/kg
per day, who did not develop the disease [40].
Moreover, increasing the dose of prednisolone
for every 10 mg also increased the incidence rate
of osteonecrosis by 3.6% [41].

The increasing cumulative dose of glucocor-
ticosteroids used in a retrospective study of 539
patients with acute respiratory syndrome also in-
creased the incidence rate of osteonecrosis [42].

Zhao et al. noted a nonlinear relationship be-
tween the cumulative dose and osteonecrosis.
They found that when the total dose of methyl-
prednisolone was below 5 g, the risk of osteone-
crosis remained relatively low. However, increas-
ing the total dose from 5 to 10 g dramatically
increased the risk, with highest risk in patients
at a cumulative dose of 10 to 15 g. Because a low
cumulative dose of corticosteroids (methylpred-
nisolone less than 5 g) is believed to be relatively
safe in patients with acute respiratory syndrome,
clinicians are advised to avoid using high doses
of corticosteroids, especially a cumulative dose
of more than 10 g [37]. Rademaker et al. demon-
strated that a dose of 700 mg prednisolone is the
threshold for the onset of the femoral head ne-
crosis [43]. In addition, Chan et al. suggested that
cumulative doses of methylprednisolone greater
than 2000 mg or hydrocortisone greater than
1900 mg are predictors of osteonecrosis [44].

In addition to dosage, the duration of therapy
also affects the development of osteonecrosis. In
a study of 1137 patients with atypical pneumonia,

an incidence rate of osteonecrosis of 1.29 (95% CI,
1.09-1.53; p = 0.003) for every 10 days of treat-
ment was shown to indicate the importance of re-
ducing the duration of administration of steroids
to reduce the risk of osteonecrosis [37]. Studies
suggested that even a weekly intake of GCs could
induce a high risk of osteonecrosis if the dose of
oral methylprednisolone exceeded 300 mg, (i.e.,
approximately 1 mg/kg per day in a patient weigh-
ing 60 kg for 5 days). On the basis of these data,
the authors drew attention to the importance of
examining patients in the presence of the previ-
ously mentioned risks for the early detection of
aseptic necrosis due to COVID-19 [45].

Diagnostics of aseptic necrosis in COVID-19
Survivors

Zhao et al. demonstrated that MRI is recom-
mended at months 3, 6, and 12 after the end of
glucocorticoid intake [46]. Others also pointed
out this time interval between the intake of cor-
ticosteroids and the development of aseptic ne-
crosis of the femoral head [47]. A retrospective
study of patients who recovered from COVID-19
detected osteonecrosis (21 of 23 patients) using
MRI 3 months after completion of treatment, al-
though the examination was also performed at
an earlier time [48].

Besides MRI diagnostics, scientists have been
searching for new predictors of the disease. For
example, PAI-1 decrease is a sensitive method
for screening patients at high risk of osteonecro-
sis [49]. In addition, B. Wei and W. Wei suggested
the use of microRNA 423-5p as a biomarker in
which the blood level is significantly increased
in patients with steroid-induced osteonecrosis.
Moreover, laboratory parameters of the coagulo-
gram in most cases have been noted to remain
within normal values [50].

Treatment of aseptic necrosis associated with
previous COVID-19 infection

Timely detection of aseptic necrosis due to
COVID-19 and its treatment with GCs reduces
the risk of progressing to its advanced stage,
which will inevitably lead to joint arthroplasty. In
addition, if osteonecrosis is diagnosed at an early
stage (I or II), then 92%-97% of patients will not
need surgical intervention [51], and conservative
treatment may result in recovery [52].
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As in the case of idiopathic osteonecrosis or
secondary osteonecrosis not associated with
COVID-19, treating the disease in its early stage
is mainly aimed at reducing pain, slowing down
the disease progression, preventing subchondral
bone collapse, and restoring the joint function.

Conservative treatment of early stages of
aseptic necrosis after COVID-19 enables to avoid
endoprosthetics which is fraught with a high risk
of aseptic instability in young and middle-aged
patients.

At present, no protocol for the treatment of
early-stage osteonecrosis following COVID-19
has been standardized. In clinical practice, phar-
macotherapy is usually combined with joint un-
loading, which has proven its efficiency particu-
larly in steroid-induced osteonecrosis [53]. The
joint is unloaded with the help of crutches for a
period of at least 3 months in case of localization
of the femoral head osteonecrosis, and in case of
localization in other bones, a cane and an ortho-
sis are used instead of crutches [54].

Agarwala et al.’s study on the successful use
of antiresorptive drugs, including glucocorti-
coid-induced osteonecrosis, to treat secondary
osteonecrosis in its early stages in adults [55]
reported the drugs’ ability to slow down the dis-
ease progression and reduce the need for surgical
intervention. In the United States, the American
Association of Hip and Knee Surgeons reported
that the proportion of bisphosphonates in the
treatment of femoral head osteonecrosis is 10%
[56]. Their aim was to reduce the intensity of re-
sorption both in the zone of osteonecrosis, re-
ducing the risk of subchondral bone collapse [57],
and in the surrounding bone tissue [58], given
the possibility of a generalized BMD deficiency
in COVID-19 patients [21]. However, from a legal
point of view, prescribing this group of drugs for
osteonecrosis can only be off-label because their
annotations do not indicate the possibility of
their use in this pathology.

Although alendronic acid 70 mg once a week is
considered a possible bisphosphonate for the entire
period of treatment of patients with aseptic necro-
sis [59], a disadvantage of oral bisphosphonates is
their low compliance. Hence, using intravenous
forms, primarily of zoledronic acid at a dose of 5
mg, given the frequency of administration (once a
year), is considered promising [60]. In addition to a
direct antiresorptive effect, which results in a de-

crease in bone tissue edema [61], intravenous bis-
phosphonates have a significant analgesic effect,
improving the quality of life of patients [60].

Because bisphosphonates are contraindicated
in patients with impaired nitrogen excretion by
the kidneys [62], denosumab is used at a dose of
60 mg twice a year as an antiresorptive drug for
aseptic necrosis [62].

However, a previous study noted that antire-
sorptive drugs should be simultaneously admin-
istered with calcium preparations at a dose of
500 to 1000 mg/day and cholecalciferol at a dose
of at least 1000 IU/day or alfacalcidol at a dose of
at least 0.5 to 0.75 pg/day [63].

Prescribing cholecalciferol during a pan-
demic is recommended to influence the course
of COVID-19. This decreases the severity of the
infection course and increases the survival rate
[64, 65], as shown by a slowdown in the rate of
viral replication, a decrease in proinflamma-
tory cytokine concentration, and an increase in
antiinflammatory cytokine concentration [64].
However, this mechanism of action of cholecal-
ciferol has a low evidence base. Observational and
clinical studies conducted on the effect of vita-
min D and the associated risk of respiratory tract
infections are contradictory, with some reporting
areduction in risk, whereas others do not [64, 66].
These conflicting results are probably due to the
heterogeneity of the patient population and vita-
min D dose. Therefore, conclusions on their pos-
sible impact on the course of COVID-19 should
only be drawn after the results of well-designed
vitamin D trials have been established.

In addition, the use of cholecalciferol and es-
pecially of alfacalcidol is important in the com-
plex therapy of osteonecrosis. A previous study
established that the serum concentration of 1.25
(OH) 2D3 (16.7 £ 7.9 mg/ml) is significantly lower
in patients with idiopathic femoral head oste-
onecrosis than in the control group (26.9 mg/ml)
+13.7 mg/ml) (p < 0.01) [64]. The authors consid-
ered this decrease as an adverse condition for the
development and progression of osteonecrosis.

Another reason for prescribing cholecalciferol
was the relationship between the osteonecrosis
development and low BMD [67], as cholecalcifer-
ol is currently used in combination with calcium
preparations as the basic therapy for maintaining
bone metabolism at low BMD values with prima-
ry and secondary osteoporosis [68].
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Considering the relationship between oste-
onecrosis and microcirculation disorders, dipy-
ridamole is used orally at a dose of 25 mg 3 times
a day for 3 weeks (as an inhibitor of platelet ag-
gregation and angioprotective agent) at day 1 of
osteonecrosis diagnosis [69]. Iloprost can also be
prescribed to reduce intraosseous pressure and
improve the microvasculature condition as its
efficiency in the treatment of osteonecrosis has
been previously noted [70]. However, because of
the high risk of a decrease in blood pressure, ilo-
prost infusion should be performed exclusively in
a hospital or outpatient setting in the presence of
a resuscitation team [71].

Anticoagulants, particularly sodium enoxapa-
rin, can be administered subcutaneously at a dose
of 4000 IU (0.4 ml) to 6000 IU (0.6 ml) per day
for 2 to 12 weeks if patients with osteonecrosis
present with hypercoagulation or hypofibrinoly-
sis. This is recommended in complex therapy to
prevent the disease progression at stages 1 to 2
of ARCO [72]. Because anticoagulants in tablets
showed a similar effect to subcutaneous drugs in
the treatment of COVID-19, their use (e.g., apixa-
ban at a dose of 2.5 mg 2 times a day for 12 weeks)
is considered no less effective [73].

Since physiotherapy can reduce the symptoms
of the disease in some cases [74], pulsed electro-
magnetic therapy, hyperbaric oxygen therapy,
ozone therapy, and extracorporeal shock wave
therapy can also be used in the complex treat-
ment of osteonecrosis. However, their efficacy in
the treatment of osteonecrosis due to COVID-19
requires further evaluation.

In a previously described conservative thera-
py, the focus of the affected area of the femoral
head can be tunneled (decompressed) in the ini-
tial stages to reduce pain and improve blood sup-

ply [75].

Conclusions

Recent studies have discussed two mecha-
nisms for the development of osteonecrosis
after COVID-19: the influence of GCs used to
treat the infection and the ability of SARS-
CoV-2 to impair bone metabolism. In the
latter case, osteonecrosis develops either
because of microthrombosis and bone tissue
malnutrition associated with the virus’s di-

rect damage on blood vessels or because of
the vascular wall inflammation in combina-
tion with an increase in blood coagulability
caused by an increase of proinflammatory cy-
tokines as an immune response to the infec-
tion. According to general opinion, perform-
ing dynamic MRI three to six months after
COVID-19 infection, in addition to searching
for new predictors of the disease, can help
decrease the incidence rate of osteonecrosis
and prevent the consequences due to late di-
agnosis (arthroplasty).
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