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Osteonecrosis in Patients Recovering from COVID-19:
Mechanisms, Diagnosis, and Treatment at Early-Stage Disease
(Review)
Alexander N. Torgashin, Svetlana S. Rodionova
National Medical Research Center for Traumatology and Orthopedics named after N.N. Priorov, Moscow, Russia
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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Остеонекроз у пациентов, перенесших COVID-19:
механизмы развития, диагностика, лечение на ранних стадиях
(обзор литературы)
А.Н. Торгашин, С.С. Родионова
ФГБУ «Национальный медицинский исследовательский центр травматологии и ортопедии им. Н.Н. Приорова»
Минздрава России, г. Москва, Россия
Актуальность. Асептический некроз костей (остеонекроз) как следствие перенесенного COVID-19 в условиях
продолжающейся пандемии все чаще становится причиной выраженного болевого синдрома в области крупных
суставов с нарушением их функции. Продолжается обсуждение патогенеза постковидного остеонекроза, возможности его выявления и лечения на ранних стадиях. Учитывая масштаб распространенности инфекции COVID-19
среди лиц молодого и трудоспособного возраста, выявление и лечение этой формы асептического некроза на
ранних стадиях имеет важное социальное и экономическое значение.
Материал и методы. Поиск литературы проведен в базах данных eLIBRARY, PubMed, Scopus. Глубина поиска — 10
лет. Отобраны публикации, касающиеся ранней диагностики и лечения асептического некроза после перенесенного COVID-19.
Результаты. Форму остеонекроза, развившегося после перенесенного COVID-19, в настоящее время следует
классифицировать по МКБ-10 как M87.3 – другой вторичный остеонекроз. В обзоре приводятся данные о возможных механизмах развития остеонекроза у пациентов, перенесших СОVID-19, обосновывается необходимость выполнения МРТ для раннего выявления патологии, приводятся результаты лечения, способного оказывать влияние
на оба механизма патогенеза и привести к обратному развитию процесса при условии начала лечения на ранней
стадии заболевания.
Заключение. Повышение осведомленности врачей о патогенезе, методах диагностики и лечения ранних стадий
позволит снизить риск развития запущенной стадии асептического некроза после перенесенного COVID-19, замедлит прогрессирование патологического процесса, отсрочит или даже предотвратит необходимость эндопротезирования суставов. Наша озабоченность основывается на продолжении пандемии и резко возросшей частоте асептического некроза после COVID-19, с одной стороны, и операций эндопротезирования у лиц молодого
и среднего возраста по поводу асептического некроза головки бедренной кости, с другой стороны.
Ключевые слова: асептический некроз суставов после COVID-19, остеонекроз, СОVID-19, глюкокортикоиды.
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Background

Methods

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 research 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 palpitations, chest pains, inability to think or concentrate (currently referred to as “brain fog”), the
rarer Guillain–Barre syndrome, pulmonary fibrosis, pulmonary thromboembolism, cardiomyopathy, 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 femoral head osteonecrosis within several months
after atypical pneumonia [7]. Other foci of osteonecrosis have also been detected in the condyles 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 currently being discussed regarding the pathogenesis of aseptic necrosis after a COVID-19 infection: 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 diagnose 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 conservative 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 various specialties who monitor patients who recovered 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.

We searched PubMed, Scopus, and eLIBRARY databases for articles using the keywords COVID-19,
osteonecrosis, and aseptic bone necrosis, with a
search depth of 10 years. We then selected articles concerning the early diagnostics and treatment of aseptic necrosis after COVID-19.
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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 pathogenesis 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 enzyme-2 (ACE2), which is expressed by endothelial cells in the lungs and in many other organs
and tissues, leading to vascular damage through
coagulopathy and extensive inflammatory syndrome [8]. Escher et al.’s study on a patient with
COVID-19 infection who had a significant increase in von Willebrand factor confirmed the
destruction of the vascular endothelium [9]. In
addition, after entering the body, SARS-CoV induces the expression of the TRIM55 ubiquitin ligase 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 abnormalities cause microthrombosis and bone osteonecrosis distal to the site of arterial obstruction [11].
Besides directly penetrating the vascular endothelium, 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 proinflammatory cytokines interferon-gamma (IFN-γ),
tumor necrosis factor (TNF), interleukin-1 (IL1), 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 immunopathological tissue damage and early proinflammatory response by suppressing the expression
of proinflammatory cytokines such as IL-1, IL-2,
IL-6, TNF-α, and IFN-γ and the migration of leukocytes to inflammation sites, preventing the development 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 intake 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 inflammation during the initial infection and the
subsequent early period of rehabilitation and recovery [5].
Depending on the medical institution, the frequency 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 atypical pneumonia during the SARS-Co-V epidemic.
Multicenter studies showed that early administration of dexamethasone reduced the duration
of artificial lung ventilation use and overall mortality 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 patients 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 considered a predisposing factor in the development of
avascular necrosis [25]. First, they affect the proliferation of mesenchymal stem cells by blocking
RUNX2, preventing the formation of preosteoblasts and the transition of preosteoblasts to
osteoblasts, consequently reducing the mature
osteoblast count and shifting metabolism toward
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the formation of adipocytes from the mesenchymal cells [26, 27]. Under the influence of GCs, apoptosis of osteoblasts and osteocytes increases,
and osteoclasts are activated because of their influence on the system of RANKL and DKK-1 signaling proteins [28].
The adverse effect of GCs on bone tissue is also
demonstrated in their participation in lipid metabolism. The accumulation of low-density lipoproteins and the formation of fatty emboli blocks
peripheral blood vessels leading to ischemic necrosis 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, exacerbating 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, norepinephrine, 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 plasminogen activator inhibitor-1 (PAI-1) antigen levels in plasma, resulting to an increased plasma
procoagulant potential and hypercoagulation
state [30].
Fu et al. revealed that the expression of microRNA 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 association of microRNA-17-5p (miR-17-5p) and miR210 with the pathogenesis of steroid-induced osteonecrosis of the femoral head (SANFH) [32, 33].
Moreover, GCs’ direct apoptosis of endothelial
cells and suppression of vascular collagen synthesis 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 development 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 progression (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 requires 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 methylprednisolone resulted in incidence rates of osteonecrosis
of 0%, 42%, 70%, and 96%, respectively [39].
Another study on the clinical use of methylprednisolone demonstrated that a dose of 5 mg/
kg per day resulted in the development of osteonecrosis 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 glucocorticosteroids used in a retrospective study of 539
patients with acute respiratory syndrome also increased the incidence rate of osteonecrosis [42].
Zhao et al. noted a nonlinear relationship between the cumulative dose and osteonecrosis.
They found that when the total dose of methylprednisolone was below 5 g, the risk of osteonecrosis remained relatively low. However, increasing 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 (methylprednisolone 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. demonstrated that a dose of 700 mg prednisolone is the
threshold for the onset of the femoral head necrosis [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,
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an incidence rate of osteonecrosis of 1.29 (95% CI,
1.09–1.53; p = 0.003) for every 10 days of treatment was shown to indicate the importance of reducing 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 weighing 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 previously 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 recommended at months 3, 6, and 12 after the end of
glucocorticoid intake [46]. Others also pointed
out this time interval between the intake of corticosteroids and the development of aseptic necrosis 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, although 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 osteonecrosis [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 coagulogram 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, pharmacotherapy is usually combined with joint unloading, which has proven its efficiency particularly 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 orthosis are used instead of crutches [54].
Agarwala et al.’s study on the successful use
of antiresorptive drugs, including glucocorticoid-induced osteonecrosis, to treat secondary
osteonecrosis in its early stages in adults [55]
reported the drugs’ ability to slow down the disease 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 resorption both in the zone of osteonecrosis, reducing 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 necrosis [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 de133
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crease in bone tissue edema [61], intravenous bisphosphonates 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 antiresorptive drugs should be simultaneously administered 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 µg/day [63].
Prescribing cholecalciferol during a pandemic 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 proinflammatory cytokine concentration, and an increase in
antiinflammatory cytokine concentration [64].
However, this mechanism of action of cholecalciferol has a low evidence base. Observational and
clinical studies conducted on the effect of vitamin D and the associated risk of respiratory tract
infections are contradictory, with some reporting
a reduction in risk, whereas others do not [64, 66].
These conflicting results are probably due to the
heterogeneity of the patient population and vitamin D dose. Therefore, conclusions on their possible 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 especially of alfacalcidol is important in the complex 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 osteonecrosis than in the control group (26.9 mg/ml)
± 13.7 mg/ml) (p < 0.01) [64]. The authors considered 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 cholecalciferol is currently used in combination with calcium
preparations as the basic therapy for maintaining
bone metabolism at low BMD values with primary and secondary osteoporosis [68].
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Considering the relationship between osteonecrosis and microcirculation disorders, dipyridamole is used orally at a dose of 25 mg 3 times
a day for 3 weeks (as an inhibitor of platelet aggregation 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, iloprost infusion should be performed exclusively in
a hospital or outpatient setting in the presence of
a resuscitation team [71].
Anticoagulants, particularly sodium enoxaparin, 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 hypofibrinolysis. 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., apixaban 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 electromagnetic therapy, hyperbaric oxygen therapy,
ozone therapy, and extracorporeal shock wave
therapy can also be used in the complex treatment of osteonecrosis. However, their efficacy in
the treatment of osteonecrosis due to COVID-19
requires further evaluation.
In a previously described conservative therapy, the focus of the affected area of the femoral
head can be tunneled (decompressed) in the initial stages to reduce pain and improve blood supply [75].

Conclusions
Recent studies have discussed two mechanisms for the development of osteonecrosis
after COVID-19: the influence of GCs used to
treat the infection and the ability of SARSCoV-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-
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rect damage on blood vessels or because of
the vascular wall inflammation in combination with an increase in blood coagulability
caused by an increase of proinflammatory cytokines as an immune response to the infection. According to general opinion, performing 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 diagnosis (arthroplasty).
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