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A Case Series
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The coronavirus disease-2019 (COVID-19) has adverse effects on various organs and systems. There are isolated reports 
concerning the development of osteonecrosis after COVID-19. These papers discuss the role of corticosteroids widely 
used in the treatment of COVID-19 in the development of osteonecrosis. This article presents clinical observations of 
four patients with bilateral osteonecrosis of the femoral heads after treatment with COVID-19. Prednisone doses in three 
patients were 4000 mg, 746 mg, and 533 mg. Corticosteroids were not used in one patient. Data showed that osteonecrosis 
in patients who underwent coronavirus developed in a shorter time compared with this pathology in patients without 
COVID-19. Two of four patients had a burdened family history (such as myocardial infarction, hypertension, and 
thrombosis). Hereditary vascular factors possibly played some roles in the genesis of the osteonecrosis of the femoral 
head in these patients. To understand the features of osteonecrosis development after COVID-19, further accumulation 
of evidence is necessary. Several synergistically influencing factors are important in the development of this disease after 
COVID-19.
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Остеонекроз головки бедренной кости после COVID-19:  
серия клинических наблюдений
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Известно, что COVID-19 оказывает неблагоприятное влияние на различные органы и системы организма челове-
ка. В доступной литературе имеются единичные сообщения, касающиеся развития остеонекроза после перене-
сенного COVID-19. В этих работах обсуждается роль широко используемых в лечении COVID-19 кортикостероидов  
в развитии остеонекроза. В нашей статье приводятся клинические наблюдения четырех пациентов с двусторонним 
остеонекрозом головок бедренных костей после лечения COVID-19. Дозы преднизолона у трех пациентов соста-
вили 4000 мг, 746 мг и 533 мг. У одной пациентки кортикостероиды не применялись. Наши данные показали, что 
остеонекроз у пациентов, перенесших COVID-19, развился в более короткие сроки по сравнению с этой патологией  
у пациентов без коронавирусной инфекции. У двух из четырех пациентов отмечен отягощенный семейный анамнез 
(инфаркт миокарда, гипертензия, тромбоз). Возможно, у них в генезе остеонекроза головки бедренной кости не-
которую роль сыграли наследственные сосудистые факторы. Для понимания особенностей развития остеонекроза 
после COVID-19 необходимо дальнейшее накопление фактических данных. Вероятно, на развитие заболевания си-
нергично воздействуют многие факторы, в том числе стероидный и ишемический.  
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Background
The novel coronavirus infection caused the pandemic 
that started in December 2019, and on January 30, 
2020, the World Health Organization (WHO) declared 
the outbreak of a new coronavirus infection an inter-
national public health emergency [1]. On February 11, 
2020, the International Committee on Taxonomy of 
Viruses named the new coronavirus severe acute res-
piratory syndrome coronavirus 2 (SARS-CoV-2), and 
the WHO named the disease coronavirus disease 2019 
(COVID-19). Owing to the rapid spread of infection 
worldwide and the high mortality, on March 11, 2020, 
WHO announced the start of the COVID-19 pandemic. 
SARS-CoV-2 has significantly surpassed SARS-CoV 
and MERS-CoV in terms of the number of infected and 
epidemic zones, as cases of the new coronavirus infec-
tion have now been recorded in 220 countries [2]. As 
of September 10, 2021, 223,022,538 COVID-19 cases 
were registered worldwide, including 4,602,882 lethal 
outcomes [3].

The studies have demonstrated that COVID-19 has 
adverse effects on various body systems and can lead 
to conditions such as pulmonary thromboembolism, 
cardiomyopathy, Guillain–Barré syndrome, pulmo-
nary fibrosis, nervous system dysfunction, etc. [4, 5, 
6]. The effects of COVID-19 can persist for weeks or 
even months [4, 7].

In 2020, to describe the protracted course of 
COVID-19 outcomes, the term “long COVID” (long-
term COVID) was proposed, which duration exceeds 
12 weeks [8]. Symptoms of long COVID-19 may include 
fatigue; air shortage sensation; depression and anxi-
ety; pain in the chest, joints, and muscles; and lack of 
concentration, which is denoted as “brain fog” [4].

According to Russian clinical guidelines for the 
treatment of COVID-19 from 2021, its treatment can be 
etiotropic, pathogenetic, and symptomatic. Antiviral 
drugs are used as etiotropic therapy. Pathogenetic 
therapy is prescribed mainly for hospitalized patients 
and includes anticoagulants because this disease has 
an increased risk of thrombosis, as well as immuno-
suppressants for the treatment of “cytokine storm” 

(blockers of cytokines and their receptors) [9]. In the 
acute phase of COVID-19, corticosteroids are used as 
life-saving agents [10].

Long-term and/or high-dose use of corticosteroids 
in clinical practice is known to be a factor predisposing 
to the development of osteonecrosis (steroid-induced 
necrosis), including that of the femoral head [11]. 
Moreover, coagulopathy and vascular factors, which 
are pathogenetic elements of thrombotic complica-
tions in severe COVID-19, are known to be significant 
in the genesis of the so-called femoral head idiopathic 
osteonecrosis [12, 13]. Herein, we present four clinical 
cases of patients with bilateral osteonecrosis of the 
femoral head after diagnosis of coronavirus infection, 
and the genesis of osteonecrosis appears debatable.

Clinical case 1
42-year-old man (patient 1) without an aggravated 
somatic and family history had come through a se-
vere COVID-19 with 80% lung damage. He was hos-
pitalized for 27 days. He received anticoagulants 
(enoxaparin 1.6 mL per day for the entire treatment 
period), favipiravir (antiviral drug, 3600 mg for 1 day, 
then 1600 mg for 6 days), and tocilizumab (400 mg 
once). Before the hospitalization, he received 18 mg 
of dexamethasone for 6 days. During inpatient treat-
ment, dexamethasone therapy was continued at a 
dosage of 20 mg daily, which was decreased to 4 mg 
upon discharge. During the illness period, the patient 
received a total of 600 mg of dexamethasone. After 
discharge from the hospital, the patient received 20 
mg of rivaroxaban per day for 1 month for thrombo-
sis prevention.

At 80 days after the disease onset, the patient noted 
severe pain in both hip joints (visual analog scale [VAS] 
8 points) and lower back and therefore experienced sig-
nificant difficulty in walking. Such symptoms were not-
ed by the patient for the first time in his life. According 
to magnetic resonance imaging (MRI) performed 120 
days after the COVID-19 onset, ARCO IIC bilateral 
osteonecrosis of the femoral heads was diagnosed on 
both sides (Fig. 1).

Fig. 1. MRI signs of bilateral femoral head osteonecrosis (ARCO IIC) in patient 1:  
a — axial view; b — frontal view

а b
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At 135 days after COVID-19 onset, bilateral de-
compression of the necrosis foci was performed with 
the administration of a bone marrow concentrate, and 
drug therapy with statins, taking into account the al-
leged steroid-induced necrosis, bisphosphonates, and 
anticoagulants was prescribed. At 3 months after the 
surgery, the patient noted an improvement in motor 
activity and a decrease in pain intensity (from 8 to 4 
points according to VAS). No significant improvement 
was noted in MRI.

Clinical case 2

In a 32-year-old man (patient 2), without an aggravated 
somatic and family history, the disease manifested it-
self with a rise in temperature to 38°C for 7 days. The 
patient independently took antipyretic drugs (par-
acetamol). Owing to his deteriorating condition, he 
consulted a doctor and was admitted where COVID-19 
was confirmed and 40% of lung damage was detected. 
During the hospitalization (8 days), he received antico-
agulants (enoxaparin 1.2 mL throughout the hospitali-
zation), triazaverin (antiviral drug, 750 mg per day for 
5 days), tocilizumab (400 mg once) and dexamethasone 
with the total dose of 100 mg. After hospital discharge, 

he received 15 mg of rivaroxaban per day for 1 month.
At 75 days after the disease onset, the patient com-

plained of severe pain in the hip and knee joints, hips, 
and lower back (VAS 8 points) and therefore was forced 
to use crutches when walking. He consulted a neurol-
ogist and was diagnosed with an intervertebral hernia 
in the lumbar spine. Conservative treatment was rec-
ommended for 4 weeks with nonsteroidal anti-inflam-
matory drugs, muscle relaxants, intravenous infusions 
with dexamethasone 4 mg in combination with 0.5% 
novocaine 50 mL three times, vitamin therapy, and 
physiotherapy. During the therapy, the patient’s con-
dition improved (a decrease in VAS to 4 points), and 
the patient refused to use crutches and changed them 
for a cane. During repeated examinations by a neu-
rologist, a hip joint pathology was suspected, which 
was confirmed by MRI that revealed ARCO IIC bilat-
eral necrosis of the femoral heads (Fig. 2).

Given the diagnosis of osteonecrosis of the femoral 
heads in the precollaptoid stage (ARCO IIC), the patient 
received drug therapy (anticoagulants and bisphospho-
nates), and surgery with decompression of necrosis foci 
was proposed, which the patient flatly refused. The pa-
tient did not visit for further follow-up examinations.

Fig. 2. MRI signs of bilateral femoral head osteonecrosis (ARCO IIC) in patient 2:  
a — axial view; b — frontal view

а b

Clinical cases 3 and 4

In cases 3 and 4, the patients, a 32-year-old woman 
(patient 3) and a 30-year-old woman (patient 4), are 
siblings. They had COVID-19 during the same period, 
after which both were diagnosed with bilateral oste-
onecrosis of the femoral heads. In our opinion, an im-
portant circumstance is an aggravated family history 
common to the sisters. Their father had a myocardial 
infarction at age 49 and currently has heart failure 
and grade III hypertension. The elder sister had acute 
phlebothrombosis of the lower extremities at age 41. 
Their mother has hypertension since age 37.

Both patients almost simultaneously had moder-
ate COVID-19. Patient 3 was hospitalized for 6 days 

with 25% lung lesion. Inpatient treatment included 
the antiviral drug favipiravir (2400 mg for 1 day, then 
1200 mg for 5 days), anticoagulants (enoxaparin 0.6 
mL for 6 days), and dexamethasone in a total dose of 
80 mg. After hospital discharge, the patient received 
15 mg of rivaroxaban per day for 1 month.

Patient 4 with a similar lesion of the lungs received 
outpatient treatment, which did not include corticos-
teroids (favipiravir 2400 mg for 1 day, then 1200 mg 
for 6 days, as well as rivaroxaban 10 mg for 30 days 
since disease onset).

In patient 3, 120 days after the disease onset, hip 
joint pain appeared, and bilateral osteonecrosis of the 
femoral heads was diagnosed, that is, ARCO IIIC on 
the left and ARCO IIB on the right (Fig. 3).
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Fig. 3. MRI signs of bilateral femoral head osteonecrosis in patient 3: left hip, ARCO IIIC stage; right hip, 
ARCO IIB stage; a — axial view; b — frontal view (an arrow shows the “crescent sign” that indicates the 
subchondral bone fracture)

а b

Fig. 4. MRI signs of bilateral femoral head osteonecrosis in patient 4:  
right hip, ARCO IIB stage; left hip, ARCO IIA stage; a — axial view; b — frontal view

а b

At 4 weeks after bilateral osteonecrosis was diag-
nosed, due to the subchondral fracture of the head of 
the left femur (ARCO IIIC), patient 3 underwent total 
arthroplasty of the left hip joint.

Patient 4, 180 days after COVID-19 onset, began 
experiencing lower back pain. MRI of the lumbosacral 
spine and hip joints was performed, which revealed bi-

lateral osteonecrosis of the femoral heads, with ARCO 
IIB on the right and ARCO IIA on the left (Fig. 4).

Patient 4 is under case follow-up and is receiv-
ing conservative treatment with anticoagulants and 
bisphosphonates; decompression of necrosis foci 
was planned. Data of all these cases are presented in 
Table 1.

Table 1 
Summary of clinical cases of patients with osteonecrosis of the femoral heads  

after COVID-19

Parameter
Case

1 2 3 4

Age, years 42 32 32 30

Aggravated family history (myocardial 
infarction, ischemic heart disease, thrombosis, 
hypertensive disease)

– – + +

Course of COVID-19 Severe Moderate Moderate Moderate

Total dose of dexamethasone/prednisolone, mg 600/4000 112/746 80/533 –

Period of necrosis development from COVID-19 
onset, days 80 75 120 180

Necrosis severity (ARCO) on the right/left ARCO IIC/
ARCO IIC

ARCO IIC/
ARCO IIC

ARCO IIB/
ARCO IIIC ARCO IIВ/ARCO IIA
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Discussion

Under modern conditions, studies that investigate the 
effect of COVID-19 on the course of human chronic 
diseases and development of de novo diseases are ex-
tremely relevant.

In 2021, we were contacted by four patients with 
osteonecrosis of the femoral heads after COVID-19. 
In this regard, we searched for similar clinical cases in 
PubMed databases using keywords and phrases COVID, 
coronavirus, AVN, avascular necrosis, osteonecrosis. Two 
publications were found. The first report focused on the 
effect of coronavirus and its treatment on the course 
of previously developed steroid-induced osteonecrosis 
[14]. The authors did not obtain convincing data on the 
negative influence of coronavirus on the progression 
of osteonecrosis. The second publication is a case re-
port and describes three clinical cases of patients with 
osteonecrosis of the femoral heads that developed af-
ter COVID-19 [15]. In this paper, the authors suggest 
steroid-induced necrosis in all three patients, despite 
the relatively low doses of hormones that they received 
during the treatment of COVID-19.

The pathogenesis of steroid-induced osteonecrosis 
is not fully understood, the mechanism of its develop-
ment is believed to include fat embolism, fat hyper-
trophy, hypercoagulation, endothelial dysfunction, 
etc. [16, 17, 18].

Currently, no clear data are available on the in-
take duration of corticosteroids and their dosage, 
which increase significantly the risk of osteonecro-
sis. According to Jones and Koopman, 2000 mg is the 
minimum total dose of prednisolone for the develop-
ment of osteonecrosis [19]. Other researchers believe 
that a lower dose of prednisolone, 700 mg, is sufficient 
for the development of osteonecrosis [20]. McKee et 
al. demonstrated that hormone dose sensitivity in 
different patients is very variable, as steroid-induced 
necrosis of the femoral head manifested clinically af-
ter taking prednisolone in doses from 290 to 3300 mg 
[21]. According to a meta-analysis by Mont et al., a 
prednisolone dose of more than 10,000 mg increases 
the risk of osteonecrosis by a factor of two in patients 
after organ transplantation [18].

In the present study, three of the four patients re-
ceived dexamethasone in the treatment of COVID-19 
at a cumulative dose of 600 mg, 112 mg, and 80 mg, 
corresponding to 4000 mg, 746 mg, and 533 mg of 
prednisolone. Considering the above literature data, 
steroid-induced osteonecrosis can be assumed in 
three of four patients with varying degrees of prob-
ability. The first clinical signs of osteonecrosis in our 
patients appeared 80, 75, 120, and 180 days after the 
start of medical treatment for COVID-19, including 
corticosteroids, except for patient 4.

As the prednisolone dose increases the risk of oste-
onecrosis, the duration of corticosteroid use is debated. 

Anderton and Helm present a clinical case of humeral 
head osteonecrosis that developed 2 years after the 
dexamethasone therapy [20]. According to McKee et 
al., the average period from a course of corticosteroids 
to the clinical manifestation of osteonecrosis is 16.6 
months. However, the authors note a significant varia-
bility in this period (from 6 to 33 months) [21]. A review 
of the literature on the pathogenesis of osteonecro-
sis revealed that osteonecrosis manifests within 6–12 
months after taking hormones [22, 23]. The authors of 
the only publication on post-COVID osteonecrosis in-
dicate an average period of its occurrence of 58 days 
(45–67 days) [15]. Our data, as well as those of Agarwala 
et al., indicate that the time of osteonecrosis develop-
ment after the onset of COVID-19 is significantly short-
er than the period of osteonecrosis development after 
a course of hormonal therapy in the pre-COVID era, as 
reported in the literature. This suggests that not only 
the use of corticosteroids but also other factors associ-
ated with COVID-19 and its treatment may influence 
the accelerated development of osteonecrosis.

Patients 3 and 4, who are sisters, should be dis-
cussed separately. Patient 3 received a small cumula-
tive dose of hormones (Table 1), whereas patient 4 did 
not receive corticosteroids. We assumed a different 
(nonsteroidal) genesis of the development of oste-
onecrosis of the femoral heads; therefore, their family 
history was carefully studied, which turned out to be 
extremely aggravated. The closest relatives of the pa-
tients aged <50 years had myocardial infarction, severe 
hypertension, and thrombosis; thus, family predisposi-
tion to vascular accidents was suspected in this fam-
ily. This appears very probable since in the last decade 
it has been established that genetically determined 
thrombophilia, coagulopathy, endothelial dysfunction, 
etc., play a certain role in the genesis of osteonecrosis 
[24, 25, 26, 27]. A contemporary systematic approach 
enabled to establish the presence of some gene poly-
morphisms common to vascular disorders of various 
localizations [28, 29]. Specifically, in our studies, the 
relationship of osteonecrosis with the polymorphism 
of the genes of factors V and XIII of the blood coagu-
lation system, methylenetetrahydrofolate reductase 
gene, and platelet integrin genes in the pathogenesis of 
non-traumatic osteonecrosis of the femoral head was 
previously proven [25, 26, 27]. For patients 3 and 4, it is 
reasonable to assume that COVID-19 provoked and/or 
accelerated the implementation of a genetic predispo-
sition to vascular disorders.

Nowadays, it is certainly anticipatorily to conclude 
that osteonecrosis developed after COVID-19. The 
disease development is probably synergistically af-
fected by many factors, including steroids and isch-
emia. In the future, the accumulation of information 
about such patients will help form a reasonable opin-
ion on this issue.
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