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Abstract
Background  A combination of immune-mediated vascular damage and routine use of systemic corticosteroid (CS) therapy 
in COVID-19 may significantly increase the risk and burden of osteonecrosis (ON) after COVID-19. This narrative review 
explores the pathogenesis, risk factors, and possible preventive and early treatment measures for ON in COVID-19.
Methods  For this narrative review, an extensive literature search was performed using the PubMed, Medline, and Science 
Direct databases from January 2000 to August 2021 for relevant articles on etiopathogenesis, epidemiology, clinical mani-
festations, and treatment of severe acute respiratory syndrome coronavirus (SARS-CoV) infection and steroid-induced ON 
(SION).
Results  Pathogenesis of COVID-19, utility of corticosteroids in the treatment of COVID-19, pathogenesis of SION vis-a-vis 
SARS-CoV infection, associated risk factors, and early diagnosis and treatment of ON following CS therapy of SARS-CoV 
infection were discussed.
Conclusion  Preliminary data of COVID-19 and similar trends from the SARS 2003 epidemic indicate that the “angiocentric” 
pathogenesis of SARS-CoV-2 and treatment with high-dose CS may increase the risk of ON in COVID-19 patients. Risk 
stratification based on CS intake during COVID-19 treatment can help identify subjects at moderate to high-risk for ON 
where early preventive and follow-up plans can be initiated.
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Introduction

As of 31 August 2021, there were over 216.8 million con-
firmed cases of the severe acute respiratory syndrome 
coronavirus-2 (SARS-CoV-2) infection with over 4.5 mil-
lion deaths globally due to the coronavirus disease 2019 
(COVID-19) pandemic [1]. Currently, with subsequent 
waves of pandemic occurring in several countries, COVID-
19 may become endemic around the globe due to virus muta-
tion and “immune escape”, variations in immunity among 
populations, and uneven vaccine distribution [2].

Apart from a variety of symptoms, COVID-19 can cause 
musculoskeletal symptoms which include fatigue, myalgia, 

and arthralgia during the initial phase of the illness and 
myositis and rhabdomyolysis with severe illness [3, 4]. 
Clinical presentations of COVID-19 have been attributed to 
an immune-mediated vascular disease causing micro- and 
microvascular endothelial damage and hypercoagulability 
[5–8]. Systemic corticosteroid (CS) therapy is frequently 
administered to hospitalised patients with severe or critical 
COVID-19 and has been reported to improve survival and 
shorten the duration of hospitalisation [9–11]. Despite lack 
of clinical benefits and potential harmful effects when used 
in the early phase of COVID-19, CS therapy has also been 
widely used in non-critically ill patients with mild or moder-
ate COVID-19 [12–14].

Steroid-induced osteonecrosis of the femoral head 
(ONFH) is responsible for up to 47.4% of all patients diag-
nosed with non-traumatic ONFH [15, 16]. The risk of 
steroid-induced ON (SION) depends on the cumulative and 
maximum dose and the underlying disease state [15, 17, 18], 
and may occur even with low doses, especially in the pres-
ence of co-morbidities such as diabetes [19, 20]. Although 
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the occurrence of SION following treatment of severe acute 
respiratory syndrome (SARS) during the SARS 2003 epi-
demic has been well reported [21–29], few have called for 
attention regarding ON following COVID-19 [30–32].

Although the prevalence of ON in COVID-19 is unknown 
and may take time to reveal itself, it is crucial to understand 
the pathogenesis and risk factors for ON as a consequence of 
COVID-19 and its treatment. Furthermore, there is an urgent 
need to identify preventive and early diagnostic and treatment 
measures in COVID-19 patients to avert a possible epidemic 
of ON which may occur in the coming years. Hence this nar-
rative review explores the pathogenesis, risk factors, and pos-
sible prevention and early treatment of ON in COVID-19.

Literature Search

This narrative review aimed to look at current knowledge 
about the pathogenesis of the COVID-19, utility of corti-
costeroids in the treatment of COVID-19, pathogenesis of 
SION vis-à-vis SARS-CoV infection (COVID-19 and SARS 
2003), and the associated risk factors, early diagnosis and 
treatment of ON following CS therapy of SARS-CoV infec-
tion. An extensive literature search was performed using the 
PubMed, Medline, and Science Direct databases from Janu-
ary 2000 to August 2021. The search terms used included 
“SARS” OR “COVID-19” OR “coronavirus” OR “severe 
acute respiratory syndrome coronavirus 2”, and “steroid” 
OR “corticosteroid” OR “glucocorticoid” OR “treatment”, 
and “necrosis of the femoral head” OR “osteonecrosis” OR 
“avascular necrosis” OR “steroid-induced osteonecrosis”, 
and “pathogenesis” OR “etiology”. The inclusion criteria 
were all cohort and case–control studies, case series, case 
reports, review articles, and letters to the editor related to 
etiology, epidemiology, pathogenesis, clinical manifesta-
tions, or treatment of the SARS-CoV infection and SION. 
The exclusion criteria were non-English language articles 
and articles which were not peer-reviewed. Although arti-
cles published in the past 21 years were primarily selected, 
commonly referenced or cited older publications, especially 
related to SION, were also included for this review. In addi-
tion, the reference lists of articles identified by this search 
strategy were also manually searched and relevant articles 
were used. The etiology, epidemiology, pathogenesis, clini-
cal manifestations, and treatment were reviewed from rel-
evant articles related to COVID-19, SARS 2003, and SION 
obtained from the literature search.

“Angiocentric” Pathogenesis of COVID‑19

The SARS-CoV-2 can directly infect endothelial cells using 
the angiotensin converting enzyme 2 (ACE2) receptor causing 
immune-mediated endothelial damage [5–8, 33–36]. Several 
researchers have proposed this “angiocentric” inflamma-
tion, and the ensuing endothelial dysfunction as central to 
the pathogenesis of COVID-19 [5–8, 33–36]. Furthermore, 
SARS-CoV-2 elicits a severe immune response leading to 
activation of the coagulation cascade and hypercoagulability 
[6, 7, 33–36]. The vascular changes in COVID-19 include 
endothilialitis, vascular narrowing and disruption, throm-
botic microangiopathy, capillary dysfunction, and poor tissue 
oxygenation [6, 7, 33–36]. This combination of a hyperin-
flammatory and hypercoagulable state leads to widespread 
breakdown of vascular function in COVID-19 [6, 7, 33–36]. 
Prolonged vascular inflammation seen in COVID-19 may lead 
to increased vascular stiffness, accelerated vascular ageing, 
and increased long-term risk of cardiovascular disease [37, 
38]. Furthermore, drugs such as hydroxychloroquine, azithro-
mycin, and lopinavir used in treatment of COVID-19, can 
compromise cardiac function, especially in subjects with pre-
existing cardiovascular disease [39, 40]. Figure 1 outlines the 
pathogenesis of ON in COVID-19 through different pathways.

Although it primarily affects the lungs, extra-pulmonary 
manifestations are frequently seen in COVID-19 [41]. This 
could be due to the presence of ACE2 receptors in several 
extra-pulmonary tissues which may cause direct viral tis-
sue damage, endothelial damage, and dysregulation of local 
immune responses [5, 41, 42]. The ACE2 receptor is locally 
expressed in skeletal muscles and bone marrow-derived 
stem/progenitor cells (BMSPCs) [43–45], and their target-
ing by SARS-CoV-2, may lead to sarcopenia, reduced muscle 
strength, altered skeletal repair, and anaphasic bone loss [43, 
45–47]. The pathogenesis and progression of non-traumatic 
ON is multifactorial and involves a combination of vari-
ous mechanisms such as hypercoagulability, suppression of 
angiogenesis, hyperadipogenesis, altered bone remodelling, 
and genetic predisposition [48–52]. Hence, the macro- and 
microvascular changes and tissue damage caused by SARS-
CoV-2 infection may increase the risk of ON after COVID-19. 
Although the vascular pathogenesis of ON after COVID-19 
has not been investigated, a recent study reported significant 
vascular alteration in lower limbs with higher arterial stiffness, 
impaired femoral artery function, reduced ability of smaller 
arterioles to dilate with limb movements, and reactive hyper-
emia among young adults tested positive for SARS-CoV-2 
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compared with healthy controls [53]. Similarly, patients with 
severe SARS-CoV-2 infection have been reported to have 
proximal lower-extremity arterial thrombosis characterized 
by a higher clot burden on CT angiography and a worse prog-
nosis when compared to SARS-CoV-2 negative patients [54].

Corticosteroids in COVID‑19 Treatment

Systemic CS such as dexamethasone (DX) and methylpred-
nisolone (MPS) are frequently used in the treatment of hos-
pitalised and critically ill COVID-19 patients to alleviate 
“cytokine storm” [13], and to reduce the need for mechanical 
ventilation, duration of hospitalisation, and mortality [9–11]. 
Furthermore, critically ill patients with severe COVID-19 
may have an associated adrenal insufficiency which may 
require CS treatment [46]. Cano et al. [10] reported that 
CS was administered in 51.3% of ICU patients, in 35.3% 
of mechanically ventilated patients, and in 40% with severe 
COVID-19. Although the dosage and duration of systemic 
CS therapy in COVID-19 is still evolving, the standard prac-
tice is to administer intravenous (IV) DX 6 mg once a day 
for 10 days or IV MPS 0.5–2 mg/kg per day tapered over 
15 days [9–11].

Despite greater risk of adverse events, delayed viral 
shedding, and mortality, when compared to standard 
doses [55–58], high doses of CS (up to 20 mg/day DX or 
250–1000 mg/day MPS) as short pulse therapy or for longer 
duration (over 2–3 weeks) have been used in patients with 

severe COVID-19 pneumonia or acute respiratory distress 
syndrome (ARDS) [59, 60], in critically ill patients [61], 
and to prevent severe hypoxia in low resource settings [62]. 
Furthermore, CS therapy can cause significant systemic met-
abolic effects such as hyperglycemia, hyperlipidemia, and 
hypertension, reduced bone matrix formation, and increased 
bone resorption [63].

SION have been reported to occur with moderate doses 
administered over a long duration (> 20 mg/day of pred-
nisolone) [64, 65], or with high doses (1-2gm/day) over a 
short duration [17, 66]. Studies have analysed the incidence 
of ON after CS treatment following the SARS 2003 epi-
demic [21]. Zhao et al. [21] in a meta-analysis of patients 
with SARS 2003, reported a SION prevalence of 26.6% 
(303/1137 patients) at a mean follow-up of 15.1 months 
(2.5–90 months), and that higher cumulative dose (relative 
risk of 1.57 per 5 g increase) and longer treatment duration 
(relative risk of 1.29 for each 10-day increment) increased 
the risk of SION. Furthermore, a peak dose of > 200 mg or a 
cumulative dose of > 4000 mg of MPS may increase the risk 
of multifocal (epiphyseal and diaphyseal) ON lesions [67].

The pathogenesis of SION is complex and multifacto-
rial. Corticosteroids diminish local perfusion by induc-
ing microvascular thrombosis and increasing intraosseous 
pressure by promoting intramedullary adipogenesis which 
causes arterial obstruction and venous stasis [15, 40, 68]. 
Corticosteroids also cause an imbalance in bone resorption 
and repair by decreasing osteoblast production, increasing 
osteocyte apoptosis, and prolonging osteoclast lifespan [15, 

Fig. 1   Pathogenesis of osteonecrosis in COVID-19 through different 
pathways. COVID-19—coronavirus disease 2019; SARS-CoV-2—
severe acute respiratory syndrome coronavirus-2; CS—corticosteroid; 

VGEF—vascular endothelial growth factor; BMSC—bone marrow 
stem cell; BM—bone matrix
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40] (Fig. 1). The presence of co-morbidities such as alcohol 
consumption [69], smoking [70], cardiovascular or cerebro-
vascular disease [71], may further accentuate the effect of 
CS in causing ON.

Risk Factors for ON in COVID‑19

Data are currently lacking on the relationship between 
cumulative CS dosage and ON after COVID-19. However, 
analysis of clinical studies which reported ON following 
CS therapy for SARS 2003 indicated an ON prevalence 
rate of 5–57.7% and the association of higher cumulative 
CS dose and longer duration of CS therapy with greater 
risk of ON (Table 2). A meta-analysis of patients from the 
SARS 2003 epidemic, reported that a higher cumulative 
dose (> 5000 mg MPS-equivalent dose) and longer treat-
ment duration (> 10 days) increased the risk of SION [21]. 
A recent review article by Zhang et al. [30] analysed the risk 
of ONFH with CS treatment of COVID-19 by juxtaposing 
it with the experience and lessons learned from CS therapy 
used during the SARS 2003 epidemic. Based on data derived 
from the SARS 2003 epidemic, the authors suggested that 
a cumulative dose of < 5000 mg of MPS may be relatively 
safe and the risk of ON increased with increasing cumulative 
doses, with the highest risk when the total dose was about 

10,000–15,000 mg of MPS [30]. However, a recent case 
series of three patients who developed ONFH after COVID-
19 [32], reported a lower mean cumulative dose of 758 mg 
(400–1250 mg) MPS in their patients, which was less than 
the mean cumulative dose of around 2000 mg documented in 
the literature as causative for SION [64, 66], and for ONFH 
following the SARS 2003 disease (Table 2).

Although patients with COVID-19 who received higher 
cumulative dose and longer duration of CS may be at greater 
risk for ON, it may not be possible to know the actual dosage 
and duration of CS treatment in every patient. Hence patient 
history about clinical course of COVID-19 may provide 
important clues regarding higher dosage and longer dura-
tion of CS treatment and help identify “COVID-related” risk 
factors (Table 1). These include severe organised COVID-
19 pneumonia, moderate to severe ARDS, and significantly 
elevated serum markers where high dose CS are frequently 
used [58, 59, 72]. Similarly, presence of co-morbidities may 
indicate pre-existing risk factors where even low dose CS 
may increase the risk of ON (Table 1).

A risk stratification system for SION in COVID-19 
patients has been proposed by Zhang and Zhang [31] to iden-
tify patients with low-risk (not received CS); moderate-risk 
(received cumulative dose of < 2000 mg CS for < 1 week); 
and high-risk (received cumulative dose of ≥ 2000 mg CS 
for ≥ 1 week or IV pulse ≥ 80 mg/day for at least 3 days). 

Table 1   Potential risk factors 
for osteonecrosis after COVID 
infection

COVID-19 coronavirus disease 2019, ARDS acute respiratory distress syndrome, ICU intensive care unit, 
IL interlukin, MPS methylprednisolone

COVID-related factors
 Cumulative dose of > 5000 mg MPS or equivalent 

corticosteroid
 Treatment duration with corticosteroids > 10 days
 Severe COVID-19 pneumonia
 Moderate and severe ARDS
 ICU admission
 Mechanical ventilation support
 Elevated serum markers—IL-6 ≥ 40 pg/ml, Ferritin ≥ 300 ng/ml, Triglycerides ≥ 300 mg/L, 

D-dimer ≥ 1000 ng/ml
Pre-existing factors
 Excessive alcohol consumption
 Smoking
 Cardiovascular or cerebrovascular disease
 Rheumatoid or autoimmune disorders being treated with 

steroids
 Blood disorders—hemoglobinopathy, sickle-cell anemia, coagulopathy, myeloproliferative 

diseases, leukemia
 Tumours treated with chemotherapy or ionizing irradiation
 Metabolic or endocrine disorders—hypercholesterolemia, hypertriglyceridemia, Gaucher disease, 

hyperparathyroidism, Cushing’s disease
 Chronic renal disease
 Pregnancy
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However, pre-existing risk factors should be factored in 
for risk stratification of ON in COVID-19 patients as their 
existence may cause SION even in lower cumulative doses 
of CS. Furthermore, the inherent “angiocentric” nature of 
the COVID-19 disease and its effect on limb vascularity 
[53, 54], may increase the risk of ON even in patients who 
did not receive CS therapy for COVID-19. As more clini-
cal data become available in the coming years on the mid 
to long term effects of COVID-19, evidence will emerge if 
COVID-19 can increase the risk of ON even in the absence 
of CS therapy. Hence, this risk stratification system may 
need further modification and validation as more evidence 
emerges in the future.

Prevention, Early Diagnosis and Treatment 
of ON in COVID‑19

As part of prevention, judicious use of CS with a clear indi-
cation during COVID-19 treatment should be followed. A 
cumulative MPS-equivalent dose of < 5000 mg and course 
duration < 10 days may lower the risk of ON [21]. This 
cumulative dose and duration may have to be further reduced 
in subjects with pre-existing risk factors for ON. However, 
since CS therapy may be life-saving and can potentially 
reduce morbidity, caution is urged on withholding, with-
drawing, or using a suboptimal dose of CS therapy in criti-
cally ill patients with COVID-19 who might otherwise bene-
fit from it. Methods to effectively prevent the development of 
SION or progression of early disease are unclear with most 
studies performed on animal models [15]. Intermittent rather 
than continuous CS treatment with a “steroid holiday” [73], 
and addition of lipid-lowering statins and anti-coagulants 
with or without a vasodilator [74], may help reduce the risk 
of ON. Despite encouraging results in animal models [74, 
75], the efficacy of lipid lowering statins in preventing SION 
in human subjects is unclear [76]. However, anti-coagulants 
such as low-molecular weight heparin (LMWH) or enoxa-
parin may prevent onset and progression of SION [77–79]. 
Although anticoagulants are frequently administered in 
severe COVID-19 to prevent or treat thromboembolic com-
plications [80], there may be a need to continue standard 
thromboprophylaxis in high-risk patients to prevent ON.

Early diagnosis and timely treatment of ON is necessary 
as many patients who undergo CS treatment for COVID-19 
are young individuals in whom joint-salvaging treatment 
options for advanced disease are limited. Magnetic reso-
nance imaging (MRI) evidence of ON can develop within 
1 year after initiation of high dose CS therapy [21, 81, 82]. 
However, the interval between corticosteroid intake and 
development of symptomatic ON appears to be shorter 
(around 2–6 months) in patients with SARS-CoV infection 

(COVID-19 or SARS 2003 disease) (Table. 2), when com-
pared to the 6–12 months reported for non-SARS-CoV 
SION [64–67]. Hence it is important to remain vigilant for 
the possibility of development of ON during the first year in 
high-risk patients after COVID-19 treatment. Clinical symp-
toms appear much later than radiological changes in ONFH, 
and are often misdiagnosed as originating from the lumbar 
spine or the knee joint [21, 82]. Hence, regular hip monitor-
ing using MRI should be carried out in high-risk patients, 
at 3, 6, and 12 months after initiation of CS treatment for 
COVID-19 [82]. Apart from MRI, serum biomarkers such 
as serum apolipoprotein A-IV, human cartilage glycopro-
tein-39, interleukin 33, adiponectin, and antiphospholipid 
antibodies may be useful for early diagnosis of ON [83–85].

Early treatment of SION may help delay disease pro-
gression, reduce morbidity, and the risk for joint replace-
ment surgery in such patients. Intervention depends on 
the stage of disease and includes bisphosphonates (oral 
alendronate 70 mg weekly along with IV zoledronic acid 
5 mg annually) [32], or anticoagulants (low-molecular-
weight heparin 5000LXU subcutaneously, once daily for 
2 weeks every 6 months) with limited weight-bearing 
[78] for stage I disease, and simple core decompres-
sion for stage II disease [78]. Fu et al. [78], in a study of 
early diagnosis and treatment of 60 patients with ONFH 
reported no progression of disease in 76.3% of patients 
with stage I disease treated with LMWH and in 80% of 
patients with stage II disease treated with core decom-
pression at the end of 24 months. Zhao et al. [23], in 
an analysis of 38 symptomatic ON hips without collapse 
diagnosed at a mean 6.2 months after start of CS therapy 
for SARS 2003 disease and treated with impacted bone 
grafting through femoral neck window, reported femoral 
head collapse among 60.5% of these hips at the end of 
7 years (Table. 2). Wang et al. [28], in a case-series of 
four hips with ON following CS therapy for SARS 2003 
disease and treated with a combination of IV Lipo-pros-
taglandin E1 10 μg Bid for 4 weeks, enoxaparin 6000 IU 
H QD for 12 weeks, and oral alendronate 10 mg QD for 
1 year, reported slow progression of ONFH lesion from 
IC to IIB with no change in Harris hip score at the end 
of 14 years. Although literature is lacking on the results 
of early treatment of ON after COVID infection, a recent 
case series of three patients who developed ONFH after a 
mean 58 days post COVID-19 diagnosis, reported signifi-
cant improvement in pain after bisphosphonate therapy 
at a mean follow-up of 70 days [32]. Traditional Chi-
nese herbal medicines (e.g., Huo-Gu formula) given for 
6 months after the diagnosis of ONFH in SARS 2003 
patients have been reported to prevent femoral head col-
lapse, delay replacement surgery, and maintain physical 
function in the long term [86].
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Limitations

The pathophysiological mechanisms of ON in COVID-19, 
described in the current review, were derived from the 
pathogenesis of COVID-19 and SION related to SARS 
2003 previously described in the literature. Hence these 
need to be further validated with in vitro, in vivo, and 
clinical studies. As data on ON following COVID-19 dis-
ease are scarce, most articles used in this narrative review 
regarding prevalence, risk factors, early diagnosis, and 
treatment of ON were based on previous studies of the 
SARS 2003 epidemic. Hence, the consequences of CS 
therapy in patients with COVID-19 disease and the effect 
of early diagnosis and treatment of ON in COVID-19 need 
confirmation by future clinical studies. Despite these limi-
tations, this article is an early and much-needed attempt to 
understand the pathogenesis, risk factors, diagnosis, and 
treatment of ON as a consequence of COVID-19 and helps 
identify gaps in knowledge about this significant conse-
quence of COVID-19.

Recommendations

Clinical data from the SARS 2003 epidemic indicate a 
greater propensity to develop ON in patients after SARS-
CoV infection treated with CS. Hence, corticosteroids may 
have to be administered with caution, including minimiz-
ing dose and duration where feasible, and avoiding mul-
tiple types of CS for COVID-19 treatment. These include 
limiting cumulative MPS-equivalent dose to < 5000 mg 
and the total duration of CS therapy to < 10 days. With 
increasing number of studies being published on the effi-
cacy of various treatment methods for COVID-19, alter-
natives to CS to alleviate hyperinflammation, and reduce 
morbidity and mortality, with a better safety profile and 
reduced risk of ON, may need to be explored.

Based on a risk-stratification system for ON in COVID-
19, similar to the one recommended by Zhang and 
Zhang [31], moderate-risk (who received a cumulative 
dose of < 2000 mg CS for < 1 week) and high-risk (who 
received cumulative dose of ≥ 2000 mg CS for ≥ 1 week 
or IV pulse ≥ 80 mg/day for at least 3 days) subjects with 
COVID-19 disease may have to be prescribed specific 
preventive and follow-up plans on discharge [31]. These 
include pharmacological agents such as bisphosphonates, 
anticoagulants, and vasodilators which can be prescribed 
in moderate to high-risk subjects during COVID-19 treat-
ment and continued after discharge to prevent ON. Regular 

follow-up with MRI imaging (e.g., at 3, 6, and 12 months 
after initiation of CS treatment for COVID-19) during the 
first 1–3 years after COVID-19 can help in early detection 
of ON in moderate to high-risk patients. A combination of 
physical therapy and pharmacotherapy (bisphosphonates, 
anticoagulants, and vasodilators) can be used to delay pro-
gression of early stage ON.

Conclusions

With successive “waves” of the COVID-19 pandemic, 
patients infected with SARS-CoV-2 who receive CS 
treatment will increase substantially in the coming years. 
Preliminary data of COVID-19 and similar trends from 
the SARS 2003 epidemic indicate that the “angiocen-
tric” pathogenesis of SARS-CoV-2 and treatment with 
high-dose CS may increase the risk of ON in COVID-
19 patients. Hence, healthcare systems around the world 
may face a significant increase in ON cases among the 
general population in the near future. Risk stratification 
based on CS intake during COVID-19 treatment can help 
identify subjects at moderate to high risk for ON where 
early preventive and follow-up plans can be initiated. 
Evidence regarding musculoskeletal manifestations and 
long-term consequences of COVID-19 and its treatment 
with CS continue to evolve. It is currently based on obser-
vational studies, consensus statements, expert opinion, 
studies from the SARS 2003 epidemic and high-quality 
evidence is lacking. Moving ahead, research needs to 
focus on in vivo and clinical studies to determine the risk 
and pathogenesis of ON after COVID-19 and the efficacy 
of various preventive and treatment modalities in these 
patients.
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