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a b s t r a c t 

Recovery from COVID-19 is not always uneventful, especially in critically ill hospitalized patients. Persis- 

tent symptoms including fatigue/ weakness, shortness of breath, anxiety, and depression have been de- 

scribed at one-year follow-up. Furthermore, symptoms from the musculoskeletal system like joint pain or 

stiffness are underreported in studies with long-term follow-up of up to one year. Infection with SARS- 

CoV-2 itself has been associated with endothelial damage, and together with high-dose corticosteroid 

treatment, it is predisposed to the dissemination of microthrombi and the development of femoral head 

osteonecrosis (FHOn), as it has been shown during the previous (20 03–20 04) coronavirus outbreaks. A 

resurgence of FHOn cases is anticipated but this is not reflected in the existing studies with long-term 

follow-up. Prompt diagnosis is critical for early treatment and possibly for the hip joint preservation. 

Patients with COVID-19 treated with corticosteroids should be screened for avascular necrosis early af- 

ter discharge from the hospital. Every healthcare worker involved in the management of these patients 

should maintain a high level of suspicion and should be alert when patients report symptoms such as 

vague aches at the buttocks, hip area, adductors, and/or above the knee. Studies are needed to identify 

risk factors for FHOn including disease severity, type of steroid, cumulative dose, and duration of treat- 

ment. 

© 2022 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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The immense burden of the COVID-19 pandemic has globally 

hallenged the healthcare delivery and the healthcare system re- 

erves. It is important that the postacute sequelae of SARS-CoV-2 

nfection (PASC) and complications of the disease and the thera- 

eutic interventions in millions of patients worldwide are inten- 

ively studied and monitored. 

Few studies have reported PASC after infection with SARS-CoV- 

. Darcis et al (2021) reported improvement in radiographic imag- 

ng and pulmonary functional tests but persistence of symptoms 

fter six months. The most prevalent symptoms were shortness of 

reath and fatigue. Fatigue and memory impairment were unex- 

ectedly increased over time. There was a trend for association be- 

ween diffusion capacity of carbon monoxide and persistent symp- 

oms. In another study, Huang et al reported a wide range of lesser 

nown PASC in COVID-19 survivors one year after discharge from 
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he hospital ( Huang et al., 2021 ). Again, dyspnea, anxiety, and de- 

ression increased in prevalence at one year. Female sex and cor- 

icosteroid therapy at the acute phase were risk factors for fatigue 

r muscle weakness, with more prevalent mobility or discomfort 

roblems than in the matched controls ( Huang et al., 2021 ). 

Reporting PASC regarding the musculoskeletal system, how- 

ver, is inconsistent and variable. Fatigue and muscle weakness 

re some of the most common persistent long-term symptoms 

nd are probably associated with lung diffusion capacity in- 

ury, viral myositis, or steroids myopathy ( Huang et al., 2021 ; 

sai et al., 2004 ). Other symptoms such as mobility and discom- 

ort problems, joint pain, and stiffness are not systematically in- 

estigated and reported. Huang et al reported a 12% incidence 

f joint pain and 4% of myalgia. In addition, 9% of the patients 

ad mobility problems ( Huang et al., 2021 ). Generally, the im- 

act of SARS-CoV-2 infection and the combined therapeutic in- 

erventions on the skeletal system have not been thoroughly in- 

estigated as part of the follow-up protocol in most long-term 

tudies. More specifically, there is no report of the incidence of 

emoral head osteonecrosis (FHOn) or other necrotic lesions of the 
keleton. 
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Fig. 1. MRI of the left hip of a 67-year-old patient. The patient had severe SARS-CoV-2 infection and received 3400 mgr of prednisolone during hospital admission. He 

presented with hip pain after 8 months of COVID-19. T2W MRI sequence demonstrates the pathognomonic double-line sign of FHOn. 

Fig. 2. Preoperative radiograph. Collapse of the femoral head and mild arthritic 

changes of the hip joint are shown. 

Fig. 3. Postoperative radiograph depicting total hip arthroplasty of the left hip. 
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In hundreds of thousands of patients globally, the systemic 

orticosteroids have been extensively used at the early stages 

f the disease in variable dosages and treatment durations 

 Agarwala et al., 2021 ; Mont et al., 2015 ; Zhao et al., 2021 ).

ompared with usual care or placebo, they have been associ- 

ted with lower 28-day all-cause mortality of critically ill patients 

 Huang et al., 2021 ). In the study by Huang et al (2021) , 48% of

he hospitalized COVID-19 survivors received corticosteroid ther- 

py. By large-scale use of life-saving corticosteroids in COVID-19 

ases, we anticipate that there will be a resurgence of cases in 

he femoral head and/or other joints of the skeleton ( Mont et al., 

015 ) ( Figs. 1 , 2 , and 3 ). It is estimated that a cumulative dose
12 
f 20 0 0 mg of prednisolone or equivalent is associated with in- 

reased risk of FHOn ( Jones, 2001 ). This varies with daily admin- 

stered dose, type of steroid, maximum dose, and underlying dis- 

ase ( Powell et al., 2010 ). The minimum dose for FHOn devel- 

pment is approximately 700 mgr of prednisolone or equivalent 

 Anderton and Helm, 1982 ). A duration of at least six months to 

ne year is needed after corticosteroid treatment before FHOn de- 

elop symptoms ( McKee et al., 2001 ). Corticosteroids may induce 

steonecrosis (ON), mainly through altering the lipid metabolism 

esulting in fat accumulation in the bone marrow and enlargement 

f fat cells with subsequently increased intramedullary pressure. 

urthermore, by decreasing the blood supply at the femoral head 

hrough fat embolism and microthrombosis and by corticosteroid- 

nduced apoptosis of the osteocytes, corticosteroids may cause ON 

 Wang et al., 2018 ). 

In the case of COVID-19, the “thrombo-inflammatory cascade”

auses endothelial injury and predisposes to microthrombosis. The 

ypercoagulability state of SARS-CoV-2 infection is also considered 

 risk factor for ON ( Mehta et al., 2020 ). In addition, other treat-

ents studied during the early phase of the pandemic such as the 

ntivirals ritonavir and lopinavir may trigger FHOn ( Patel et al., 

021 ). 

Observational studies of patients treated with corticosteroids 

or SARS-1 epidemic in 2003 reported FHOn and/or major joints, 

s early as four months from the infection, ranging from 24%–

1%, when the patients were followed up to three and even to 

even years ( Guo et al., 2014 ; Hong and Du, 2004 ; Hui et al.,

009 ; Zhao et al., 2010 ; Zhao et al., 2013 ). FHOn was confirmed

y MRI, which is considered the method of choice for early-stage 

iagnosis. The mean total steroid dose varied from 4904–4117 mg 

f prednisone or equivalent, and higher doses were associated 

ith increased risk for ON ( Guo et al., 2014 ). In some cases, bi-

ateral FHOn was noted. Besides femoral head, other sites were 

lso affected, including the shoulder, knee, and ankle ( Guo et al., 

014 ; Hong and Du, 2004 ; Hui et al., 2009 ; Zhao et al., 2010 ;

hao et al., 2013 ). The natural history of these necrotic bone le- 

ions at the weight bearing areas of the joints involves the pro- 

ression to articular surface collapse, painful and restricted range 

f motion, and nonreversible joint destruction ( Zhao et al., 2010 ; 

hao et al., 2013 ). In a recent review, it was reported that the 

ime interval between corticosteroid treatment and FHOn onset 

as shorter in patients with COVID-19 than those without COVID- 

9, and in some cases, FHOn develops without corticosteroid treat- 

ent ( Shetty, 2021 ). The precise cumulative corticosteroids dose 

nd/or duration of therapy for developing FHOn cannot be esti- 

ated in SARS-CoV-2 infection, but higher dose, longer duration, 

evere COVID-19 pneumonia, intensive care unit admission, ele- 

ated inflammatory serum markers, and personal history of smok- 

ng or excessive alcohol consumption have been postulated as po- 

ential risk factors ( Shetty, 2021 ). However, no observational co- 

ort study has been published regarding COVID-19 and FHOn 

ncidence. 
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When assessing PASC, especially in patients treated with a 

igh dose of corticosteroids, it is crucial to maintain a high in- 

ex of suspicion for the development of the initially asymptomatic 

which could last for several months but potentially evolving to 

ollapse) infarcts at the femoral head, knees, shoulders, and/or 

alus ( Krez et al., 2021 ; Zhang et al., 2021 ; Zhao et al., 2010 ).

lose follow-up with MRI screening of the hips and all major joints 

hould be conducted in the first 3–4 months after discharge for 

arly detection of the lesions, before the collapse of the necrotic 

one. Upon diagnosis, prompt intervention might save the native 

oint and avoid an undesirable total joint replacement in young 

atients. All specialties involved in management of patients with 

OVID-19 should be aware of this potential serious consequence 

f the disease and its treatment. In addition, mobility problems 

aused by fatigue or muscle weakness should be promptly man- 

ged to avoid any decline in quality of life of patients with COVID- 

9. 

Furthermore, future studies of long-term follow-up of patients 

ith SARS-CoV-2 infection should include in their methodology 

he reporting of musculoskeletal symptoms and especially, the in- 

idence of FHOn. In addition, these studies could help determine 

he predisposing factors that are associated with FHOn develop- 

ent, including the cumulative dose of corticosteroids, type and 

oute of corticosteroid administration, duration of therapy, disease 

everity, inflammatory biomarkers, and other yet unknown risk 

actors. 
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