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SUMMARY
COVID-19 infection affects different organ systems
with long-term sequelae, which has been termed
as long COVID-19 syndrome. To the best of our
knowledge, osteonecrosis of the knee as a part of
long COVID-19 syndrome has not been documented.
Corticosteroids are being used extensively in moderate
and severe cases of COVID-19. We report two cases
who developed osteonecrosis of the knee after being
treated for COVID-19 infection. In our case series, the
mean cumulative dose of prednisolone was 1156.5 mg
(900–1413 mg), which is less than the cumulative dose
reported in literature for osteonecrosis of the knee. In
our case series, the patients developed symptomatic
osteonecrosis at a mean interval of 73 days after
initiation of steroid therapy, with the earliest presenting
at 25 days. Early diagnosis of osteonecrosis of the knee
on high clinical suspicion by MRI would help in early
intervention with bisphosphonate therapy.

BACKGROUND
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The ongoing COVID-
19 pandemic is caused by
the novel SARS-CoV-2 virus. Increasing evidence
suggests that COVID-
19 affects multiple organ
systems such as respiratory, cardiac, gastrointestinal and musculoskeletal systems as a part of ‘long
COVID-19’ syndrome. Long-COVID-19 syndrome
is a term used to describe the long-term effects of
COVID-
19 infection, including ongoing symptomatic COVID-19 infection (from 4 weeks to 12
weeks) and post-COVID-19 syndrome (≥12 weeks)
after the onset of COVID-19 infection.1 Symptoms
of long-COVID include fatigue, palpitations, chest
tightness, cognitive impairment or ‘brain fog’, dizziness, peripheral neuropathy, nausea, diarrhoea,
joint and muscle pains, tinnitus, skin rashes, etc.2
Given the short history of the pandemic, the long-
term complications of COVID-19 infection are yet
to be studied.
Even though many drugs have been tried to treat
COVID-
19 infection, corticosteroids have been
proven to be life-saving. However, corticosteroids
have been shown to be a predisposing factor for
developing avascular necrosis (AVN).3 A resurgence
in AVN cases following COVID-
19 infection is
likely due to the rampant use of corticosteroids.4
AVN of the femoral head has been reported in
patients with COVID-
19 infection treated with
corticosteroids.5 However, osteonecrosis of the
knee following COVID-19 infection has not been
reported previously in the literature. An early diagnosis of osteonecrosis of the knee is important
to prevent subsequent arthritis and the need for

surgery. If diagnosed in the early stages, osteonecrosis of the knee responds well to bisphosphonate
therapy.6
Here we report two cases of symptomatic osteonecrosis of the knee as part of the long-term complications of COVID-19 infection. This is the first case
series of knee osteonecrosis reported worldwide as
part of long COVID-19 syndrome.

CASE PRESENTATION
Case 1

A woman in her 20s with no medical comorbidities was diagnosed with COVID-19 infection and
managed at home. The patient was treated with oral
methylprednisolone 16 mg three times a day for 15
days (cumulative steroid dose equivalent to 900 mg
of prednisolone). She developed pain in both knees
19 infection,
25 days after diagnosis of COVID-
which did not settle on conservative management.
On suspicion, an MRI of both knees was done,
which confirmed bilateral osteonecrosis of femoral
condyles and patella (figure 1). The patient was
started on oral alendronate 70 mg/week in two
divided doses along with a single dose of intravenous zoledronic acid 5 mg. This was supplemented
inflammatory
with calcium, vitamin D and anti-
medications. On follow-up at 3 months, Pain Visual
Analogue Score reduced from 8 to 2, and the patient
was comfortable with no progression of the osteonecrosis on follow-up radiographs. The patient was
able to resume her routine activities comfortably.

Case 2

A male patient in his late teens presented to us with
complaints of pain in the right knee and both hips.
The patient had COVID-
19 infection 4 months
previously, for which he was admitted and treated
with injection of methylprednisolone and dexamethasone tablet over 19 days with a dose equivalent to 1413 mg of prednisolone. MRI of the patient
showed osteonecrosis of the right knee involving
the distal femur and proximal tibia and Ficat-Arlet
stage III AVN of both hips (figure 2). The patient
was started on bisphosphonate therapy as per our
protocol and was clinically better at 3 months of
follow-up.

OUTCOME AND FOLLOW-UP

The cumulative prednisolone equivalent steroid
taken by the patients in our case series ranged from
900 mg to 1413 mg with a mean of 1156.5 mg. The
interval between initiation of corticosteroid therapy
and development of symptomatic osteonecrosis was
25 days in the first case and 4 months in the second
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case, with a mean duration of 73 days. Both patients were started
on oral alendronate 70 mg/week in two divided doses along with
a single dose of intravenous zoledronic acid 5 mg. Both patients
were clinically better on follow-up at 3 months with no progression of osteonecrosis on radiographs.

DISCUSSION

Osteonecrosis most frequently affects the hips, followed by the
knee.7 Osteonecrosis of the knee was first described by Ahlbäck
et al in 19688 and can be classified as (1) spontaneous osteonecrosis of the knee (also called primary osteonecrosis) usually
affects the elderly population and single condyle; (2) secondary
osteonecrosis (also called atraumatic osteonecrosis) usually
affects younger individuals and both condyles; it is usually associated with corticosteroid use, renal disease, haematological
disorders, etc; and (3) post-arthroscopy usually affects a single
condyle.9
Multiple classes of drugs have been studied for the management of moderate and severe COVID-19 infection. Among those,
corticosteroids have been found to be life-saving in severe cases
of COVID-19 infection.10 However, they are also known to be
an independent risk factor for the development of osteonecrosis.
The pathogenesis of osteonecrosis is not entirely understood
but is believed to be multifactorial. Vascular occlusion, fat cell
hypertrophy, fat emboli, hypercoagulability and vascular endothelial dysfunction are some of the mechanisms postulated in the
pathogenesis of osteonecrosis.11 It is postulated that hypercoagulability, leucocyte aggregation and endothelial dysfunction, in
addition to the use of corticosteroids in COVID-19 infection,
can contribute to the development of osteonecrosis.12

Learning points
► Corticosteroids have been proven to be life-saving in the

present COVID-19 pandemic.

► Patients seem to be more susceptible to osteonecrosis

Figure 2 MRI of a male patient in his late teens confirming
osteonecrosis of the right knee involving distal femur and proximal
tibia.
2

following COVID-19 infection, as witnessed by an increased
incidence, at a lower dose of corticosteroids and early onset
of symptomatic osteonecrosis.
► In the early stages, osteonecrosis of the knee responds well
to bisphosphonate therapy.
► Early diagnosis by MRI on clinical suspicion would help in
early intervention with bisphosphonate therapy in patients
with knee joint complaints following COVID-19 infection.
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Figure 1 MRI of a female patient in her 20s confirming osteonecrosis
of both condyles and patella: (A,B) left knee and (C,D) right knee.

Studies have shown that cumulative doses of steroids may be
an important factor for osteonecrosis.13 However, there is no
consensus regarding the exact dosage and duration of steroid
usage, which can lead to the development of osteonecrosis. A
review of literature showed reports of osteonecrosis of the knee
with cumulative doses ranging from 1012 mg to 6562 mg of
prednisolone.3 14–16 In our patients, the cumulative dose ranged
from 900 mg to 1413 mg of prednisolone with a mean dose of
1156.5 mg.
After initiation of corticosteroid therapy, osteonecrosis can
develop as early as within 1 year.13 Oinuma et al, in their case
series, showed that osteonecrosis of the hips and the knee could
be detected in 44% of patients with systemic lupus erythematous
at an average of 3.1 months from corticosteroid therapy use.17
However, rare cases have been reported even within 1 month of
initiation of corticosteroid therapy, as reported by Yildiz et al
in a patient with idiopathic thrombocytopenic purpura.18 In the
cases we report here, one of the patients developed symptomatic
osteonecrosis of the knee very early (25 days after initiation of
corticosteroid therapy) with an average onset at 73 days.
In our case series, one patient with knee osteonecrosis had
concomitant AVN of the hips. Patients with osteonecrosis of the
hip often present with referred pain in the thigh and knee owing
to the sensory distribution of the obturator and femoral nerves.19
Therefore, a thorough clinical examination of the knee joint with
high suspicion for the possibility of concomitant osteonecrosis of
the knee is necessary for diagnosis and intervention.
The primary objective for treating osteonecrosis of the knee is
to address pain, slow the disease progression and prevent bone
collapse and joint arthritis. Multiple treatment options exist in
the form of conservative, medical and surgical management;
however, no standard therapeutic management protocols exist.20
Arthroplasty remains the mainstay of treatment of osteonecrosis
once arthritis sets in. Agarwala et al showed that osteonecrosis
of the knee responds well to medical management with combination bisphosphonate therapy in the early stages, but it is imperative to diagnose and intervene early.6 The protocol followed by
the author was a single intravenous dose of 5 mg of zoledronic
acid with 70 mg oral alendronate weekly divided into two doses.
Jureus et al showed good outcome in 59% of patients with
knee osteonecrosis treated with oral bisphosphonates in their
study.21 Kraenzlin et al in their case series showed that patients
treated with combination bisphosphonate therapy (intravenous
pamidronate and oral alendronate) had rapid improvement in
pain score and radiological consolidation of the area of osteonecrosis.22 Sixty-seven per cent of patients in their series showed
complete resolution of bone marrow oedema in follow-up MRI
at 2–3 months. Bisphosphonate therapy is now considered a
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standard option for the treatment of osteonecrosis with good
clinical outcomes.23 Our patients were started on bisphosphonate combination therapy with good clinical response.

