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Abstract

Background We aim to report the consecutive patients diagnosed with osteonecrosis of femoral head (ONFH) following
recovery from COVID-19 disease and elucidate the unique features of ONFH associated with COVID-19.

Methods Consecutive 22 patients (39 hips) recovered from COVID-19 and presented with ONFH from November 2020 to
October 2021 were included. All the patients received corticosteroids as a supportive treatment during COVID-19. Patients
were classified into two types based on the type of presentation, namely classic ONFH and rapidly destructive coxarthrosis
(RDC) depending on radiographs, MRI, inflammatory markers and hip aspiration findings. Harris hip score was used to
evaluate the functional outcome before and after treatment.

Results The mean time to diagnose of ONFH from the onset of hip symptoms was 39.3 days (range 10-90 days). The average
duration of onset of hip symptoms after COVID 19 infection was 7.5 months (range 3 — 11 months). The average cumulative
dose of methylprednisolone equivalent was 811 mg (range 200-2100 mg) and the average duration of steroid intake was
2.8 weeks. There was significant elevation in the inflammatory markers in RDC group compared to classic ONFH (p <0.05).
The Harris hip score improved from 63.6 +23.2 at presentation to 82.6 +9.6 after treatment (p <0.05). Three patients had
features of RDC. Among the three patients with RDC, two patients had rapid progression of ONFH and underwent total hip
arthroplasty (THA). The third patient is awaiting a THA.

Conclusion ONFH after COVID-19 can have a varied presentation. While the most common presentation is like classical
ONFH, some patients can have an acute and aggressive presentation with rapid destruction. They have features like elevated
serological markers and extensive periarticular bone and soft tissue edema. A low cumulative dose of steroids in our patients
suggests that the COVID-19-associated vasculitis may play a role in the pathogenesis of ONFH.
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Introduction

COVID-19 pandemic is caused by severe acute respira-
tory syndrome novel coronavirus 2. (SARS-CoV-2) [1].
According to WHO, globally, as of 8 June 2021, there
have been 173,331,478 confirmed cases of COVID-19,
including 3,735,571 deaths [2]. Currently, the manage-
ment for COVID-19 is symptomatic treatment and sup-
portive care. Systemic corticosteroids are administered
for moderate to severe disease with desaturation and to
fight against the cytokine storm [3]. Osteonecrosis of the
femoral head (ONFH) is one of the serious adverse events
which occur either due to the COVID-19 disease per se
or complications in using the supraphysiologic dose of
systemic corticosteroids.

Corticosteroids were widely used in the treatment of
the SARS epidemic of 2003 to reduce lung inflammatory
infiltration and improve oxygenation. Zheng et al., in a
recent review, warned that high doses of systemic corticos-
teroid might work as a double-edged sword; and might be
associated with steroid-induced ONFH [1]. The incidence
of steroid-induced ONFH was as high as 24.1% among
539 patients treated for SARS, of which 42 hips required
surgical treatment [4]. The various risk factors are male
gender, younger age, higher cumulative dose of steroid,
long duration of treatment and use of more than one type
of steroid [4, 5].

The current evidence on ONFH in patients treated
for COVID-19 is limited to a few case reports [6]. We
aim to evaluate the clinical and radiological presentation
uniquely associated with ONFH in patients recovered from
COVID-19.

Patients and Methods

We prospectively analysed 22 consecutive patients (39
hips) who recovered from COVID-19 and were diag-
nosed with ONFH from November 2020 to October 2021
(Table 1). Patients with prior hip pain before COVID-19
treatment, previous surgery in the involved hip, chronic
steroid intake, alcohol abuse, patients with hypercoagula-
ble states were excluded from the study. Patients age, gen-
der, body mass index, duration between COVID-19 infec-
tion and initial hip symptoms, duration of hip pain was
collected. The institutional ethics and research commit-
tee approval (Application no: 2021/02/11) was obtained.
Informed consent was obtained from all the patients that
their data may be used for publication.

All 22 patients were diagnosed as COVID-19 posi-
tive with RT-PCR and/or HRCT of the chest. None of
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the patients had previous hip pain or comorbidities con-
founding to the development of ONFH. All the patients
received corticosteroids as a supportive treatment during
COVID-19. Methylprednisolone was the most commonly
used steroid and other steroid forms like Dexamethasone,
Prednisolone and Deflazacort were also used. For uniform
reporting, we calculated the methylprednisolone equiva-
lent dose by the conversion factor of 0.8 for prednisolone,
0.6 for deflazacort and 5.3 for dexamethasone [5, 7].

All the patients who presented with acute hip pain to
our outpatient clinic were screened with plain radiographs
and then with MRI examination. ONFH was diagnosed
using MRI and interpreted by a senior musculoskeletal
radiologist. The diagnosis of ONFH was made by a single
density "bandlike" lesion with a low rim of signal intensity
that surrounds necrosis in T1 images and by a “double line
sign” consisting of an external low signal intensity rim
and a high signal intensity internal rim on the T2 image.
Ficat and Arlet grading was used to stage the ONFH in
radiographs [8]. Mitchell classification was used to stage
the ONFH based on the MRI signal within the centre of
the lesion [9]. Japanese investigation Committee (JIC)
classification was used to categorize the location of the
necrotic lesion at the weight-bearing zone into A, B, C1
and C2 [8-10]. The necrotic angle severity was calculated
in midcoronal and midsagittal image in MRI (Fig. 1) and
graded by modified Kerboul angle into grade 1 (<200°),
grade 2 (200°-249°), grade 3 (250°-299°), and grade 4
(>300°) [10]. The edema involving only over the weight-
bearing necrotic zone in the femoral head was graded as
mild, edema extending into the femoral neck region was
graded as moderate and edema involving beyond neck
region, acetabulum, periarticular soft tissue with effusion
was graded as severe (Table 2).

Laboratory parameters include erythrocyte sedimenta-
tion rate (ESR), C-reactive protein (CRP), and White blood
cell (WBC) count. Patients were classified into two types,
namely classic ONFH and rapidly destructive coxarthrosis
(RDC) based on radiographs, MRI and inflammatory mark-
ers (Table 3). Hip aspiration was done for patients presenting
with elevated inflammatory parameters to rule out associated
septic arthritis. All the patients underwent initial conserva-
tive therapy with bisphosphonates, calcium and non-steroi-
dal anti-inflammatory agents.

The Student ¢ test was used to compare the means between
pre and post-treatment Harris hip score, and descriptive sta-
tistics were reported as mean (SD) for continuous variables
and as frequencies (percentage) for categorical variables.
Independent ¢ test was used to compare the inflammatory
parameters between classic ONFH and RDC group. All
analyses were performed using SPSS for Windows Inc. ver-
sion 22 (IBM Inc., Chicago, IL). A p value less than 0.05
was considered significant.
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Fig. 1 MRI showing the bilat-
eral osteonecrosis of femoral
head with mild edema and
necrotic angle calculation in
midcoronal and midsagittal
image. By modified kerboul
method, the combined necrotic
angle is measured and divided
into four grades

Results

There were 20 males and 2 females. The mean age was
38.8 years (range 20-74 years) and the mean BMI was
27.6+4.4 (Table 1). The mean time to diagnose ONFH was
39.3 days (range 10-90 days). The average duration of onset
of hip symptoms after COVID 19 infection was 7.5 months
(range 3 — 11 months). Seventeen out of 22 patients had
bilateral ONFH. Two patients have diabetes and 18 patients
have no associated comorbidities. The average cumulative
dose of methylprednisolone equivalent was 811 mg (range
200-2100 mg) and the average duration of steroid intake was
2.8 weeks (Table 1).

Femoral head showed a large necrotic area with grade
3 and 4 in 14 hips (35.9%) according to modified Kerboul
angle and type C involvement in 28 hips (71.8%) according
to JIC classification (Table 2). There was significant eleva-
tion in the inflammatory parameters in RDC group compared
to the classic ONFH group (p <0.05). There was a signifi-
cant reduction in inflammatory parameters compared to the
presenting values after treatment (Table 1). There was a sig-
nificant improvement in Harris hip score from 63.6 +23.2 at
presentation to 82.6 +9.6 after treatment (p <0.05).

The majority of the hips (36/39) had features of classical
ONFH (Table 2). Plain radiographs showed a subchondral
cyst in the weight-bearing dome and lateral part of the head.
MRI showed classical focal serpentine line and double-line
sign diagnostic of ONFH in all patients and acetabulum is
not involved. They all had symptomatic improvement with
conservative therapy and did not have further worsening of
the symptoms in the follow-up.

Rapidly destructive coxarthrosis is noted in 3 out of 39
hips. They presented with acute severe pain and radiographs
showed the rapid collapse of the femoral head. MRI showed
diffuse periarticular soft-tissue edema and marrow edema
with joint effusion. The inflammatory parameters were ele-
vated. Two patients (2/3) underwent total hip arthroplasty.

The first patient, a 62-year-old female (Patient 1), MRI
showed avascular necrosis of femoral head with edema
and fluid collection. Preoperative hip aspiration showed no
growth in the culture. Intraoperatively, friable tissues with
cyst noted even in the acetabulum. She underwent unce-
mented total hip arthroplasty. The synovial fluid and tissues
sent for culture showed no growth. Histopathology showed
acute on chronic nonspecific inflammatory granulation
tissue.

The second patient, a 74-year-old female (Patient 2), was
treated conservatively with empirical oral antibiotics, anal-
gesics and alendronate. But she had rapid progression with
varus collapse of the femoral head (Fig. 2¢) within 2 months
but ESR and CRP returned to normal. She underwent hybrid
total hip arthroplasty (Fig. 2d). Intraoperative synovial fluid
aspiration showed normal cell count (total leucocyte cell
count 1500 cells/cmm, Neutrophils 62%). Antibiotic bone
cement was used for femoral stem fixation. Intraoperative
cultures showed no growth and histopathology of the femo-
ral head showed features suggestive of avascular necrosis of
the femoral head.

The third patient, a 54-year-old male (Patient 10) pre-
sented with acute hip pain for 2 months. MRI showed
bilateral ONFH with diffuse periarticular and thigh muscle
edema. Hip aspiration showed no growth in the culture. He
was started on oral amoxycillin and clavulanic acid 625 mg
twice daily for 10 days and analgesics. He improved symp-
tomatically, but radiographs showed femoral head collapse
and will require THA in future.

Discussion
Although majority of the patients present with classical
features of ONFH after COVID-19, a subgroup of patients

have an aggressive presentation and rapid progression
resulting in a rapidly destructive coxarthrosis. They have
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Table 2 Classification of patients with ONFH based on clinical presentation, MRI findings and correlation with the clinical progression

Pt.no Side Ficat and Mitchel JIC Modified Periarticular bone COVID-ONFH clas-  Progression
Arlet clas- classifica- classifi- Kerboul angle and soft tissue edema  sification
sification tion cation grade grade (mild/moderate/
severe)
1 Right IIB D Cc2 4 Moderate Rapidly destructive Total hip arthroplasty
coxarthrosis
1 Left 1IIA B B 2 Mild Classic ONFH Occasional pain
2 Right IIA B A 1 Mild Classic ONFH Occasional pain
2 Left III C Cc2 4 Severe Rapidly destructive Total hip arthroplasty
coxarthrosis
3 Right IIA B C2 4 Severe Classic ONFH Pain affecting activities
of daily living
4 Right III A Cc2 4 Severe Classic ONFH Painful on strenuous
activities
Left 1II A C2 3 Moderate Classic ONFH Occasional pain
Right IIA B B 2 Moderate Classic ONFH Asymptomatic
Left 1IIA B Cl 3 Moderate Classic ONFH Painful on strenuous
activities
6 Left 1IA C B 3 Moderate Classic ONFH Pain affecting activities
of daily living
7 Right IIA D Cc2 3 Mild Classic ONFH Pain affecting activities
of daily living
7 Left IIA B Cl1 2 Mild Classic ONFH Asymptomatic
8 Right IIA B Cl1 3 Mild Classic ONFH Asymptomatic
8 Left IIA B B 2 Mild Classic ONFH Occasional pain
9 Left IIB A B 1 Mild Classic ONFH Pain affecting activities
of daily living
9 Right III C B 1 Mild Classic ONFH Asymptomatic
10 Right III B C2 3 Severe Rapidly destructive Pain affecting activities
coxarthrosis of daily living and
symptomatically
improved with con-
servative management
10 Left IIB A B 1 Mild Classic ONFH Occasional pain
11 Right IIA A Cc2 2 Mild Classic ONFH Occasional pain
11 Left 1IIA A Cl1 2 Mild Classic ONFH Asymptomatic
12 Right IIA A Cc2 1 Mild Classic ONFH Occasional pain
12 Left 1IIA A B 1 Mild Classic ONFH Painful on strenuous
activities
13 Left IIA A Cc2 1 Mild Classic ONFH Painful on strenuous
activities
13 Right ITIA A Cc2 1 Mild Classic ONFH Asymptomatic
14 Left 1IIB A Cc2 1 Moderate Classic ONFH Underwent core decom-
pression elsewhere
15 Left 1IIA A Cl 2 Mild Classic ONFH Painful on strenuous
activities
16 Right IIB B A 1 Mild Classic ONFH Painful on strenuous
activities
16 Left IIB B B 1 Mild Classic ONFH Asymptomatic
17 Right IIA B Cc2 3 Mild Classic ONFH Painful on strenuous
activities
17 Left IIA B Cc2 3 Mild Classic ONFH Asymptomatic
18 Left III A Cc2 3 Mild Classic ONFH Pain affecting activities
of daily living
18 Right IIA A C2 2 Mild Classic ONFH Asymptomatic
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Table 2 (continued)

Pt.no Side Ficat and Mitchel JIC Modified Periarticular bone COVID-ONFH clas-  Progression
Arlet clas- classifica- classifi- Kerboul angle and soft tissue edema  sification
sification tion cation  grade grade (mild/moderate/
severe)
19 Right IIA B Cl1 2 Moderate Classic ONFH Painful on strenuous
activities
19 Left 1IIA B Cl1 2 Mild Classic ONFH Asymptomatic
20 Right IIA A Cl1 2 Moderate Classic ONFH Painful on strenuous
activities
20 Left 1IA A Cl1 Moderate Classic ONFH Asymptomatic
21 Left IIA B Cl1 2 Mild Classic ONFH Painful on strenuous
activities
22 Left 1IIA A C2 3 Moderate Classic ONFH Painful on strenuous
activities
22 Right IIA A Cl1 2 Mild Classic ONFH Painful on strenuous

activities

JIC classification Japanese investigation Committee (JIC) classification, ONFH Osteonecrosis of femoral head

Table 3 Classification of
various presentations on

Classic ONFH

Rapidly destructive coxarthrosis

osteonecrosis of the femoral

Radiographs
head after COVID-19 disease

MRI

Cysts and sclerosis
Only femoral head involvement

Acute onset femoral head collapse

Acetabular changes present, diffuse
periarticular bone and soft tissue

edema
Blood parameters (ESR, Within normal limits Elevated
CRP)
Histology No inflammation Mixed findings
Hip aspiration Sterile Sterile

Fig.2 a Radiograph showing subchondral cyst and osteolysis in the
left femoral head. b MRI showing severe marrow and periarticular
soft-tissue edema with joint effusion. ¢ rapid progression and varus

features like elevated serological markers, joint effusion
and extensive periarticular bone marrow and soft tissue
edema. There is always a high risk for possible coexisting
infection, especially in diabetic patients and this needs to
be ruled out by preoperative hip aspiration. A low cumu-
lative dose of steroids in our patients suggests that the

collapse of the femoral head at 2 months suggestive of rapid progres-
sive coxarthrosis. d radiograph showing hybrid total hip arthroplasty.
The intraoperative culture showed no growth

COVID-19 itself may play a role in the pathogenesis of
ONFH.

ONFH has a multifactorial aetiology that includes
genetic factors, corticosteroid usage, conditions with
hypercoagulable states, vasculitis and alcohol abuse [4].
A recent meta-analysis showed 1137 patients recovered
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from the SARS epidemic showed a significant associa-
tion between the cumulative dose of steroid and treatment
duration on the incidence of ONFH [5]. They concluded
that the risk of ONFH is low when the cumulative dose of
steroids (methylprednisolone equivalent) is less than 5 g
and increased when the dose exceeds 10 g [5].

COVID-19 induces a hypercoagulable state and
increases the risk of thrombosis. Immunological studies
show pro-inflammatory cytokines like Interleukin (IL)-1,
IL-6, tumour necrosis factor-alpha and IL-17 A are ele-
vated [1, 6]. It induces inflammation of blood vessels with
subsequent leukocyte/platelet aggregation and impairment
of microvascular blood flow [11]. The distinct pathologi-
cal features are endothelial cell inflammation, vessel wall
fragmentation, endothelial cell pyknosis and karyorrhexis.
The classic histological findings of vasculitis are predomi-
nantly neutrophilic infiltrates affecting small and medium-
sized blood vessels [11]. In our series, the cumulative dose
of methylprednisolone equivalent dose is less than 5 g in
all patients. This shows that steroid use, together with
COVID-19 disease-induced thrombosis, may have been
the cause of ONFH development [6].

The onset time of ONFH after corticosteroid ranges
between 3 weeks and 3 months. MRI is the most sensitive
technique to diagnose ONFH and helps in staging and esti-
mating prognosis [12]. STIR MRI showed high-intensity
bone marrow lesions as early as 3 weeks after initiation
of corticosteroid therapy and it preceded the typical low-
intensity band on T1 weighted image characteristic of
ONFH [13]. The various described MRI findings in ONFH
are concave shaped low-intensity lesions, the geographic
pattern of subchondral region, bone marrow edema, sub-
chondral cysts, double-line sign and joint effusion [9, 13].
The unique findings apart from the classical ONFH were
the larger involvement of the femoral head, bilateral hip
involvement, with extensive marrow and periarticular soft-
tissue edema (Tables 1, 2).

We have classified our patients post-COVID ONFH into
two groups based on clinical, radiological and inflamma-
tory parameters. They are classical ONFH and rapidly
destructive coxarthrosis (RDC) (Table 3). RDC group
had an acute and aggressive presentation with elevated
serological markers and extensive periarticular bone and
soft tissue edema. In a study by Guo et al., involving 539
patients with severe acute respiratory syndrome (SARS)
treated with steroids, the incidence of ONFH is found to
be more common in younger age group less the 50 years
[4]. In our study, the rapid progression was noted in the
patients above 50 years (62, 74 and 54 years of age) against
the mean age of 38.8 years. It appears as though age is an
independent risk factor for RDC, however the sample size
is low to make this generalized statement.

@ Springer

The classical ONFH group were treated with bisphos-
phonates, analgesics, calcium, diabetic control and lifestyle
modification. They had symptomatic improvement with
conservative therapy in the short-term follow-up. However,
these patients need to be reviewed in long term to find the
exact natural history of the disease. We have not advocated
core decompression in any patients even in the pre-collapse
stage in view of the efficacy with bisphosphonate therapy
alone and also the poor prognosis associated with steroid
induced ONFH [14, 15]. A recently published long-term
follow-up study also shows bisphosphonate therapy retard
the disease progression and reduce the rate of femoral head
collapse [16, 17].

Hip aspiration is recommended to differentiate RDC from
primary septic arthritis of hip. In case of muscle and bone
edema without any aspirable joint fluid, intraoperative find-
ings along with ESR/CRP trend should be taken into consid-
eration for appropriate treatment. Patients with RDC benefit
from total hip arthroplasty. Patients with septic arthritis of
hip should be treated with debridement and antibiotic spacer
as a first stage and then proceeded by second-stage revision.

The limitations to our study are short-term follow-up and
lack of a control group. Moreover,

analysis of all COVID-19 patients who received steroid
therapy and following them might give the exact incidence of
ONFH after COVID-19. The inflammatory parameters were
not analysed in some patients at presentation whose clinical
and radiographic features were suggestive of mild disease.
However, these patients blood parameters are checked in
the follow-up to rule out progression to RDC. Nevertheless,
this preliminary study evaluated the large series of patients
and elucidated the unique features of ONFH associated with
COVID-19. These patients need to be followed up further
and a multicentric study with larger numbers is necessary to
know the exact natural history of the disease in COVID-19.

Conclusion

Patients who recover from COVID-19 presenting with hip
pain should be evaluated by MRI of both hips for early diag-
nosis of ONFH. The ONFH after COVID-19 can have a
varied presentation. While the most common presentation
is like classical ONFH, some patients can have an acute and
aggressive presentation with rapid destruction. They have
features like acute severe pain at presentation, elevated sero-
logical markers and extensive periarticular bone and soft
tissue edema noted in the MRI. Bisphosphonates may be
useful to prevent collapse and slow the disease progression
but these patients need a longer follow-up to evaluate its
efficacy. A low cumulative dose of steroids in our patients
suggests that the COVID-19 associated with vasculitis may
play a role in the pathogenesis of ONFH.
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