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Abstract

The current systematic review aimed to document published cases of femoral head avascular necrosis (FHAVN) post-
COVID-19, to report the COVID-19 disease characteristics and management patients received, and to evaluate how the
FHAVN were diagnosed and treated among various reports. A systematic literature review was performed per the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines through a comprehensive English litera-
ture search on January 2023 through four databases (Embase, PubMed, Cochrane Library, and Scopus), including studies
reporting on FHAVN post-COVID-19. Fourteen articles were included, ten (71.4%) were case reports, and four (28.6%)
case series reported on 104 patients having a mean age of 42.2+11.7 (14:74) years, in which 182 hip joints were affected.
In 13 reports, corticosteroids were used during the COVID-19 management plan for a mean of 24.8 + 11 (7:42) days, with a
mean prednisolone equivalent dose of 1238.5 +492.8 (100:3520) mg. A mean of 142.1 +107.6 (7:459) days passed between
COVID-19 diagnosis and FHAVN detection, and most of the hips were stage II (70.1%), and concomitant septic arthritis was
present in eight (4.4%) hips. Most hips (147, 80.8%) were treated non-surgically, of which 143 (78.6%) hips received medi-
cal treatment, while 35 (19.2%) hips were surgically managed, 16 (8.8%) core decompression, 13 (7.1%) primary THA, five
(2.7%) staged THA and three (1.6%) had first stage THA (debridement and application of antibiotic-loaded cement spacer).
The outcomes were acceptable as regards hip function and pain relief. Femoral head avascular necrosis post-COVID-19
infection is a real concern, primarily attributed to corticosteroid usage, besides other factors. Early suspicion and detection
are mandatory, as conservative management lines are effective during early stages with acceptable outcomes. However,
surgical intervention was required for progressive collapse or patients presented in the late stage.
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Introduction

In December 2019, a COVID-19 infection caused by a novel
coronavirus was reported from Wuhan City, China. Soon,
this disease became a worldwide concern, and after affecting
various countries, the WHO declared it a pandemic [1]. At
that time, most of the treating physicians and the published
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reports were concerned by its respiratory system symptoms,
especially acute respiratory distress syndrome [2].

Later on, it was evident that COVID-19 affected the
whole-body systems leading to and not limited to Guillain-
Barré syndrome, lung fibrosis, pulmonary thromboembo-
lism, cardiomyopathy, sensory dysfunction, and stroke [3].
Furthermore, the musculoskeletal system was no exception
where patients presented with symptoms such as myalgia
and arthralgia up to rhabdomyolysis and joint osteonecrosis,
which could be attributed to the systematic inflammatory
response induced by COVID-19 [4].

The term “Long COVID” was then introduced to describe
the long-term effects of the disease (including persistent
arthralgia), which could continue for several weeks or even
months after recovering from the COVID-19 acute stage
[5]; furthermore, the National Institute for Health and
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Care Excellence defined it as symptoms lasting more than
12 weeks [6].

Based on the experience after the SARS Epidemic in
2003 where an increase in femoral head avascular necro-
sis (FHAVN) cases was reported reaching between 23% to
28.8% in the affected patients, which was mainly attributed
to massive corticosteroids usage to treat respiratory symp-
toms, and lowering the inflammatory response [7-10],
some authors raised concerns regarding the occurrence of
the same scenario with the new COVID-19 pandemic [7,
10-12].

Although avascular necrosis (AVN) or osteonecrosis was
reported in various joints, including the knees, shoulders,
and spine, the hip joint by far is the most affected [4, 13—16].
However, the literature published on FHAVN is mainly com-
posed of discrete case reports or series, and most of them
are limited by the small number of included patients, so
collecting and combining the evidence mentioned in these
reports could pave the way for better understanding of the
causes, diagnosis, and management options for FHAVN. So,
the current systematic review aimed to document published
cases of FHAVN post-COVID-19, to report the COVID-19
disease characteristics and management patients received,
and to evaluate how the FHAVN was diagnosed and treated
among various reports.

Methods

A systematic literature review was performed per the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines (supplementary file
1) [17]. It was registered in PROSPERO (registration ID:
CRD42023390075).

Eligibility criteria

The inclusion criteria were English language studies (rand-
omized controlled trials (RCTs), cohort studies, case series,
and case reports) reporting on FHAVN post-COVID-19.
Studies not published in English, performed on animal
models, and other publication types (reviews, editorials,
abstracts, and commentaries) were excluded.

We created a search strategy based on a predefined pop-
ulation, intervention/exposure, comparison, and outcome
(PI/ECO) model. The population of interest was patients
with confirmed FHAVN using plain radiographs and mag-
netic resonance imaging (MRI) studies. The exposure was
COVID-19 (whether the patient was admitted to a hospital
or treated at home) and the type of medications the patients
received as part of the COVID-19 management protocol.
The intervention was how FHAVN was managed (either
surgical or non-surgical). No comparison was required. The
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main outcome parameters were how FHAVN was managed
and the final outcomes.

Information sources and search strategy

A comprehensive English literature search was performed
by both authors on January 2023 through four databases
(Embase, PubMed, Cochrane Library, and Scopus), using
various combinations of the following terms (avascular
necrosis of femur head, osteonecrosis of the femoral head,
COVID-19, COVID, and coronavirus).

Selection process

All the results were downloaded to EndNote 20 program;
first, duplicates were removed, then the authors individu-
ally evaluated the titles and abstracts of the remaining arti-
cles for eligibility. If the title and abstract do not contain
enough data, the full text of the article was evaluated. Then
the authors discussed the final results, resolved controver-
sies, and decided on the eligible articles. This resulted in
the final 14 articles being included in the review synthesis
(Fig. 1) [15, 18-30].

The articles were divided equally between the authors;
each extracted the data from the articles assigned to him/
her; after finishing data extraction, the authors exchanged
their data, and each reviewed the data extracted by his/her
colleague. If a controversy or missing data were present, a
discussion between the authors to resolve any disagreement.

Data collection and critical appraisal

The following data were extracted: 1- articles characteristics
(author (s), Year of publication, country of origin, type of
the study). 2-patients characteristics (age, sex, laterality of
the disease, comorbidities). 3-COVID-19 infection (diagno-
sis confirmation- admission to hospital or ICU- the type of
management given), if corticosteroids were given, the dose,
duration, and route of administration were documented.
4-FHAVN (type of management if surgical or non-surgical;
(if surgical, the type of intervention performed will be docu-
mented), outcomes (radiographic or functional), and follow
up period.

Results

Studies and patient characteristics (Table 1)

Of the 14 articles included, ten (71.4%) were case reports,
and four (28.6%) case series reported on 104 patients having

a mean age of 42.2+11.7 (14:74) years, in which 182 hip
joints were affected. The details of publication year, country
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of origin, patients' gender, and comorbidities are mentioned
in Table 1.

COVID-19 infection and its management
characteristics (Table 2)

Reporting the details on the severity of the disease and the
need for ICU admission varied among the included reports.
The details of the medical management were mentioned in
seven reports [19-21, 23, 25, 29, 30], which included ster-
oids, antivirals, antibiotics, biologics, and anticoagulants.
In all reports, corticosteroids were used in the management
plan except for one [15], where no steroids were used for any
of the patients. The duration of steroid administration had a
mean of 24.8 + 11 (7:42) days, as mentioned in nine reports
[19-23, 25, 27-29]. However, the dose of steroid given was
mentioned in only six reports [18-22, 25], with a mean pred-
nisolone equivalent of 1238.5+492.8 (100:3520) mg.

Hip joint affection and management characteristics
(Table 3)

The laterality of the affected side was reported in all
articles except for one [18], 37 bilateral, and 16 unilat-
eral hip affection. The time interval between being diag-
nosed with COVID-19 infection and FHAVN detection
was reported in all studies except for one [24], having a
mean of 142.1 +107.6 (7:459) days. FHAVN staging was
reported in 174 hips from 12 reports [15, 18-28], which
was divided into 16 (9.2%) stage I, 122 (70.1%) stage II,
24 (13.8%) stage II1 12 (6.9%) stage IV. Noteworthy, in
one report, the authors excluded hips classified as stage IV
[18]. Furthermore, in eight (4.4%) hips from two reports
[21, 23], there was concomitant septic arthritis with AVN
caused by various organisms (2 non-typhoid salmonellae,
2 Serratia marcescens, two coagulase-positive staphylo-
cocci, and two multidrug-resistant Escherichia coli).
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Table2 COVID-19 and its management details

No AUTHOR ICU Admission Disease severity Management Patients Dose of steroid Mean Duration Route of steroid
received (of prednisolone of Steroid administration
steroids equivalents)* Administration

(days)**
1 Agarwalaetal. Yes NR Steroids in all Yes 758 mg 22.5 (reported (2 patients IV
[19] (1 patient) patients + ( (400-1250) for two then oral, 1
IV remedesi- patients out of  patient oral
vir+1V tocili- the three) from the start)
zumab in one
Patient, and
oral favipiravir
in another)
2 Sulewskietal. NR 1 severe, -Details were No NA NA NA
[15] 1 moderate, not reported
1 mild -None of the
three patients
received
steroids
3 Yilmam et al. Yes NR Steroids, anti- Yes NR 45 Oral then IV
[29] virals, anti-
biotics, and
anticoagulants
4 Agarwalaetal. NR NR Details were not  Yes 841.3 mg NR NR
[18] reported (100-3520)
5 Annam et al. NR NR Steroids, anti- Yes 1470+305mg 19 (17-21) Oral & IV
[20] virals, and (430 — 1040)
anti-biotics
6  Ardakanietal. NR NR Steroids, Yes 1695.2 mg 16 (10-32) Oral & IV
[21] anti-viral, (1375-2010)
biologics, and
antibiotics
7  Dhanasekara- NR NR Details were not  Yes 811 mg 19.6 (7-28) NR
raja et al. [22] reported (200-2100)
8 Ettaetal. [30] NR NR Steroids, anti- Yes NR NR NR
virals, and
anticoagulants
9  Jain and Sawant NR NR Steroids, Yes NR 22 IV then oral
[23] anti-viral,
biologics,
anti-biotics,
and anticoagu-
lants
10 Kamani et al. yes NR Details were not  Yes NR NR v
[24] reported
11 Kandari et al. Yes Moderate and  steroids and Yes 1855.6 mg 22 NR
[25] (1 patient) severe anti-virals (1600-2400)
12 Kinjima et al. Yes NR Details were not  Yes NR NR NR
[26] reported
13 Maharjanetal. NR NR Details were not  Yes NR 42 Oral and IV
[27] reported
14 Mahran et al. Yes 1 severe, Details were not Yes NR 14.7 (10-14) NR

(28]

(1 patient)

3 moderates

reported

*Mean + SD (range), **Mean (range)

NR not reported, NA not applicable, IV intravenous, mg Milligrams

@ Springer
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Hip AVN management strategy varied among reports,
including conservative (non-surgical) and surgical options.
Most hips (147, 80.8%) were treated non-surgically (none of
the hips was stage IV), where 143 (78.6%) hips had various
combinations of medical treatment [15, 18, 19, 22, 25], two
(1.1%) had hyperbaric oxygen therapy accompanied with
physiotherapy [29], and two (1.1%) had hip aspiration and
irrigation [21].

Thirty-five (19.2%) hips were surgically managed, 16
(8.8%) were treated by core decompression [20, 24, 25, 27,
28, 30]; a concomitant bone graft or bone marrow aspirate
was injected in four [27, 30], and a concomitant medical
treatment was accompanied in two [27]. First stage THA
(debridement and application of antibiotic-loaded cement
spacer) was performed in three (1.6%) hips [21]. Primary
THA was performed in 13 (7.1%) hips [15, 20, 22, 25, 26],
and staged THA was performed in five (2.7%) hips [21, 23].
Four hips were later converted to THA after initial core
decompression in one [28], and initial medical treatment
in three [22].

The outcomes were reported from eight reports [15,
18, 19, 21-25, 27]; although the measurements used were
inconsistent among reports, most of the reports indicated
improved functional outcomes and pain relief; details are
shown in (Table 3).

Discussion

The current review confirmed the concerns some authors
raised about FHAVN development in patients recovering
from COVID-19 infection; most of the reports related this
to corticosteroid administration as part of the COVID-19
management plan; however, other factors were suggested. In
all reports, MRI scans were mandatory to confirm the diag-
nosis. In most hips, conservative management was adequate
with acceptable outcomes; however, surgical intervention
was required for progressive collapse or patients presented
in the late stage.

Femoral head avascular necrosis (FHAVN) (which is
synonymously called osteonecrosis) is a disease where the
femoral head vascularity is deficient, leading to the death of
the osteocytes and bone marrow [31, 32], which could occur
primarily where no definitive cause is detected or secondary,
which mainly occur after excessive steroids usage or alcohol
consumption [31, 33]. Usually, this condition affects young
adults, and bilateral hip affection could occur in up to 75%
of cases [31, 34]. Although it could be evident in plain hip
radiographs, MRI is the imaging modality of choice for early
diagnosis and proper staging for management planning [31,
32].

Since the emergence of COVID-19 infection, scientists
and physicians rushed to find proper management to slow

@ Springer

down the morbidity and mortality rates, of the drugs used
were antivirals, angiotensin receptor blockers, chloroquine
phosphate, and corticosteroids [35, 36]; the latter showed
efficacy in managing acute respiratory distress syndrome
symptoms and preventing acute lung injury; furthermore,
administration of 6 mg dexamethasone per day for ten days
showed to reduce the overall 28-day mortality rate accord-
ing to the study by the RECOVERY group [37]. However,
the benefits of corticosteroid use came at the expense of
resulting in certain steroid-related complications such as
bone marrow osteonecrosis, secondary diabetes mellitus,
and secondary infections [38].

A-Theories behind FHAVN development
in patients post-COVID-19 infection

1-Corticosteroid induced

By far, corticosteroid-induced FHAVN is the most com-
monly adopted explanation; in the current review, 13 out
of the 14 reports [18-30], corticosteroids were part of the
COVID-19 management protocol, and the authors in these
reports alluded to the possible contribution of corticoster-
oids in FHAVN development, however, in only one report
by Kandari et al. [25], the authors confirmed a direct link
between corticosteroids dose and administration duration
and the FHAVN severity and staging.

There have been many studies relating FHAVN develop-
ment with massive corticosteroid usage [12, 19, 39], and
various suggested mechanisms for this correlation were pro-
posed, such as the possibility of fat emboli formation, hyper-
lipidemia, endothelial dysfunction, hypoxia, hypercoagula-
ble status, and increased intraosseous pressure secondary to
fat cell hypertrophy, all of these factors contributed to bone
marrow ischemia and eventual bone necrosis [40, 41], how-
ever, the actual pathogenesis still not well-established [42].

Although corticosteroid was the most blamed single
factor for FHAVN development, there is a lack of con-
sensus regarding the least causative dose, route, and dura-
tion of administration needed for AVN to develop. In the
current review, the mean prednisolone equivalent was
1238.5 +£492.8 mg, which was consistent with what was
reported in the literature that a minimum dose ranging from
700 to 2000 mg prednisone, or its equivalent, was required
for FHAVN development [39, 41]. After SARS, patients
younger than 50 years who received corticosteroids of more
than 3000 mg for a mean duration of 25 days were consid-
ered candidates for FHAVN development [9]. In a 17-year
follow up study by Sing et al., the authors reported a clear
association between high-dose steroids (even if administered
for a short course) and FHAVN development [43].
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Even more, FHAVN after exposure to low doses of corti-
costeroids had been reported in the literature, which was as
minimum as 40 mg [10]; in the current review, the minimum
corticosteroid dose was 100 mg, as reported in Agarwala
et al. series [18].

In the current review, the mean duration of corticosteroid
administration was 24.8 + 11 days, consistent with 25 days
mean duration reported in patients recovering from SARS
[9]. Chan et al. reported a shorter duration of about 18 days
of methylprednisolone (>2000 mg) administration, result-
ing in FHAVN prevalence of up to 10% [44]. In a study that
included 1137 patients with SARS, Zhao et al. confirmed
that osteonecrosis was related to the corticosteroid adminis-
tration duration, as the osteonecrosis rate ratio was 1.29 for
every ten days of treatment; they recommended that modify-
ing the corticosteroid administration duration will lower the
risk of osteonecrosis [45].

Furthermore, the time interval between corticosteroid
administration to FHAVN development ranged between 6 to
12 months [46, 47]. However, some authors reported "very
early” steroid-induced FHAVN, which could develop after
one to three months [48, 49]. In the current review, we found
that a mean of 142.1 +107.6 days (about 4.7 months) was
needed for FHAVN to be detected after COVID-19 diag-
nosis, which is considered a relatively shorter interval than
what was reported in the literature.

1I-Other possible causes explaining FHAVN
development

In the current review, no corticosteroid was administered by
any of the patients included in the series by Sulewski et al.
[15]; however, they reported osteonecrosis in ten patients,
including three FHAVN. This shed light on the possibility of
other contributing factors for FHAVN development.

Some of the possible causes proposed by some authors
are as follows. First, during the systemic inflammation
response to COVID-19, Cytokines such as IL-17 and TNF-
alpha are produced; this response reduces osteoblast pro-
liferation and differentiation [50]. Second, Viral infection
leading to angiotensin-converting enzyme 2 (ACE2) defi-
ciency could induce bone matrix degradation [51, 52]. Third,
a hypercoagulable state in COVID-19 patients caused by the
systematic inflammatory response accompanied by direct
endothelial injury could increase bone necrosis possibil-
ity [53, 54]. This was confirmed in some cadaveric studies,
which showed coagulopathy and intravascular thrombosis in
patients post-COVID-19 [55]. Last but not least, the antivi-
ral therapy as reported by Ardoy and Aguilera, where they
had a patient presented with knee medial condyle osteone-
crosis after having COVID-19 infection [13], the authors
based their suggestion on previous experience with SARS
2003 [9]; however, this suggestion should be considered

cautiously, as the antivirals used in COVID-19 are different
from those with SARS [56].

B- differential diagnosis of hip pain
post-COVID-19 infections

Patients could present with arthralgia as part of the COVID-
19 musculoskeletal consequences [4]; other causes of hip
joint pain rather than FHAVN should be identified for proper
management.

One serious hip condition which could present in patients
recovering from COVID-19 is septic arthritis, which was
found concomitant with FHAVN in the current review in
eight hips, as documented in two reports [21, 23]. This was
suspected by elevated inflammatory markers accompany-
ing edema and collection in the soft tissues around the hip,
as shown in the MRI images. For this concern, Ardakani
et al. reported performing aspiration for all of their patients
[21], and Dhanasekararaja et al. reported performing aspira-
tion for selected patients, especially when patients present
with acute and aggressive clinical manifestations, includ-
ing severe pain and elevated serological markers, and if the
MRI showed a rapid collapse of the femoral head, soft tissue
edema and collection [22].

A second possibility is the presence of reactive arthritis,
which could develop following viral infection, and usually
develops a few weeks after the infection and lacks the MRI
finding of the FHAVN [57]. The last but weak possibility is
the development of viral arthritis, which was reported with
other viral infections such as HCV and HIV; however, this
type is challenging to diagnose and presents as poly-articular
affection [58].

C-Management options for FHAVN
I-Early detection and follow up of patients at risk

The aim is to diagnose the AVN as early as possible before it
progresses to advanced stages, as up to 97% of the hips could
avoid having surgical intervention if diagnosed and man-
aged during stages I or II [59]. During the early stages, the
management plan aims mainly at alleviating pain, improv-
ing function, prevent further progression and femoral head
collapse; this could be achieved by various options such as
medical treatment, physiotherapy, and hyperbaric oxygen
therapy [60, 61]. However, if the disease is progressive and
the conservative lines have no role, surgical intervention in
the form of core decompression with or without bone graft-
ing or total hip arthroplasty (THA) is necessary [31].
Zhang and Zhang suggested applying a risk stratification
strategy for patients who had COVID-19 infection for the
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early detection of FHAVN, which was based on the recom-
mendations by the ARCO committee China branch; they
suggested dividing the patients into three main categories:
1-low-risk, if the patients did not receive corticosteroids,
2-moderate-risk, if less than 2000 mg corticosteroids were
administered and for less than a week, and 3-high-risk, if
more than 2000 mg corticosteroids were received for more
than one week or if the patient received IV pulse more than
80 mg per day for at least three days [10, 62, 63].

They recommended tailoring the follow up plan accord-
ing to the risk category, where patients recovering from
COVID-19 should be followed for at least 24 months, with
MRI being the diagnostic modality of choice for screening
and early detection; furthermore, the high-risk group should
attend regular clinic follow up at two to six months intervals
after being exposed to corticosteroids, while the frequency
is less for the low and moderate risk groups [62, 63]. From
the articles included in the current review, some authors rec-
ommended performing early MRI for patients recovering
from COVID-19 infection if they started feeling hip joint
discomfort [18, 22, 28].

ll-Definitive management for established cases
1) Non-surgical management

Various modalities were suggested for non-surgical inter-
vention management options for early detected FHAVN,
including protected weight bearing, physical therapy, vaso-
dilators, oral anticoagulants, traditional Chinese therapy,
and bisphosphonates [12, 62, 63]. Furthermore, reports on
FHAVN post-SARS showed that the osteonecrotic lesions
tend to reduce in size and stabilize over time, unlike AVN
developed after steroid usage in other conditions such as
autoimmune diseases [45, 64].

Most of the hips included in the current review (80.8%)
were managed non-surgically, where 143 (78.6%) hips had
various combinations of medical treatment, as shown in
(Table 3), which was successful in controlling the progres-
sion of FHAVN, with acceptable outcomes. Noteworthy,
in the largest included series by Agarwala et al. [18], the
authors excluded patients diagnosed with FHAVN stage
IV from being candidates for medical management; fur-
thermore, the authors reported that 95.5% of their patients
reported good outcomes and disease progression necessitat-
ing surgical intervention in the form of THA was reported
in only four hips.

2) Surgical intervention
In cases where the FHAVN is advanced (stage III or IV) or

when the disease progress rapidly after initial conservative
management, various surgical options could be performed,
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including core decompression, bone grafting, and arthro-
plasty [31, 34].

In a study by Guo et al. retrospectively evaluated 539
patients treated for SARS, they reported that steroid-related
FHAVN reached up to 24.1%, and 7.8% of the hips required
surgical intervention [65]. On the contrary, in the current
review, a higher percentage needed surgical intervention,
where 35 (19.5%) hips were treated by different modalities,
which mostly changed according to the presence of con-
comitant hip joint pathology. Core decompression was the
most common surgical intervention, performed in 16 (8.8%)
hips, followed by primary THA in 13 (7.1%) hips; how-
ever, in one hip which had initial core decompression, the
disease progressed, and THA was performed. In confirmed
or suspected cases of concomitant septic arthritis, a staged
procedure was performed, where the first stage consisted of
debridement and application of a cement spacer loaded with
antibiotics; this was performed in eight (4.4%) hips, five of
them, later on, had a second stage conversion to THA.

The current review has some limitations and weaknesses.
First, all the included studies are either case reports or case
series, and most are formed of small sample sizes; further-
more, this could be a source of bias. Second, the incon-
sistency and shortage while reporting the exact COVID-19
management plan hindered the evaluation of other possi-
ble contributing factors for FHAVN development. Third,
the relatively short follow up duration, however, could be
attributed to the novelty of the condition. Last, shortage of
reporting detailed outcomes after FHAVN management by
various options.

Despite the limitations and weaknesses mentioned above,
we believe that the main strength of the current review is
related to the fact that this was the first systematic review to
collect most of the discrete published literature on FHAVN
in patients who survived COVID-19, enabling physicians
and surgeons dealing with suspected cases to understand the
possible risk factors for FHAVN development even in the
absence of steroid administration and to clarify that early
detection enables the successfulness of conservative man-
agement lines.

Conclusion

Femoral head avascular necrosis in patients surviving
COVID-19 is now well documented in the literature, as
reported by authors from different countries, and most of
them accused corticosteroid usage of causing this problem.
However, other possible causes, including hypercoagulable
status and the secondary systematic inflammatory response,
could be involved, making FHAVN development a multi-
factorial problem. The disease affects various age groups
and could be presented bilaterally. Septic arthritis is a real
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concern that should be excluded if suspected. In most cases,
early detection using an MRI scan and conservative man-
agement could preserve the hip joint, prevent further pro-
gression and result in acceptable outcomes. However, for
patients presenting late, surgical intervention is the manage-
ment option of choice. A follow up protocol is mandatory for
patients surviving COVID-19, especially those who received
corticosteroids, and MRI as early as the patients develop
hip joint discomfort is advisable to detect early FHAVN
development.
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