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Abstract

The aim of this systematic review is to analyze the risk of developing osteonecrosis of femoral head (ONFH) for people received 
steroids therapy. Steroid has been considered as a risk factor of developing ONFH. However, there is no known systematic review 
that specifically focus on understanding steroid usage and the risk of developing ONFH. This review was conducted in accordance 
with the Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) standards. Six electronic databases were 
searched: Cochrane, PubMed-MEDLINE, EMBASE, AMED, CINAHL and CJN. After eliminating duplicated articles and applying the 
inclusion criteria, five articles were selected for qualitative and the quantitative analysis: two case-control studies and three small 
sample cohort studies. The cohort studies indicate relative risk of the pooled data is 6.77 with 95% CI (0.39, 118.36). The case-
control studies show a pooled odd ratio is 7.05 with 95% CI (2.19, 22.67). In general, findings shown to support that a higher risk of 
developing ONFH in people with steroid usage when compared with people without steroid usage. There are small number of related 
studies and their methodological quality is generally low. The risk of ONFH with steroids and the related dose-response relationship 
remain inconclusive from clinical studies. The unique clinical values of steroids should not be overlook due to the reference of the 
uncertain and unconfirmed research reports. Steroids remain its important values for certain patients; such as the infected with CO-
VID-19 in the pandemic. Clinicians should administer steroids with cautions with careful assessment and monitoring to the patients. 
Whilst the possible risks and dose-response relationship cannot be confirmed from the related evidence, pharmological and non-
pharmological adjuvant therapies should be prescribed together with steroids to minimize the potential risks of steroids therapy. 
Robust research is still needed to determine the suitable dosage and safe guidelines for using steroids to obtain the best therapeutic 
effects of it for the benefits of the patients in need. 
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Abbreviations
CI: Confidence Interval; COVID-19: Coronavirus Disease 2019; MRI: 
Magnetic Resonance Imaging; NOS: Newcastle-Ottawa Scale; OR: 
Odd Ratio; ONFH: Osteonecrosis of Femoral Head; PRISMA: Pre-
ferred Reporting Items for Systematic Reviews and Meta-analyses; 
RCTs; Randomized Control Trials; RECOVERY: Randomized Evalu-
ation of COVid-19 thERapY; RR: Risk Ratio; WHO: World Health 
Organization.

Introduction 
The World Health Organization (WHO) recommends the use of 

systemic corticosteroid therapy for the patients with severe and 
critical Coronavirus Disease 2019 (COVID-19) and not to use sys-
temic corticosteroids in the treatment of patients with non-severe 
COVID-19 based on the moderate certainty evidence of an impor-
tant reduction in the risk of death [27]. Whilst specific vaccines, 
prevention and management of COVID-19 are still under extensive 
investigation, the use of steroids remains an important role in the 
pandemic for managing signs and symptoms of the disease, includ-
ing the control of the inflammatory conditions resulted from COV-
ID-19 infection. While the results from retrospective studies are 
heterogeneous and difficult to infer of a definitive protective bene-
fit with corticosteroids, Randomized Evaluation of COVid-19 thER-
apY(RECOVERY) trial found a significantly better outcome with 
dexamethasone in severe cases. It reported a significant reduction 
of death by 35% in ventilated patients and by 20% amongst pa-
tients on supplemental oxygen therapy with the dexamethasone, 
although no benefit was observed in mild cases [20]. 

Corticosteroids, such as hydrocortisone and dexamethasone, 
have anti-inflammatory, antifibrotic, and vasoconstrictive effects. 
They are also known as steroids, which contain hormone cortisol, 
are chemicals that have a wide range of effects on the functions of 
the body and mainly used to relieve and regulate inflammation, car-
bohydrate metabolism, protein catabolism, blood electrolyte levels, 
and behaviours [16-17]. Studies reported that the use of steroids 
appear to be associated with benefit among critically ill patients 
with COVID-19 whether they are receiving mechanical ventilation 
or oxygen without mechanical ventilation [18]. However, the exact 
threshold at which an individual patient and the optimal dosage of 
corticosteroids prescription remain unclear. Potential side-effects 
from using corticosteroids include but not limit to stomach irrita-

tion, indigestion, tachycardia, nausea, insomnia, muscle weakness, 
weight gain and osteoporosis [16].

Whilst clinical studies about the suitable type and dosage of 
steroids for the management of COVID-19 pandemic are heteroge-
neous and difficult to infer of a definitive protective benefit from 
corticosteroids, the possible adverse effects of steroids remain a 
concern in clinical practice. One of the possible side-effects of ster-
oids is the development of avascular necrosis (or called osteone-
crosis). This can cause chronic health conditions including bone 
damage, pain, disabilities and functional limitations in daily activi-
ties to the patients. Eventually, the patients' quality of life can be se-
verely impaired due to the possible adverse effects of osteonecrosis 
from steroids therapy.

Osteonecrosis, which is also known as avascular necrosis or is-
chemic necrosis of the femoral head, is a pathologic process due to 
the interruption of blood supply to the involved bone area [1]. Peo-
ple with osteonecrosis of the head of femur often experience severe 
pain and thus affecting their mobility and causing dysfunction in 
daily activities. Mont., et al. (2010) [14] pointed out the high preva-
lence of clinical symptoms and femoral head collapse of untreated 
asymptomatic osteonecrosis of femoral head. Several risk factors, 
including alcohol consumption, steroid usage and/or smoking, are 
shown to be related to osteonecrosis of the femoral head [7,12,14]. 
It remains a concern that the improper use of systemic corticoster-
oids can increase the risk of having osteonecrosis of the femoral 
head to the patients [30].

Osteonecrosis of the femoral head (ONFH) is also known as 
avascular necrosis or ischemic necrosis of femoral head, which is 
commonly considered as a pathologic process due to the interrup-
tion of blood supply to the involved bone area [1,22]. In general, 
ONFH is a complex disease characterized by death of osteocytes 
and the bone marrow, and is caused by inadequate blood supply to 
the affected segment of the subchondral bone of the femoral head. 
The specific pathophysiology of steroid-induced ONFH is still un-
clear. ONFH is suggested to be the outcome of the combination of 
multiple factors and mechanisms. Several pathogenesis theories 
about possible steroid-induced ONFH are proposed including the 
lipid metabolism disorder theory, the decreased osteogenesis po-
tential of bone marrow mesenchymal stem cells theory, insufficient 
blood supply theory, inflammation and cell apoptosis theory and 
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gene polymorphism and non-coding RNA theory [25]. However, 
these theories have yet been confirmed. The exact pathogenesis 
about steroid-induced ONFH is still under investigation. With the 
advancement of technologies and precision research on stem cell 
and molecular biology, the theories and the pathologic process may 
be confirmed in the future. This will benefit to the design of suita-
ble prevention and intervention to minimize and control the possi-
ble adverse effects of steroids including the development of ONFH. 

Regardless to the underlying pathophysiological process, the 
management of osteonecrosis remains a perplexing problem in 
clinical practice. Surgical procedures are required for most symp-
tomatic patients with collapse of the femoral head resulted from 
ONFH, such as transtrochanteric rotational osteotomy and curved 
varus osteotomy. The goals of osteotomy for ONFH are to avoid 
load stimulation on necrotic parts, and to return the femoral head 
from subluxation to concentric position for joint congruity [8]. Oth-
er surgical treatments such as joint-preserving or total hip arthro-
plasty are often needed for patients in later phases of the condition 
[15]. Without specific treatment 80% of clinically diagnosed cases 
will progress, and finally most cases will require arthroplasty [21]. 

Although steroids usage is widely considered as a risk factor of 
nontraumatic/idiopathic ONFH, the evidence on the topic remains 
anecdotal. Concerning to the risk of using steroid to the develop-
ment of osteonecrosis, the estimation of the risk shows a wide 
range of differences in various studies. The risk of using steroids 
for the development of osteonecrosis of femoral head has not been 
systematically reviewed. Although low-dose (<1 to 2 mg/kg), short-
term (3–5 days) methylprednisolone was reported as an adjuvant 
treatment for COVID-19 [30], the dose-response relationship be-
tween the steroid therapy and the relative risk of ONFH remains 
unclear. There are only a few general overviews directly related to 
the risk factor. 

However, most of the reported studies focus on qualitative re-
porting or have not conducted a complete systematic literature re-
view on this specific topic. Although findings appeared that there 
is a potential risk of developing ONFH with the use of steroids, di-
versified results are identified with different dosages and clinical 
application to different populations in relevant studies. With the 
changes of using advanced technology for diagnosis, definition of 
the conditions, the context of the drug usage and increase in the 
amount of relevant studies from Asian countries since late 1980s; 
a review to update the knowledge in this area is needed. More 

research on the relevant topic may have been conducted which 
may contribute to a better estimation of the risk about the usage 
of steroids. There is no systematic review that we know of have 
specific focus on the steroid usage and the risk of ONFH. A clear un-
der-standing on this specific topic is important for the clinical prac-
tice of evidence-based medicine for patients’ benefits and safety. 

Many questions remain unanswered about the use of steroids 
and the risk of ONFH. Will the people received steroids have a high-
er risk of developing ONFH compared with those who have not got 
such exposure in clinical practice? What do we know from clinical 
studies about risk of developing ONFH from the use of steroids? 
What is the potential dose-response relationship between the use 
of steroid and the risk of developing ONFH? Clinical guidelines for 
the prescription of steroids without causing possible consequence 
of developing ONFH has yet been well-determined. A systematic 
review provides specific understanding of this clinically important 
topic for clinical practice and further research. 

Hence, the aim of this review is to systematically analyse the re-
lated clinical study reports particularly focus on the use of steroids 
and the risk of developing ONFH. This may provide specific and 
scientific information for supporting medical practitioners to pre-
scribe steroids when necessary. The primary objective of this re-
view is to summarize the best and updated evidence of the steroid 
usage as the risk factor of ONFH to people at all ages. The second-
ary objective is to critically review the study quality and methodo-
logical designs of the relevant primary clinical studies. This review 
also focus on the mean dosage of steroids to induce ONFH.

Materials and Methods
This review was conducted in accordance with the Preferred 

Reporting Items for Systematic Reviews and Meta-analyses (PRIS-
MA) standards to evaluate the clinical studies and evidence of the 
effect about steroid usage to the risk of the ONFH. The main ques-
tion of this review is: Are people at all ages who have had experi-
ence of steroid usage compared with those without using steroid at 
a higher risk of the development of osteonecrosis of femoral head?

Criteria for considering studies for this review
Types of studies

Because of the limited or lack of RCTs on the risk of steroid 
usage, this review will therefore include cohort and case-control 
studies.
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Types of participants

Any persons at risk of development of ONFH, regardless of age, 
gender, race and health status, are included. Although the health 
status of participants is not controlled from the selection criteria, 
the information may be used to determine the need for sub-group 
analysis when heterogeneity of results noted.

Types of interventions

•	 In RCTs, at least one group should have received steroid as 
treatment with other comparison groups without steroid us-
age or received other treatments. Although it is un-common 
for RCTs to look for risk factors directly, some RCTs may still 
report ONFH as complications after steroid treatments.

•	 In cohort studies, the exposed group had received steroid 
as a treatment before the study or continuously within the 
study period, while the comparison group without such risk 
factor. 

•	 In case-control studies, the case group had already developed 
osteonecrosis of femoral head while use of steroid would be 
one of the interested exposures in the studies. Case-control 
studies nested in cohort studies will be included if the study 
has described the main effect of steroid usage on ONFH.

Types of outcome measures

Primary outcome: the development of osteonecrosis of femoral 
head on one joint or both joints with diagnosis of osteonecrosis of 
femoral head according to anyone of the follows:

•	 World Health Organization (WHO) standard: ICD-10 
(M8720) as ON induced by drugs.

•	 From previous literatures and medical manuals, such as 
“global hip score (i.e. Harris Hip Score, Mayo Score, Merle 
d’Aubigne-Postel Scores, etc.), hip revision, or the radio-
graphic status” [15].

•	 The definition released in 1993 by the Association Research 
Circulation Osseous (ARCO) that “Bone necrosis as a dis-
ease that causes death of bone, and termed osteonecrosis.” 
and the update by Sugano., et al., the Japan group of ARCO 
in 2002 that “Idiopathic osteonecrosis of femoral head is a 
disease that produces ischemic osteonecrosis of the femoral 
head without trauma or sepsis and progresses to secondary 
osteoarthritis after collapse of the femoral head.” 

•	 As the non-first-stage classification of ONFH in common 
classification systems mentioned in the study by Mont., et al. 
[14], including Classification system of Ficat and Arlet [4,23], 
Classification system of the University of Pennsylvania [21], 
Classification system of the Association Research Circulation 
Osseous [5] and Radiographic Classification system of the 
Japanese Orthopaedic Association [24].

•	 Having collapse of the joint or leading to operation (such as 
total hip arthroplasty).

Searching methods for identification of relevant studies

To comprehensively search to identify all studies relevant 
to the topic, no language restriction was imposed. Papers not in 
English were also considered. However, since MRI is the most ac-
curate measure of diagnosis, only studies after 1985 (MRI starts 
to be used in human subject officially in 1977, but becomes more 
commonly use in osteonecrosis since approximately 1985) were 
included to ensure the quality of diagnosis method. The topic has 
many related animal studies, however, only human studies were 
considered based on the topic of this study.

1. osteonecrosis.mp.
2. avascular necrosis.mp.
3. ischemic necrosis.mp.
4. femoral head.mp.
5. femoral head necrosis.mp.
6. steroid*.mp.
7. corticosteroid*.mp.
8. glucocortcoid*.mp.
9. cortisone*.mp.
10. adrenal cortex hormone*.mp.
11. risk*.mp.
12. exp osteonecrosis or exp femur head necrosis or 

exp bone necrosis/ MeSH
13. exp steroid/or exp corticosteroid/ MeSH
14. 1 or 2 or 3 or 5 or 12
15. 4 and 14
16. 6 or 7 or 8 or 9 or 10 or 13
17. 15 and 16
18. 11 and 17
19. limit 18 to (human and yr=”1985 -Current”)

Table 1: Lists of vocabularies and text words for database 
 searching.
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Electronic searches

Relevant studies were searched from the following six elec-
tronic databases: Cochrane Library, PubMed-MEDLINE, EMBASE, 
AMED, CINAHL and China Journal Net (CJN). The search covered 
the literature published up to October 2020. Sensitive search strat-
egies using controlled vocabulary and text words were developed 
for each database based on items. The details are listed in Table 1 
below. Since restriction may reduce the sensitivity in search, spe-
cific search strategy to filter cohort and case-control studies was 
not applied since these observational studies have not been previ-
ously labelled properly.

Searching other resources

The reference lists of all eligible primary studies and published 
reviews from electronic searching, which met all the selection cri-
teria, were checked. Hand searching was also conducted to identify 
relevant studies. Key journals of epidemiology, orthopaedics and 
related topics about ONFH were also searched. Conference and 
seminar papers were also been searched for relevant contents. Au-
thors of the identified primary studies were contacted by emails 
for missing details and to seek for additional information.

Data collection and analysis
Selection of studies

Two reviewers conducted database searches in duplicate inde-
pendently. Titles and abstracts were selected applying inclusion 
and exclusion criteria. Studies, which were clearly not related to 
the ONFH and steroid usage, were excluded. The two reviewers in-
dependently assessed the full text of the remaining studies for in-
clusion and exclusion criteria. Inclusion criteria: RCTs, cohort stud-
ies and case-control studies, and published between 1985 to 2020. 
No restriction was placed on the year of publication or language. 

Exclusion criteria: Non-human subjects, animal studies, cross-
sectional studies and case-reports or case-series, studies without 
control group(s), systematic literature reviews and editorials. Pri-
mary studies without full text version and with no response from 
the correspondence author were also excluded. Discussions be-
tween the two reviewers were done for disagreements.

Assessment of methodological quality

Specific assessment methods and tools to appraise the method-
ological quality assessment of the included studies according to its 
nature. For RCTs: Assessment of bias in the included studies fol-

lowed the recommendations as described in Chapter 8 of the Co-
chrane Handbook for Systematic Reviews of Intervention 6.0 [6]. 
A specific table on the risk of bias assessment was developed ac-
cording to the above recommendations [29]. The key issues to be 
addressed are: adequate sequence generation, allocation conceal-
ment, blinding, reporting incomplete outcome data (dropouts), no 
selective reporting, and no potential threats to validity.

For cohort and case-control studies: the Newcastle-Ottawa 
Scale [26] was used in combination of extra assessment criteria 
selected by the author. The extra assessment criteria were modi-
fied from McLean., et al. [10] which the scoring system was also 
adopted and modified. The scoring system in current review, with 
maximum score of 19, will consider primary studies having over 
half of the maximum score (i.e. 10 or more out of 19) to be having 
good quality. A specific form was developed for the two reviewers 
to assess the quality of the selected primary studies. After the dis-
cussions among reviewers to settle the different scorings, the low 
quality papers might be excluded.

Measures of treatment effect

The risk ratio (RR) and 95% confidence interval (CI) were ex-
plored for outcomes in RCTs and cohort studies while odds ratio 
(OR) and 95% CI for case-control studies. The data from non-ran-
domized studies were more likely to have bias and heterogeneity.

Assessment of heterogeneity

Heterogeneity of the results has been assessed by visual inspec-
tion of the forest plots and by the I2 statistic (test of the hetero-
geneity). The significance of heterogeneity was re-ported and the 
potential sources were explored. Appropriate measures, such as 
“post hoc” analysis, would only be used when necessary.

Subgroup analysis and intervention of heterogeneity

The subgroup analysis was performed for results with marked 
heterogeneity when possible subgroups, such as difference in 
study design, age, gender, race, type of steroid used, dosage, under-
lying disease for steroid use, methods of measuring the outcomes 
etc. can be identified.

Sensitivity analysis

A sensitivity analysis was performed using the criteria for as-
sessment of risk of bias. This was to assess if there is any difference 
of results in high quality primary studies when comparing with low 
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quality ones. The low quality studies, which greatly affect the main 
effect of the results while unable to explain by subgroup analysis, 
are excluded.

Results and Discussion
Results of the search

The initial electronic searches identified 438 literature from the 
databases and searches through other sources. After checking du-
plicates, 144 were removed, leaving a total of 294. After reading 
the titles and abstracts, a further 165 were eliminated after screen-
ing, including 29 case-reports, 38 narrative and general reviews, 
96 irrelevant topics and 2 without full texts available, leaving a to-
tal of 129 for eligibility assessment. A further 124 full-text articles 
were removed as they failed to fulfill the selection criteria in which 
85 articles are not RCT, cohort or case-control studies, 3 citations 
are prognostic studies, 8 studies were found to have comparison 
groups of interest but without a placebo group (i.e. a group with-
out steroid exposure), 14 citations have not got relevant data for 
extraction, 19 citations were excluded after further checking and 
discussion between the two reviewers to confirm the contents of 
the studies are irrelevant to this review. 

Corresponding authors have been contacted by email upon 
their email addresses were provided in the articles. However, until 
the date of report, none of the authors has replied, while one email 
address was found to be invalid. A total of 5 articles were finally in-
cluded in the qualitative synthesis. These 5 articles were included 
in the quantitative synthesis as these included all the data and vari-
ables required. The flow chart (Figure 1) shows the process of the 
study selection.

Included studies

Five primary studies were included for this review. There are 
no RCTs, three small sample cohort studies, one case-control study, 
and one case-control study nested in a survey. They were conduct-
ed in Japan [19], the United States [2,9,11] and Canada [28]. All of 
them were published in English. The summary of the characteris-
tics of the included studies are reported in table 2 below. It includes 
the information about the methods, participants, interventions, 
outcomes and risk estimation of the included research.

Characteristics of the participants

The five studies contained a total of 926 individuals with a mean 
age of 46.0 (range from 15-82) years (71.7% were male). The de-

Figure 1: Preferred Reporting Items for Systematic 
Reviews and Meta-analyses (PRISMA) flow diagram of the 

search strategy.

tail numbers of participant distribution are provided in Table 2. All 
participants (including control subjects in case-control studies) 
in the included studies were non-community samples recruited 
through hospital or clinic records. The three cohort studies recruit-
ed patients with asthma, inflammatory arthritis, chronic pulmo-
nary diseases, and spinal cord injury [2,9,28]. 

The case-control study nested in a survey [11] recruited HIV-
infected participants and a multi-centre case-control study [19] 
recruited patients from eight orthopaedic surgery departments in 
Japan with various diseases.

Characteristics of the interventions

In view of the dosage of steroid used in selected studies, the 
steroid exposure methods and levels were different among the in-
cluded studies. The dosage of steroids received by the participants 
in the two case-control studies have not been specified whilst only 
the presence or absence of exposure was recorded. 
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Author and 
Year Methods Participants Interventions Outcomes Risk Estimation

Colwell.,  
et al. 1996 
[2]

Prospective 
Cohort study 

10 year follow 
up for 2 groups 
of patients and 
their controls

Group I-A: Asthmatic Patients 
with corticosteroid  

administration (N = 32) 
Group I-B: Asthmatic Patients 

without corticosteroid  
administration (N = 9) 

Group II-A: Inflammatory 
Arthritis Patients with  

corticosteroid administration 
(N = 39) 

Group II-A: Inflammatory 
Arthritis Patients without 

corticosteroid administration 
(N = 11)

Receiving corticosteroids 
Group I-A: average of 2201 

mg per year per patient 
Group II-A: average of 1967 

mg per year per patient

Development of  
Osteonecrosis of  

femoral head

Harris Hip Rating and 
Radiographic Follow 

up

No cases of ONFH 
reported from 
all comparison 
groups, no risk 

estimation cannot 
be done

Kwong.,  
et al. 1987 
[9]

Retrospective 
Cohort study 

At least 1 year 
follow up

Group I: Patients received 
corticosteroids for >1 year 

for asthma and other chronic 
pulmonary diseases (N = 51) 

Group II: Control patients 
without corticosteroid  

exposure (N = 31)

Receiving corticosteroids 
Exposed group: Mean  

lifetime dose 27.1 g  
(1.4-136.9)

Multiple outcomes 
observed: 

- cushingoid features 
- ocular complications 

- skeletal  
complications  

(including subgroup 
of aseptic necrosis of 

femoral head) 
- other complications 

(such as hypertension, 
psychosis, etc.)

Unclear method of 
diagnosis but men-
tioned subsequent 

total hip replacement 
operations for cases 

with ONFH

5 cases of ONFH 
from the exposed 

group while no 
cases reported 

from the  
non-exposed group

Miller., et al. 
2002 [11]

Case control 
study nested in 

a cross-sectional 
survey 

 
No matching was 

performed

339 HIV-infected participants 
- Cases: N = 15 with mean age 
= 44.4 (+/-7.8) and 93% male 
- Control: N = 324 with mean 
age = 41.9 (+/-7.6) and 92% 

male 
 

118 HIV-negative participants 
(no data for further  

steroid-related evaluation)

Use of corticosteroids in any 
lifetime 

 
Other potential risk factors 
mentioned such as alcohol 

abuse, lipid-lowering agents, 
etc.

MRI findings consis-
tent with  

Osteonecrosis of  
femoral head  

asymptomatic patients, 
groin or hip pain cases 

excluded

MRI scanning and 
physiatrist evaluation 
(no in all participants)

The authors report 
the risk in RR,  

RR = 3.8 (1.3-11.0)
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Sakaguchi., 
et al. 2010 
[19]

Multicenter 
case-control 

study 
 

Participants 
matched by sex, 

age and ethnicity 
 

Data collected by 
mailed  

questionnaire

All subjects recruited from 8 
departments of orthopedic 

surgery in Japan 
- Cases: N = 73 with mean age 
= 44.0 (20-79) and 63% male 
- Control: N = 250 with mean 
age = 47.5(18-79) and 60% 

male 
 

Matching ratio of case to  
control from 1:1-1:5

Varies risk factors has been 
explored: 

Oral corticosteroid,  
gastrointestinal drugs,  
sleeping drugs, vitamin 

supplement, drinking and 
smoking

Development of  
osteonecrosis of  

femoral head

Radiological features, 
bone scan, MRI results, 

histological features 
Based on the criteria 

proposed by Research 
Committee on the  

Idiopathic 
 Osteonecrosis of the 

Femoral Head  
supported by the  

Ministry of Health, 
Labour, and Welfare of 

Japan

Unadjusted OR = 
14.3 (6.36-32.2) 

 
Adjusted OR = 20.3 

(6.73-61.5)

Wing., et al. 
1998 [28]

Retrospective 
Cohort Study 

 
Retrospective 

data from  
non-exposed 

group (not 
prospectively 

followed) 
 

6-12 months 
follow-up

91 spinal cord injured patients 
- Exposed group received 

steroids: N = 59 with mean 
age=32 (15-64) and 5 women 
- Non-exposed group: N = 32 
with mean age=34 (16-65) 

and 7 women

Short term megadose  
methylprednisolone 

 treatment following one of 
the following 3 protocols 

- received a 30 mg/kg  
loading dose of Mpred given 
over 15 min, followed by a 

45 min pause before  
beginning maintenance by 

a 5.4 mg/kg/hr intravenous 
infusion for 23 hrs 

- received a naloxone 5.4 
mg/kg bolus with a 4 mg/
kg/hr infusion for 23 hrs 

- received a 30 mg/kg bolus 
followed by a 5.4 mg/kg/hr 
Mpred intravenous infusion 

for 23 hrs.

Development of  
avascular necrosis

MRI scanning

No cases of ONFH 
reported from 
all comparison 
groups, no risk 

estimation cannot 
be done

Table 2: Characteristics of included studies.

The study from Colwell., et al. [2] included patients having con-
tinuous (routine usage), intermittent (short-term intra-articular 
injection) and burst (short term large doses) administration of 
corticosteroids [2]. The average steroid dosages used were 2201 
(range: 53-2012) mg per patient per year for asthmatic patients 
and 1967 (range: 8-1936) mg per patient per year for inflammato-
ry arthritic patients during the 10 years of follow-up. Participants 
from the study of Kwong., et al. [9] received mean lifetime dose of 
corticosteroids of 27.1 (range: 1.4-136.9)g in 7 (range: 1-25) years 

(i.e. average 3871 mg per patient per year). The steroid used in the 
study of Wing., et al. [28] was described in more detail.

Naloxone and methylprednisolone were used in several treat-
ment protocols (see de-tails from the table of characteristics of in-
cluded studies) with 97.4-154.0 mg/kg steroid administration per 
patient in 24 hours, whilst the treatment started within 8 hours of 
spinal cord injury.
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Characteristics of the outcomes

The development of ONFH was at least one of the outcomes 
in all five included studies. Miller., et al. [11] only focused on the 
asymptomatic type of ONFH. Except Kwong., et al. [9] which has 
not been specified in detail, X-ray or MRI findings were the major 
methods used to confirm the outcomes of ONFH.

Methodological quality assessment

For the quality assessment of the included studies, the risk of 
bias in included studies was evaluated. NOS was used to assess the 
risks of biases of the included cohort and case-control studies.

Cohort studies

Findings of the quality assessment of the included cohort stud-
ies are shown in table 3.

•	 Subject selection: Among the three cohort studies, all sub-
jects were from hospital sampling with most are historical 

Study ID

NOS for cohort studies
Other Assessment 

items (max:10)
Overall score 

(max:19)
Selection

(max:4)

Comparability

(max:2)

Outcome

(max:3)
Colwell 1996 *** - ** ****** 11
Kwong 1987 ** * - ** 5
Wing 1998 ** - * **** 7

Table 3: Summary table of methodological quality assessment: Cohort Studies.

control from the hospital records. The sample size of the 
cohorts were small, especially the control (non-exposed) 
groups were below 50 subjects. All exposure information 
collected was based on medical records.

•	 Comparability: Only Kwong., et al. [9] mentioned control-
ling for age range during non-exposed group subject selec-
tion. However, none of these three cohorts had mentioned 
any statistical adjustments on the confounding factors.

•	 Outcome: Radiographic films, Harris Hip Rating scale, and 
MRI scan were used for determining the outcome in two 
cohorts. Unclear diagnostic method was mentioned in the 
study by Kwong., et al. [9] while all cases were subsequently 
required total hip replacement surgery [2,9]. Only Colwell., 
et al. [2] followed the participants over 10 years and report-
ed the high loss of follow-up rate while the other two cohorts 
only followed the subjects for about one year.

Case-control studies

Findings about the quality assessment of the included case-con-
trol studies are shown in table 4.

•	 Subject selection: All subjects (both case and controls) in 
the two included studies were from hospital/clinic or from 
the hospital records. The sample sizes were relatively larger. 
Radiographic features, bone scan results, histological fea-
tures and MRI scan [19,28] were used for determining the 
outcome. 

•	 Comparability: Sakaguchi., et al. [19] matched the controls 
by sex, age group, and ethnicity (only Japanese) but not 
in fixed proportion while statistical adjustment for other 
medical or behavioral confounders was reported. The cases 
and controls from the study by Miller., et al. [11] were not 
matched and without any statistical adjustment preformed.

•	 Exposure: The exposure information collected was based 
on self-administered questionnaires. Non-response rate 
only mentioned in the study by Sakaguchi., et al. [19].

Three out of five studies scored less than 10 points, which can 
be regarded as very low quality [9,11,28]. Colwell., et al. [2] study 
scored 11/19, which could be considered as low-medium quality 
while Sakaguchi., et al. [19] study scored 14/19 could be regards 
as medium to high quality study. The comparability seems to be 
one of the critical problems among the low quality studies. This 
indicates the results obtained from these low quality papers are 
particularly questionable and thus inconclusive.

Effects of interventions

The summary of the findings of the analyses of the main com-
parisons about the effects of interventions is shown in table 5 be-
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Study ID

NOS for case-control studies
Other Assessment 

items (max:10)
Overall score 

(max:19)
Selection

(max:4)

Comparability

(max:2)

Exposure

(max:3)
Miller 2002 ** - * * 4
Sakaguchi 2010 *** ** ** ******* 14

Table 4: Summary table of methodological quality assessment: Case-control Studies.

low. Owing to different statistical methods for cohort and case-con-
trol studies, sub-group analyses were performed although there 
was only one outcome of interest in this review.

Figure 2: Forest plot for 3 cohort studies (Fixed effect 
model). 

*Fixed effect model used since only one primary study able 
to contribute to the relative risk calculation.

Outcome or 
Subgroup Studies Participants Statistical 

Method
Effect 

Estimate

Development 
of ONFH  
(cohort  
Studies)

3 264
Risk Ratio 

(M-H, Fixed, 
95% CI)

7.45 
[0.40, 

139.58]

Exposure 
of steroids 
(case-control 
studies)

2 662
Odds Ratio 
(M-H, Ran-

dom, 95% CI)

7.05 
[2.19, 
22.67]

Table 5: Summary table about data analyses of the main  
comparisons about the effects of interventions.

For the cohort studies, the forest plot (Figure 2) showed that 
the relative risk of the pooled data is 6.77 with 95% CI (0.39 to 
118.36). This indicates when compared to people having steroid 
usage to those do not have steroid exposure, no statistically signifi-
cant differences in the risk for the development of osteonecrosis 
of femoral head. However, since no relative risk can be calculated 
from Colwell., et al. [2] and Wing., et al. [28] which both reported no 
development of osteonecrosis of femoral head in both exposed and 
non-exposed groups [2,28], the final result only reflected the re-
sults from the study of Kwong., et al. [9]. Thus, there is not enough 
information for heterogeneity assessment to be performed [9].

For case-control studies, since the heterogeneity of studies is 
high (I-square=69%), random-effect model was adopted in the 
analysis. The forest plot (Figure 3) showed the pooled data from 
the 2 case-control studies, pooled odd ratio is 7.05 with 95% CI 
(2.19 to 22.67) which is statistically significant. As there are only 

two included studies in this analysis with high heterogeneity in 
results, performing sensitivity analysis will not yield meaningful 
result for interpretation.

Figure 3: Forest plot for 2 case-control studies (Random 
effect model). 

*Random effect model used since large heterogeneity of the 
primary studies (I2 = 69%).

Discussion
Summary of main results 

This review is the first systematic review with meta-analyses 
attempt to find the risk ratio of steroid usage compared with no 
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such exposure in the development of ONFH of people at all ages. 
The current data from the 2 subgroups are similar in risk ratios but 
inconsistent in confident intervals for the same outcome. Although 
the results from the two case-control studies both supported the 
hypothesis of high risk of steroid usage in development of osteone-
crosis of femoral head, the small number of studies identified with 
potential reporting bias should also be considered when interpret-
ing the results. 

Out of the three cohorts, two of them have no cases reported 
with the target outcome in all comparison groups, and one showed 
statistical insignificance of risk ratio estimation (only 5 cases in the 
whole cohort). The two studies without reported cases of ONFH 
were considered not estimable in meta-analysis while they also 
contribute to the inconsistency of results. These should all be con-
sidered whilst interpreting the results. Since cohort studies should 
be the better design to answer etiological questions, we cannot be 
able to draw conclusion with such the small sample sizes and poor 
quality of the included studies.

Overall completeness and applicability of evidence 
Methodological quality 

The heterogeneity of the results among the primary studies 
could be related to quality of the study methodology, biological 
variations due to study target populations, techno-logical varia-
tions of outcome measures/definitions and intervention variations 
of types/dose of steroids used. The five studies had different target 
populations, which may differ from symptoms and co-morbidities. 
Some populations like chronic pulmonary diseases [9] might have 
higher probability of having other potential risk factors like smok-
ing which may not be well controlled or reported in the study. Mill-
er., et al. [11] had chosen HIV-infected patients as the target popu-
lation. However, HIV infection alone, anti-retroviral treatment or 
protease inhibitor treatment could be risk factors for osteonecrosis 
of femoral head in HIV-infection population [12].

Outcome measures 

Although development of osteonecrosis of femoral head was the 
common outcome of interest in all five included studies, the defini-
tions of the outcome and the method of diagnosis differed between 
studies. Kwong., et al. [9] had the least descriptions on the diag-
nostic method while the use of MRI may not be as popular at 80s 

and thus the authors mentioned the cases all had to go through 
operations for joint replacement to confirm the presence of out-
come. Colwell., et al. [2] only used X-ray films and a clinical scale for 
diagnosis of the outcome. This may imply that some cases which 
meeting the definition of outcome of this review were not detected 
due to the choice of diagnostic method. 

In contrast, Miller., et al. [11] only target patients with asymp-
tomatic osteonecrosis of femoral head and excluded all cases with 
groin or hip pain. This reduction of potential cases may also cause 
selection bias for the risk ratio estimation.

Dosage-response relationship and types of steroids 

The included clinical studies involved the prescription of differ-
ent dosages and types of steroids (e.g. oral corticosteroids, intra-
articular injection, pulse therapy or routine use, etc.) as the inter-
vention. Hence, the estimation of dose-response relationship from 
the cur-rent included studies is difficult. Differences in mean dose 
of steroid used or types of steroid administration again, varied 
among these studies and difficult for direction comparison. These 
small sample case-control studies most reported no significant dif-
ferences in total dose and/or mean dose received by patients. Fur-
ther studies about the types and dosages of steroids to be used and 
the risk of ONFH may be clinically meaningful for the prevention of 
such clinical problem.

Study design and quality of the evidence 

The quality of the related studies are low in general. Many stud-
ies about this topic with anecdotal evidence and in poor controls 
of their quality. In view of the study design of the evidence, there 
is no relevant RCTs identified. This may be due to the ethical con-
cerns of conducting a research with potential adverse effects using 
RCTs and the long follow-up period may be needed for the devel-
opment of ONFH after the initial exposure. The included studies 
contain three cohorts and two case-control studies. Newcastle-
Ottawa Scale for cohort and case-control studies with ten points 
assessment items [10] were adopted to form a scale for quality as-
sessment of the studies, which is specific enough to appraise the 
quality of those kind of included studies. Thus, GRADEpro was not 
used for this review.

Studies with low score from NOS tended to have low score out of 
the ten items. The patterns and details of the scoring can be found.
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Potential biases in the review process

We had tried to maximize the known synonyms for the search 
keywords, setting without language barrier and types of publi-
cation during electronic searches, and emailing corresponding 
authors for further information to reduce potential biases in lit-
erature search. Although no grey literatures/citations were identi-
fied from search results, we believe we have tried to minimize the 
chance of missing relevant studies in the field.

Agreements and disagreements with other studies or reviews 

The only identified quantitative review was the study from Fel-
son., et al. done in 1987 [3]. However, it only included evaluation 
on steroid dose and bolus steroid on the risk of avascular necrosis 
of bone. It showed similar results as the excluded studies of our 
current review. Some narrative reviews or systematic literature 
reviews were found but none of them specified the risk of steroid 
usage in the development of ONFH [12-15].

Implications for practice

Although the risk of steroids towards the development of ONFH 
remains uncertain, the included studies and excluded studies are 
pointing out that the risk still exists and being co-related to patient 
co-morbidity, steroid treatment modality and dosage, etc. There-
fore, due to various potential of negative effects of using steroids, 
particularly in long-term, healthcare professionals should carefully 
prescribe steroids and remind their patients to be aware of the risk 
of other potential side-effects of using steroids.

Medical practitioners should balance the potential risks and 
benefits of using steroids therapy according to both of the spirit of 
evidence-based practice and patient-centered clinical judgement in 
practice when they prescribe steroids. For the needs of controlling 
the exacerbation of the negative effects of the inflammatory condi-
tions; including the result of COVID-19 infection, the unique clini-
cal values of steroids should not be overlook by clinicians due to 
the reference of the uncertain and unconfirmed research reports. 
Careful assessment, close clinical monitoring and the screening of 
people in high-risk of developing osteonecrosis should be provided 
by the medical practitioners if the use of steroids is unavoidable 
to manage certain diseases and/or clinical conditions; such as CO-
VID-19.

Whilst the risk and dose-response relationship cannot be con-
firmed, adjuvant therapies should be prescribed during steroid 

treatment period. For instance, bisphosphonates and vitamin E 
should also be prescribed to patients; anticoagulants, vasodilators, 
physical therapy, exercises or combined therapies.

Implications for research

Literature on the risk of steroid usage to the development of 
ONFH is constantly growing together with more understanding of 
the diagnosis and drug effects, and changes in dosages used. This 
poses the question whether it would be useful to constantly update 
this topic with different angles to allow more potential relevant 
comparisons and under-standings of this area or not.

Report of the RECOVERY trial implies the practical value of 
steroids therapy for the management of clinical conditions due to 
COVID-19 infection. However, this review shows that clinical stud-
ies are still required to clearly understand the risks of developing 
ONFH from the use of steroids. Steroid therapy still has its clinical 
value for the management of severe inflammatory conditions in-
cluding the consequences of COVID-19 in the pandemic. Due to the 
limited evidences being identified, further researches with large 
cohort or case-control studies would be useful to determine the 
risk factors for the development of ONFH. The information from 
excluded studies also suggested that further researches on treat-
ment modalities like pulse therapy, dosage of steroid usage, or the 
links between steroid usage and co-morbidity of patients would be 
useful to help clinicians in making decision on treatments and dos-
ages.

Limitation
Most of the included studies are low in methodological quality. 

Thus, a conclusive result of high level of evidence is limited to yield 
due to many potential biases and unclear information in the study 
reports. In addition, the focuses of this review are on analyzing the 
risk effect and the dose-response relationship of using steroids 
particularly to the development of ONFH (i.e. comparing risk be-
tween exposure and non-exposure of steroid). Therefore, studies 
without a placebo group (non-exposed group) were excluded in 
this re-view, which may contain information about the adverse ef-
fects of steroids usage to the musculoskeletal system.

Conclusion
To manage COVID-19 and the associated inflammatory condi-

tions due to the infectious conditions, the use of steroids is rec-
ommended for the pandemic. Whilst the clinical guideline for the 
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suitable prescription of steroids is unclear, the potential risks from 
the administration of steroids remains a concern in actual practice 
including the risk of developing ONFH. This systematic review in-
dicates that it is not possible to confirm the use of steroid therapy 
leads to the consequences of ONFH based on the specific clinical 
studies. It is inconclusive about whether people received steroids 
would have higher risk of having ONFH. There are five cohorts and 
case-control studies could be identified in the specific areas about 
the use of steroids and the risks of developing ONFH. Studies are 
mostly heterogeneous. None of the reported studies was random-
ized. The reporting of confounders and other parameters of lots of 
the related studies was poor. There are wide differences in relation 
to the dosages, types and prescriptions among the similar studies. 
Dose-response relationship of steroid therapy to the relative risk 
of ONFH remains un-clear. Due to the relatively low quality of the 
studies, it is not possible to draw a confirmed conclusion from the 
related evidence regarding to the relationship of the use of steroids 
and the risk of developing ONFH.

Similar risk ratios favouring steroids usage being associated to 
the development of ONFH were found from the sub-group analy-
ses of the studies identified in this review. There are differences in 
their confidence intervals. The heterogeneous results from these 
primary studies and the potential biases from two not estimable 
studies will need to be considered when interpreting the results. 
As the quality of the included studies is generally low, current avail-
able evidence is heavily limited. The development of ONFH from 
using steroids is still inconclusive, as the risk remains uncertain 
from current evidence.

Whilst the risk of using steroids for developing ONFH cannot 
be confirmed, the unique clinical values of steroids should not be 
overlook due to the reference of the uncertain and unconfirmed re-
search reports. Steroids therapy remains its values patients such 
as those infected with COVID-19 in the pandemic. To minimize the 
possible risks from the use of steroid therapy, it should be adminis-
tered with caution in clinical practice. Robust research are needed 
to determine suitable dosage and safe guidelines for using steroids 
to obtain the best therapeutic effects of this medication to benefit 
for the mankind. 
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