
Contents lists available at ScienceDirect

Clinical Epidemiology and Global Health

journal homepage: www.elsevier.com/locate/cegh

Osteo-necrosis of femoral head in North Indian population: Risk factors and
clinico-radiological correlation

Tarun Goyala,∗, Anant Singha, Rahul Sharmab, Arghya Kundu Choudhuryb, Shobha S. Aroraa

a Department of Orthopaedics, All India Institute of Medical Sciences, Rishikesh, India
bAll India Institute of Medical Sciences, Rishikesh, India

A R T I C L E I N F O

Keywords:
Osteonecrosis
Avascular necrosis
Hip
Total hip replacement

A B S T R A C T

Introduction: Osteonecrosis of femoral head (ONFH) is a common cause of destruction of hip joint in young
patients and is one of the commonest indications of total hip replacement in India and other Asian countries.
Data on risk factors for avascular necrosis and their relation to clinical and radiological outcomes is scarce. This
study will help to understand the epidemiology of the condition and quantitatively define risk of disease with
exposure to various known risk factors.
Materials and methods: 100 patients diagnosed to have ONFH and 100 matched controls were included in this
prospective study. Details regarding alcohol consumption and steroid use were taken. Association between
Harris hip score & Visual analogue scale for pain and Ficat staging and area of femoral head involvement on MRI
was studied. Association between amounts of alcohol and steroid consumed (average and cumulative doses) and
clinical and radiological variables was also studied.
Results: Corticosteroid exposure was present in 44%, alcohol in 30% patients and 22% cases were idiopathic.
There was a statistically significant difference between average weekly alcohol consumption, drink-years,
average daily dose of steroid and cumulative doses of steroids between the cases and the controls. Odds-ratio for
steroid exposure in cases with ONFH was 134.5, 0.0006, and odds-ratio for alcohol exposure was 32.7, 0.0001.
There was a significant correlation between the amount of alcohol (r=−0.348, p=0.02) and steroid
(r=−0.334, p= 0.001) consumption and HHS, and between amount of alcohol (r= 0.312, p=0.035) and
steroid (r= 0.546, p=0.001) consumption and area of femoral head involvement. There was a strong positive
correlation between clinical and radiological parameters (area of femoral head involved and HHS, r=−0.70,
p= 0.000).
Conclusion: Risk factors such as steroid intake and alcohol intake are important and accounts for majority of the
cases of ONFH. The quantity of these exposures is directly related to the severity of disease on clinico-radi-
ological scales.

1. Introduction

There is a huge disparity in indications for total hip replacement in
Asian countries and western part of the globe. Osteonecrosis of femoral
head (ONFH) is an uncommon indication of total hip replacement
(THR) in USA and other western countries where osteoarthritis of hip is
more common.1–3 Recent literature originating from Asian countries
has shown that ONFH is far more common in these countries, ac-
counting for about half of all THRs performed.4–7 Due to lack of multi-
centric joint registries in India, data on proportion of ONFH amongst
patients undergoing THR is lacking. Nonetheless, it is generally agreed
that ONFH is much more common in India than in the western world.

Major risk factors for development of ONFH include steroid con-
sumption, alcohol use or trauma to the hip joint.1,5,6 Data on risk fac-
tors for avascular necrosis in Indian patients is not known. Knowledge
of risk factors of ONFH may help to identify patients at risk of devel-
oping avascular necrosis. This is important because natural history of
untreated osteonecrosis of femoral head is dismal.8 Majority of these
will eventually progress to significant collapse and secondary degen-
erative arthritis. By the time most patients come to clinical attention,
significant collapse of the femoral head has already occurred.

The aim of this study is to study relative prevalence of various
known risk factors of ONFH in population from North India.
Correlations between amount of exposure, clinical and radiological
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severity of the disease will also be studied.

2. Material and methods

A convenience sample of all adult patients (more than 18 years), of
either sex, presenting to orthopaedic clinic between July 2016-
December 2017, and diagnosed to have ONFH was taken for study.
Since this is the first study correlating alcohol and steroid intake and
clinic-radiological parameters, and no reference of coefficient coeffi-
cients is available in literature, sample size calculation could not be
done. Informed consent was obtained from each participant prior to the
study. Ethics approval for the study had been taken from the ethics
committee of the institute. All these patients had undergone antero-
posterior and lateral radiographs and magnetic resonance imaging
(MRI) of the hip joint. Definite diagnosis of avascular necrosis was
made on the basis of characteristic MRI findings. Patients having
symptoms for more than 5 years were excluded from the study to re-
duce risk of recall bias. The retained participants were interviewed
during their clinical visit about various risk factors for ONFH in last 5
years. Details regarding alcohol consumption and steroid use were
taken. Type, amount and total duration of alcohol use was taken from
the subjects. Average weekly amount of alcohol consumed was calcu-
lated in terms of units of ethanol consumed per week. Multiplying
average weekly consumption of liquor in millilitres by the percentage of
ethanol contained in the liquor gives the daily ethanol consumption.
One alcohol unit is measured as 10ml of pure ethanol. This equals one
25ml single measure of whisky, vodka, rum, country-liquor (average
alcohol content 40%) or a third of a pint of beer (average alcohol
content 5–6%). Use of locally made country-liquor is also common in
this region and the percentage of its alcohol content is not standardised
and may vary from 35% to 45% according to local standards. The al-
cohol content was taken as 40% for this study. Drink-years were cal-
culated as number of units consumed per week multiplied by the
number of years of consumption. Since unlike corticosteroid exposure, a
large proportion of normal population would be exposed to alcohol
because of social drinking a cut-off limit for alcohol exposure was de-
fined. Patient was considered to be exposed to alcohol if the weekly
consumption was more than 21 units, which equalled to about 3 units
consumed on most days. Units of alcohol consumed per day and drink-
years of alcohol consumption were correlated with pre-operative Harris
Hip Score (HHS), Visual analogue scale (VAS) for pain from 1 to 10 with
10 being the worst score, radiological stage of disease and area of in-
volvement of the femoral head. HHS is a frequently used outcome
measure in hip disorders. It measures pain, function, deformity and
range of motion and scores range between 0 and 100, with higher
scores meaning a better hip function.

Similarly, details on dose, drug, route and duration of administra-
tion were taken for steroid use. The amount of different steroids con-
sumed were converted to equivalent doses of prednisolone consumed.9

Daily doses of steroid used and cumulative doses of steroid consumed
over time were correlated with HHS, VAS score for pain, radiological
stage of disease and area of involvement of the femoral head. History of
significant trauma to the hip joint leading to fractures or dislocations
were noted. Type of injury, treatment given and duration since injury
were noted. Patients not having exposure to any of these studied known
risk factors were classified as idiopathic group. Before labelling a pa-
tient as having idiopathic avascular necrosis other risk factors such as
sickle cell disease, coagulopathies, Caissons disease, Gaucher's disease,
pregnancy or oral contraceptive use were excluded on the basis of
history, physical examination and previous medical records.

The clinical examination findings, Harris Hip score (HHS) and visual
analogue scale (VAS) score for pain were noted. Radiological grade of
ONFH on plain radiographs was noted according to the staging given by
Ficat.10 The percentage of femoral head involvement by the necrotic
lesions was measured on magnetic resonance images (MRI) using
technique described by Kim et al.11 We measured the largest medio-

lateral diameter of the femoral head (R) and the longest medio-lateral
length of the necrotic lesion (A) on coronal magnetic resonance images
and the largest antero-posterior diameter of the femoral head (S) and
the longest antero-posterior length of the necrotic lesion (B) on sagittal
magnetic resonance images. The two-dimensional extent of a necrotic
lesion was determined with the equation: % area = [(A*B)/
(R*S)]*100.

One control was identified for each case included, which was mat-
ched for age, sex and BMI. These controls were asymptomatic voluntary
participants, preferably the people accompanying the patients to hos-
pital, who had no complaints in the hip joint, no prior history of hip
involvement and normal examination findings on clinical examination
of the hip joint. Details of steroid and alcohol consumption were
compared between the cases and the controls.

Three different observers were involved in the study, one for
questioning the patients about risk factors for avascular necrosis, one
for noting VAS score and HHS and lastly one for noting the radiological
findings. They were blinded to all other parameters except what they
were studying. Correlation between HHS, VAS and area of femoral head
involvement on MRI was made using Spearman correlation coefficient.
Association between HHS, VAS for pain and Ficat staging was calcu-
lated using ANOVA. Student T test was used to study association be-
tween the continuous variables. Test for normality was done using
Normal Q-Q Plots. Fisher's exact test was used for studying association
between for FICAT stage and types of ONFH as some values in each
category were less than five. SPSS software version 17.0 (SPSS Inc.,
Chicago, IL, USA) was used for all statistical calculations.

3. Results

A total of 100 patients diagnosed with ONFH presented to our clinic
and were included in the study. Demographic details of the patients,
details of risk factors such as corticosteroid use, alcohol consumption
and clinical and radiological outcomes are shown in Table 1. Corti-
costeroid exposure was present in 44 (44%) patients, alcohol exposure
was present in 30 (30%) of the patients and 22 (22%) cases were
classified as idiopathic. Four patients had post-traumatic ONFH (non-
union neck of femur in 2 patients and acetabulum fracture in 2 pa-
tients). Bilateral involvement of the hip joint was seen in 63 patients.
Bilateral involvement was seen in 33 (75%) patients in the corticos-
teroid group, 20 (67%) patients in alcohol group and 10 (45%) patients
in idiopathic group. There was no statistically significant difference in
mean age, sex, height, weight or duration of symptoms between dif-
ferent groups. There was no significant difference between the groups
in VAS score for pain, HHS or percentage area of femoral head in-
volvement. Patients with steroid induced and alcohol induced ONFH
had a significantly higher proportion of patients with collapse of fe-
moral head using Ficat staging system.

The common indications for corticosteroid use were rheumatoid
arthritis (n= 17), ankylosing spondylitis (n= 9) bronchial asthma
(n= 7) and psoriasis (n= 2). Nine patients had taken anabolic steroids
without any formal medical prescriptions. Average and cumulative
exposure to steroids and alcohol is summarised in Table 2. There was a
statistically significant difference between average weekly alcohol
consumption, drink-years, average daily dose of steroid and cumulative
doses of steroids between the cases and the controls. A significant
correlation was seen between the amount of alcohol and steroid con-
sumption and VAS score for pain, HHS and percentage area of femoral
head involvement (Table 3). There was a significant association be-
tween the amount of alcohol and steroid consumption and Ficat stage
(Table 3). There was a strong correlation between percentage area of
femoral head involved VAS score for pain and HHS. Patients with larger
area of femoral head involvement had greater VAS scores and lower
HHS. Association between Ficat stage and VAS score for pain and HHS
was also statistically significant (Table 4). Odds ratios for exposure to
alcohol and steroids are shown in Table 5.
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4. Discussion

ONFH leads to significant disability in the most productive years of
life and is one of the common causes of hip arthroplasty in younger
individuals. Literature is lacking on prevalence of various known risk
factors for ONFH from India. This is the first study evaluating clinic-
radiological correlation between symptoms, functional scores and
radiological scoring in ONFH. Exposure to steroid and alcohol were
strongly associated with ONFH in this study. Steroid exposure was the
most common risk factor for ONFH in our series, present in 44% of the
patients. This was followed by exposure to alcohol, which was seen in
30% of the patients. Together these amount to about three-fourth of all
patients with ONFH.

We observed a positive correlation between the amounts of steroids
and alcohol consumed and clinical and radiological scores. Larger
amounts of alcohol and steroid consumptions were associated with
worse HHS, higher pain scores and larger areal involvement of humeral
heads. Correlation between the clinical outcomes and radiological
scores was also strong. Association between ONFH and steroid exposure
is well established in literature.12 Though exact mechanism is not
known various theories have suggested role of increased adipocyte
volume, increased intra-osseous pressure and fat embolism as final

mechanisms.13

Tsai et al.14 from Taiwan found that alcohol consumption was the
most common etiology contributing to 45.2% cases of ONFH, followed
by idiopathic AVN in 33.1% and steroid induced AVN in 21.7%. In total
59.1% cases were bilateral. Kang et al.6 from Korea found that 32.4%
patients with ONFH had history of alcohol abuse, and 14.6% were ex-
posed to steroid. Bilateral involvement was noticed in 37%. Fukushima
et al.5 from Japan found a higher incidence of steroid intake (51%) and
alcohol abuse (31%) in their population of patients with ONFH. This
was closer to our findings of 44% steroid induced and 30% alcohol
induced ONFH. In the study by Castro et al.15 mean age of alcohol in-
duced AVN was significantly higher compared to steroid induced or
idiopathic ONFH. There was also higher incidence of collapse in pa-
tients with alcohol induced ONFH (90%) compared to steroid induced
(62%) or idiopathic ONFH (55%). We found that the age of idiopathic

Table 1
Demographic data, clinical and radiological findings in different sub-groups of patients with ONFH (n-100).

Corticosteroid exposure Alcohol exposure No exposure to studied risk factors Post-traumatic P value

Number of patients 44 30 22 4 –
Number of hips 77 50 32 4 –
Mean age (SD) 32.4 (12.6) 37.3 (15.6) 42.6 (18.2) 30.6 (10.1) 0.06
Sex (Male: Female) 34:10 30 males, no females 13:9 3:1 0.8
Mean height in cm (SD) 161 168 164 167 0.45
Mean weight in Kg (SD) 58 70 62 68 0.09
Mean duration of symptoms (months) 4.5 6.3 5.7 7.6 0.08
VAS score for pain

Median (inter-quartile range)
8.4 (2.1) 8.1 (2.2) 7.1 (1.8) 7.3 (2.0) 0.15

HHS 54.6 56.3 60.5 62.4 0.42
Ficat stage 0.04
I 5 4 3 0
II 12 9 9 0
III 36 25 15 2
IV 24 12 5 2
Mean % area of femoral head involved 62% (27.5) 57% (36.2) 45% (18.4) 58% (22.2) 0.17

Table 2
Comparison of exposure to steroids and alcohol between the cases and controls
(n-100).

Cases Control P value

Weekly units of alcohol consumed (SD) 16.6 (4.3) 6.5 (3.6) 0.000
Drink-years (SD) 324 (24.8) 88 (18.3) 0.000
Daily dose of corticosteroids (prednisolone

equivalent in mg) used (SD)
32 (6.6) .8 (0.4) 0.000

Cumulative dose of corticosteroids
(prednisolone equivalent in mg) used
(SD)

17520
(506.4)

48 (26.8) 0.000

Table 3
Correlation/association between amounts of alcohol and steroid consumption and clinical and radiological outcomes (n-100).

HHS VAS for pain Mean % area of femoral head involved Ficat stage

Average weekly consumption of alcohol r=−0.222 r= 0.082 r=0.246 p=0.002
p=0.08 p=0.37 p=0.025

Drink-years of alcohol r=−0.348 r= 0.234 r=0.312 p=0.012
p=0.02 p=0.048 p=0.035

Daily dose of corticosteroids used r=−0.182 r= 0.102 r=0.322 p=0.030
p=0.077 p=0.035 p=0.06

Cumulative dose of corticosteroids consumed r=−0.334 r= 0.252 r=0.546 p=0.015
p=0.001 p=0.015 p=0.001

Table 4
Correlation between functional outcomes (measured by HHS and VAS for pain)
and radiological outcomes (measured by Ficat stage and percentage area of
femoral head involved) (n-100).

HHS VAS for pain

Ficat stage p=0.002 0.015
Mean % area of femoral head involved r=−0.70

p=0.000
r= 0.63
p=0.001

Table 5
Odds ratios for exposure to alcohol and steroids (n= 100).

Number Odds ratio, p-value

Cases exposed to alcohol 30 32.7, 0.0001
Controls exposed to alcohol 2
Cases exposed to steroids 44 134.5, 0.0006
Controls exposed to steroids 0
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ONFH was higher than steroid or alcohol associated ONFH. We found a
higher incidence of collapse in both steroid and alcohol induced ONFH
(Table 1). Total proportion of bilateral cases was also higher in our
series compared to other studies.5,6 Also the proportion of cases with
bilateral involvement was higher in steroid and alcohol induced ONFH.
We also found a positive correlation between amounts of these ex-
posures and clinic-radiological involvement.

This study has several limitations. Cut-off values for alcohol con-
sumption and steroid exposure in causing ONFH have not been studied
yet. Since social consumption of alcohol is otherwise common in most
cultures world-wide, a definition of heavy alcohol use in occurrence of
ONFH has to be studied. We took a cut-off value of weekly consumption
of more than 21 units of alcohol. Since this is the first study correlating
alcohol and steroid intake and clinic-radiological parameters, and no
reference of coefficient coefficients is available in literature sample size
calculation could not be done. Many lacunas need to be addressed on
pathogenesis and outcome of ONFH.16 There is a need of long term
studies on patients with ONFH focussing on natural history of the dis-
ease and survival analysis with THR as end point. Differences in in-
cidence, risk factors and outcomes of ONFH in different populations
also points towards possibility of genetic differences or specific en-
vironmental exposures.

5. Conclusion

Risk factors such as steroid intake and alcohol intake are important
and accounts for majority of the cases of ONFH. Steroid intake has
emerged as the most common factor associated with ONFH in this
study. The quantity of these exposures is directly related to the severity
of disease on clinic-radiological scales. People having these exposures
should be counselled regarding risk of ONFH, and quantity of these
exposures reduced as far as possible. Surveillance of ONFH in these
patients may help diagnosis of these cases before advance collapse of
femoral head has occurred, providing an opportunity of treatment to
these patients.
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