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Background: An increased incidence of osteonecrosis of the femoral head (ONFH) has recently been observed in Iran, likely associated
with the introduction of an illegal, steroid-containing opioid drug, Temgesic. The correlation of risk factors associated with the course of
ONFH has yet to be determined.

Objectives: The purpose of the present study was to assess the effects of etiologic factors on the course of ONFH after emergence of
symptoms.

Patients and Methods: We retrospectively assessed patients with untreated ONFH due to one of the four etiologies of steroid medication,
Temgesic abuse, trauma and idiopathic. Patients with multiple risk factors and those without collapse at the last follow-up visit were
excluded. The effect of age, gender, etiology of osteonecrosis, opium addiction and smoking on the time interval between pain onset and
radiologic collapse were investigated.

Results: In total, 110 patients (174 hips) were categorized into four etiologic groups. The average time between onset of pain to radiologic
collapse in different etiologic groups was 12.8 months for all groups, 12.4 months for steroid, 8.7 months for Temgesic, 18.5 months for
trauma and 16.6 months for idiopathic groups. Thirteen hips had collapse in less than six months. Patients who used steroid and Temgesic
had shorter time interval to collapse, which was statistically significant (P Values < 0.001 and < 0.001, respectively). Smoking had a
statistically significant association with the time to femoral head collapse (P Value = 0.003).

Conclusions: Steroid medications and Temgesic abuse are associated with shorter time interval to femoral head collapse. Smoking is
also a factor associated with shorter time interval to collapse. These factors should be considered in any joint preserving treatments for

patients with FHON.
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1. Background

Osteonecrosis of the femoral head (ONFH) is a devastat-
ing condition, which usually results in hip destruction
in young and middle-aged patients (1). The outcome is be
collapse or arthritis in most patients (2).

Although ONFH can be idiopathic, some etiologic fac-
tors have been identified such as: trauma, steroid medi-
cation, alcohol abuse, coagulation and haematological
disorders, radiation, chemotherapy, Human Immunode-
ficiency Virus (HIV) infection and sickle cell anemia (SCA)
(3). Of note, there has been an increased incidence of os-
teonecrosis in drug abusers in Iran following the intro-
duction of “Temgesic” to the illicit market several years
ago (4). Temgesic is a combination of opioid and steroid
medications and is used intravenously (5).

The natural history of ONFH and the time to collapse
vary in different cases (1, 3, 6, 7). The impact of risk fac-
tors on the natural course of disease has not been clearly

determined. The confounding effects of different modify-
ing factors and common accompaniment of more than
one of these factors in a patient add to the complexity of
the issue.

Literature concurs that without treatment, most hips
affected by ONFH ultimately fail and need a salvage sur-
gery (4). This finding accentuates the necessity of timely
intervention to preserve the hip, since few hip preserving
interventions are available after collapse (1). Having an
estimation of the time to collapse would aid surgeons in
determining the optimal course of action.

2. Objectives

The purpose of the present study was to assess the ef-
fects of etiologic factors on the course of ONFH after
emergence of symptoms.
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3. Patients and Methods

This study was approved by the local ethics board com-
mittee of the orthopedic surgery Department of the Iran
University of Medical Sciences. Included patients had sus-
tained femoral head osteonecrosis and presented to two
referral hospitals in Tehran, Iran (Shafa and Milad hospi-
tals) from September 2008 to February 2011. Documents
of all patients who presented with the diagnosis of FHON
were assessed. We excluded asymptomatic cases, cases
with prior hip surgery (except for trauma-induced hips),
those with any concomitant hip disease, those with more
than one risk factor (e.g. patients under steroid therapy
for Systemic Lupus Erythematosus (SLE)), those receiving
medications suspected to affect the disease course (e.g.
bisphosphonates) and patients who did not have X-rays
before collapse or those in whom the date of collapse
could not be determined with three months accuracy.
Patients with uncommon etiologies were also excluded.

All patients were thoroughly investigated for presence
of any known risk factors for ONFH to categorize them
into different groups. A meticulous history was taken
from each patient, focusing on any significant history
of steroid medication, alcohol/drug abuse, smoking and
trauma. Whenever possible, we verified patients’ state-
ments by his or her medical documents. The patients
were also specifically studied for hyperlipidemia, hyper-
coagulation states, SCA and infection with HIV.

Patients were assigned to groups according to the pre-
sumed etiologic factors. Four etiologic groups were de-
termined including steroid-induced, Temgesic-induced,
trauma-induced and idiopathic ONFH. Demographic
data and smoking habit were evaluated in all groups.
Smoking was defined as consuming at least one cigarette
per day.

Only those steroid-receiving patients who had taken a
minimal Prednisone-equivalent dose of 2000 mg of a cor-
ticosteroid were included, since literature is not conclu-
sive about the causative role of lesser amounts on ONFH
(8). In addition, patients with a history of steroid intake
due to vasculitic diseases like SLE and Wegener disease
were excluded to eliminate the confounding effect of
these underlying diseases.

Although Temgesic is a steroid-containing drug, we
considered it a separate etiologic factor because of un-
clear role of other ingredients in causing osteonecrosis.

In the trauma-induced group, we included only hips
with documented history of pure dislocation or united
femoral neck fracture. Cases of ONFH following hip frac-
ture-dislocation, femoral-head fracture or unhealed fem-
oral-neck fractures were excluded.

Patients were required to have serial radiographs in
three month intervals or less. The radiographs were eval-
uated for collapse by two of the authors (MA and MRS)
who were blind to the etiologies, using the radiological
classification system recommended by Ficat and Alert
(9). All attempts were used to determine the earliest time
of radiologic collapse. Ficat IIB was regarded as early col-
lapse (10).

Statistical analysis: Student’s t-test and Pearson’s Chi-
square tests were used for continuous variables and cat-
egorical variables, respectively, to examine differences of
characteristics among the four etiologic groups. P Value
of equal or less than 0.05 was regarded as significant.
Multivariate linear regression analysis was used to iden-
tify the predictors of time to radiologic collapse. The id-
iopathic group was used as the reference among the etio-
logic groups. Temgesic and steroid-induced groups were
separately compared to each other.

4.Results

Overall, 223 patients with femoral head collapse due to
ONFH were visited during the study period. Of these, 113
patients met at least one of the exclusion criteria. There
were 14 patients taking less than 2000 mg cumulative
dose of steroids, 11 patients with SLE or Wegener disease,
23 trauma-induced cases not fulfilling the inclusion cri-
teria, eight smokers with no other risk factors, seven
alcohol-induced cases and nine patients due to other
rare etiologies. Forty-one patients were already receiv-
ing bisphosphonate therapy or had undergone a surgical
intervention and were excluded. 110 remaining patients
(174 hips) met the inclusion criteria and were assessed for
etiology of osteonecrosis, time interval to collapse and
smoking. The mean age of patients was 32.6 years (ranged
18 to 65) at the time of pain onset. Ninety patients (142
hips) were male and 20 (32 hips) were female. Table 1
shows demographic and categorical characteristics of
the four groups. Table 2 includes data regarding the out-
come and statistical analysis. Some information specific
to individual groups is discussed separately.

Table 1. Characteristics of the Study Groups

Group Number of Male Female Age+SD,y  Smokers (%) Number StagelIBat Stagelllat StagelVat
Patients of Hips Final Visit Final Visit Final Visit

Steroid-induced 45 32 13 30.6+8.8(19-65)  17(37.7%) 77 15 21 41
Temgesic-induced 27 26 1 33+6.4(20-45)  25(89.8%) 49 5 8 36
Trauma-induced 21 17 4 34+9.5(26-51) 8(38.1%) 21 2 5 14
Idiopathic 17 15 2 359+113(24-50)  0(0%) 27 5 4 18
Total 110 90 20 32.4+8.9(19-65) 50 (28.7%) 174 27 38 109
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Table 2. Time From Pain Onset to Collapse and Statistical Analy-
sis With Idiopathic Group as the Reference

Table 3. Multivariate Regression Model on the Effect of Four
Etiologic Groups and Other Predictors on the Time to Collapse 2

Group Pain to Collapse + SD, mo Variables BP SEP  PValueP
Steroid-induced 12.4+7.0 Etiology
Temgesic-induced 8.7%2.9 Temgesic -12.58 2.64 <.0001
©
Trauma-induced 18.5+ 6.4
) A Trauma 0.48 2.45 0.847
Idiopathic 16.6 £12.0
Steroid (reference: idiopathic) -5.78¢  2.10 0.007
P Value <0.001
Age 0.02  0.08 0.839
Gender
4.1. Steroid Induced Female (reference: male) -0.31 1.80 0.863
All patients had received a minimum total dose of smoking
2000 mg of prednisone or its equivalent. At the time of v ; ) <16 0.00
pain onset, which was 13.4 (5 to 32) months after starting es (reference: no) 533 7 003
steroid medication, the mean total amount of steroid Intercept 16.05 3.31 <.0001
patients received was 7430 mg (ranged 2300 to 19200). Fratio 5.81
Some were previously heglthy Patlents taken steroids fo.r Adjusted Rsquare 0199
odd reasons such as gaining weight and others had medi- N
u7

cal problems not known to predispose to ONFH (e.g. mul-
tiple sclerosis, rheumatoid arthritis). Twelve patients (20
hips) were opium-dependent and 18 patients (29 hips)
were smokers as well. Addiction to opioids did not affect
the time period between pain onset and radiological col-
lapse (P Values, 0.085).

4.2. Temgesic Abuse

The mean duration of abuse was 8.3 months (ranged 3
to 22) at the time of pain onset and the average dose was
7.7 injections (ranged 3 to 18) per day.

4.3. Trauma Induced

Of 21 included hips, six had pure hip dislocation, while
united femoral-neck fracture was found in the rest. The
average pain free interval after trauma was 11.8 months
(ranged 4 to 28).

4.4. Statistical Analysis

Multivariate analysis did not show statistically signifi-
cant effect of gender, age and opium addiction on the
time interval from onset of pain to femoral head col-
lapse (P Value > 0.05). Smoking was associated with ear-
lier collapse as an independent factor (P Value, 0.003).
After omitting the effect of this variable, Cox-regression
analysis was performed to compare different etiologic
groups. With the idiopathic group as a reference, steroid
(P Value = 0.007) and Temgesic (P Value < 0.001) groups
showed significantly faster courses to collapse after
pain onset. The trauma-induced group did not show
significantly different (P Value = 0.847) time interval be-
tween pain onset and collapse compared to idiopathic
group. The Temgesic group showed a significantly faster
time-course to collapse compared to the steroid group
(PValue <0.01).
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2 Abbreviations: B, coefficient estimate; N, sample size; SE, standard
€rror.

Time to radiologic collapse
€ Statistically significant.

5. Discussion

ONFH runs a faster course to collapse when caused by
steroid intake or Temgesic abuse. Smoking also showed
to be an independent risk factor for earlier collapse.

Systemic corticosteroids are strongly associated with
osteonecrosis (11, 12). In the present study, earlier radio-
graphic collapse and osteoarthritis might be due to con-
comitant osteoporosis and systemic effect of medication
in the steroids-taking group (13, 14).

The systemic and musculoskeletal complications of
Temgesic abuse imposed a heavy burden on the health-
care system in the recent years (4, 5). This drug has been
widely abused as a result of its low cost and its ability to
mask the typical malnourished appearance of opium-de-
pendent patients. Temgesic vials contain corticosteroids
and almost all abusers have signs of hypercortisolism,
such as striae on their abdominal skin (4). Biochemical
studies revealed that the available product in Iran con-
sists of diacetylmorphine, acetylcodeine, pheniramine
and heroin (4, 5, 15). As each vial contains 0.4mg Dexa-
methasone (4), patients of the present study had received
an average of 767 mg(ranged 299 to1792) Dexamethasone
by the time of pain onset, which is equivalent to 5061 mg
(ranged 1973 to 11827) of prednisone (16).

The average time to collapse was shorter for the Temge-
sic group compared to the steroid group. There are four
possible explanations. One is the presence of a real differ-
ence in the course of ONFH between the groups. Heroin is
known to induce vasoconstriction at high doses, an effect
able to potentiate the effect of steroids in causing ONFH
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(17, 18). The possible presence of unknown impurities
that influence the pathogenesis of the disease cannot be
excluded. Another explanation is a possible recall inaccu-
racy in the drug-addicted group with their characteristic
psychosocial problems. The next possible reason could
be the slightly higher monthly dosage of steroids that
Temgesic-addicted patients had received (610 versus 550
mg/month for steroid and Temgesic groups, respectively)
(P=0.599). The final possibility is that the analgesic effect
of drug inhibits the pain sensation in early stages of the
disease.

Smoking was indicated as an independent risk factor
for a more rapid collapse, as it had already been sug-
gested to initiate the process of ONFH (19). In previous
studies, an increased risk was found for ONFH in current
smokers (20, 21). The inhaled gases during smoking have
been demonstrated to activate osteoclasts (22), which
have an important role in the resorption of necrotic bone
and consequent collapse in the pathogenesis of osteone-
crosis (23). We did not perform a quantitative measure-
ment for smoking and cannot deduce whether reduction
in the frequency of smoking is helpful.

The average interval from pain onset to collapse for
patients in all etiologic groups was 12.8 months, which
is in agreement with a study conducted by Hernigou et
al. (2) who reported this time as 12 months (more than 6
monthsin all cases). In the present study, pain was always
preceded by collapse, but sometimes for as short as three
months. In total, 13 hips collapsed in less than six months
from pain onset; all but one of these cases were in steroid
or Temgesic groups. This discrepancy may be due to the
fact that the aforementioned study investigated very
small asymptomatic osteonecroses that might have fol-
lowed a longer course to collapse.

The prognostic factors that may play a role in the
course of ONFH have been widely studied. One differen-
tiating factor among the studies on ONFH is their refer-
ence for prognosis. Some investigate the proportion of
osteonecrotic hips that fail either radiologically or clini-
cally (survival studies), while others evaluate the tem-
poral course that hips run to failure (temporal-course
studies) (10, 24-26). It is of crucial importance to differ-
entiate these two types when referring to ONFH progno-
sis. Two separate hips that ultimately collapse are con-
sidered prognostically the same by a survival study, but
in a temporal-course study, they are considered differ-
ent if one fails earlier than the other. The present study
was a temporal-course study with no assessment of sur-
vival rate of hips.

Previous studies on the natural course of ONFH are
mostly survival studies that show no correlation be-
tween the disease course and the cause (25-29). In stud-
ies on asymptomatic ONFH, Bradway (27) and Min (30)
found no difference in the course of ONFH for different
etiologies. In another study on 50 hips, different etiologic
groups were not different regarding the rate or pattern
of clinical deterioration (28). Similarly, studies regarding

the time course of ONFH have mostly failed to detect any
influence of etiologies (2,10, 30, 31). In an extensive litera-
ture review, Mont et al. reported that ONFH in SLE cases
was associated with a better prognosis, whereas a worse
prognosis was detected in SCA (25). Other etiologies did
not show any significant modifying effects on progno-
sis. In contrast, we found that ONFH due to steroids and
Temgesic ran a faster course after pain onset, resulting in
earlier collapse compared with idiopathic ONFH. The au-
thors would like to mention the following features of the
current study that might explain this discrepancy. Only
symptomatic hips were investigated and every effort was
made to make the groups uniform regarding etiologies.
To investigate the natural history of the disease, only
non-treated patients were included. We also excluded pa-
tients with more than one etiology to avoid confounding
results. For instance, the relatively better prognosis as-
sociated with SLE-induced ONFH might be skewed by the
adverse effects of steroids in a patient with SLE treated by
steroids. Another strength of the present study was that
every attempt was made to find occult underlying etiolo-
gies before labelling patient as idiopathic ONFH. Further-
more, the confounding effect of smoking was eliminated
using multivariate analysis.

The study had some weaknesses. One is that due to its
retrospective nature, recall bias may have been intro-
duced. Especially, the amount of drug abuse might have
been under- or over-reported by abusers. However, McEl-
rath et al. (32) revealed that retrospective self-reports
from injection drug abusers in their series had accept-
able reliability and consistency. Second, we used plain
radiography to detect femoral head collapse, which is
known to be inferior to MRI in accuracy (11). However,
regular MRI study every three months was not a feasible
option. Also, any potential delay in detecting collapse
probably occurred for all groups with little effect on the
comparative results. Another limitation was that the
authors did not take the duration and dose of smoking
into account. In addition, some common risk factors,
such as alcohol abuse, were not available in sufficient
numbers for investigation. Moreover, trauma-induced
cases were commonly treated by restricted weight bear-
ing for variable periods of time. This, rather than the
nature of trauma-induced ONFH, might have resulted
in later collapse.

In summary, the present study demonstrated that os-
teonecrotic hips due to steroid medication and Temgesic
abuse follow a faster course to collapse after pain onset
than those due to trauma or unknown causes. It is pos-
sible for steroid or Temgesic-induced ONFH to collapse
in less than six months after pain onset. Furthermore,
smoking is a powerful independent risk factor of faster
collapse. The findings should be considered in planning
for any hip preserving procedures in the treatment of
ONFH. Table 3 depicts multivariate regression model on
the effect of four etiologic groups and other predictors
on the outcome.
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