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12.1            Introduction 

 The disease process of atraumatic osteonecrosis was fi rst 
described as ischemic necrosis of the hip [ 1 ]. This pathologi-
cal process can lead to destructive arthritis in multiple joints, 
most commonly occurring in the hips, knees, shoulders, and 
ankles [ 1 ]. Currently, there is no consensus on the patho-
physiological mechanism of osteonecrosis, but it is thought 
to be multifactorial in nature. However, there are certain 
direct risk factors implicated in the development of osteone-
crosis such as trauma, radiation, Caisson’s disease, and 
sickle cell disease [ 2 ]. In addition, various other risk factors 
have been shown to have a direct correlation with osteone-
crosis such as corticosteroids, habitual alcohol intake, hyper-
lipidemia, chemotherapeutic agents, systemic lupus 
erythematosus, lipid storage diseases, and infl ammatory 
bowel disease [ 3 ,  4 ]. 

 In 1958, Chandler and Wright described the adverse 
effects of high-dose intra-articular corticosteroid injection 
[ 5 ]. Later in 1960, Heimann and Freiberger noticed similar 
results seen with high-dose oral corticosteroids on the femo-
ral and humeral head [ 6 ]. Although there are several theories 
behind corticosteroid-induced osteonecrosis, it is generally 
thought to be caused by vascular compromise to the femoral 
head. The most widely accepted mechanism of corticosteroid- 
induced osteonecrosis results from adipocyte hypertrophy 
which increases intraosseous pressure causing extramural 
compression of the vasculature to the femoral head [ 7 ]. This 
leads to a disruption in blood fl ow, which causes a lack of 
delivered vital nutrients. In addition, corticosteroids have 

been found to cause a decrease in osteoclast and osteoblast 
 activity, which subsequently results in decreased bony turn-
over, trabecular width, density, and formation [ 8 ]. 

 Recently, numerous studies have shown there to be a 
direct correlation between the use of high-dose corticoste-
roids and the increased risk of osteonecrosis. It is widely 
accepted that doses greater than 2 g over a 3-month interval 
impart the greatest risk for the development of corticosteroid- 
induced osteonecrosis [ 2 ]. This chapter therefore aims to 
evaluate the effects of corticosteroids on the incidence of 
osteonecrosis of the hip , particularly in relation to dosing, 
and duration of treatment, and the effects of pulse therapy.  

12.2     Treatment Dosing 

 Current studies demonstrate that there is a direct correlation 
between the incidence of osteonecrosis and the use of corti-
costeroids. A recent study by Felson et al. demonstrated that 
the incidence of corticosteroid-induced osteonecrosis may 
be increasing due to higher dosing regimens. The authors 
found there to be a 4.6 % increase in incidence of osteone-
crosis with every 10 mg/day increase in corticosteroid use. 
Additionally, it was seen that the daily dose of corticosteroid 
may be one of the greatest risk factors for osteonecrosis 
( R   2   = 0.75) [ 9 ]. Similarly, the incidence of osteonecrosis has 
been reported to be higher with a mean daily dose of > 40 mg/
day. Shigemura et al. in a prospective randomized study 
found a fourfold increase in the risk of osteonecrosis with the 
use >40 mg/day of corticosteroids ( OR  = 4.2;  p  = 0.001). This 
study showed that an increase in the mean daily dose may 
result in an increased incidence of osteonecrosis [ 10 ]. 

 In a prospective study of 45 patients diagnosed with sys-
temic lupus erythematosus (SLE), Nagasawa et al. examined 
the dose–response relationship with development of osteo-
necrosis over a 5-year period. During this period patients had 
magnetic resonance imaging (MRI) evaluations every year 
following initiation of 40 mg/day of corticosteroid therapy. 
The authors demonstrated that the cohort who developed 
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osteonecrosis had a signifi cantly higher proportion of 
patients who received >1,000 mg/day of corticosteroids than 
that group of patients who demonstrated no radiographic evi-
dence of the disease (87 % versus 37 %;  p  < 0.01) [ 11 ]. 

 Studies have also demonstrated that patients receiving a 
cumulative dose of corticosteroids >2 g are at a higher risk 
for developing osteonecrosis. A retrospective study by 
Nakamura et al., who examined 201 SLE patients over a 
13-year period, demonstrated that 15 % of patients who 
received high corticosteroid doses had increased risks of 
developing osteonecrosis [ 4 ]. 

 The cumulative corticosteroid dosage has been shown to 
have a direct association with the risk of osteonecrosis. In 
particular, a study by Shjibatani et al. found that patients who 
have had renal transplantation are at a potentially higher risk 
of developing osteonecrosis. The authors found that patients 
who received ≤1,795 mg and >1,795 mg of cumulative ste-
roid dosing over an 8-week period after renal transplantation 
had higher risks of developing osteonecrosis compared to 
those who received less than 1,400 mg of corticosteroids 
(hazards ratio, 2.9 and 3.2, respectively;  p  = 0.07 and 0.07, 
respectively) [ 12 ]. 

 Despite the positive correlation seen in the previous stud-
ies, a prospective study by Ono et al. showed that there may 
be no correlation between corticosteroid use and develop-
ment of osteonecrosis. This study consisted of 62 patients 
with SLE who were treated with 30 mg/day of corticoste-
roids for at least 30 days. The authors found no signifi cant 
correlation between the mean dose, the total cumulative 
usage, and the duration of high-dose corticosteroids and the 
subsequent risk of developing osteonecrosis [ 13 ]. It is 
 possible that limiting corticosteroid use to the lowest dose 
possible that is medically effective may minimize the risk of 
osteonecrosis.  

12.3     Treatment Duration 

 Another independent risk factor associated with an increased 
risk of osteonecrosis is the duration of corticosteroid treat-
ment. A study by Nakamura et al. observed the risk of osteo-
necrosis in relation to the dose and duration in 201 SLE (537 
joints) patients over a 13-year period [ 4 ]. This study demon-
strated a direct association between osteonecrosis risk and 
longer duration of corticosteroid use, as well as with 
increased doses required for patients who had recurrent epi-
sodes. The authors found that 238 out of the 537 joints devel-
oped osteonecrosis at an average of 26 years of age. 
Additionally, a study by Li et al. evaluated the correlation 
between osteonecrosis and corticosteroid in 539 patients 
with severe acute respiratory syndrome. In relation to 
 duration of treatment, the authors found that patients who 
developed osteonecrosis received corticosteroids for a 

 signifi cantly longer duration when compared to patients who 
did not develop the disease (38 ± 17 versus 27 ± 15 days; 
 p  < 0.01) [ 14 ]. 

 However, no studies were found refuting that increased 
duration of treatment increased the risk of osteonecrosis. It 
is postulated that this could have been a compounding vari-
able with higher dosages as well. Therefore, it may be 
important to minimize treatment to the shortest duration 
feasible.  

12.4     Pulsed Therapy 

 Pulsed therapy refers to the intermittent administration of 
corticosteroids at suprapharmacologic dosages intravenously 
[ 15 ]. A study by Ce et al. compared 60 patients who had 
multiple sclerosis and were treated with corticosteroids to a 
group who had multiple sclerosis but did not receive cortico-
steroid treatment. The authors found from MRI evaluation 
that patients had a signifi cantly higher risk for developing 
osteonecrosis with treatment of >10 g of cumulative pulsed 
corticosteroid dose, compared to the matched group (15.5 % 
versus 0 %;  p  = 0.043) [ 16 ]. However, it is uncertain whether 
the positive correlation seen in this study is from the treat-
ment with pulsed corticosteroids or the higher cumulative 
dose. Similarly, a study by Lausten et al. of 374 renal trans-
plant patients found that patients who were treated with 
pulsed corticosteroid therapy ( n  = 34) had a signifi cantly 
higher rate of osteonecrosis when compared to treatment 
without pulsed therapy ( n  = 22;  p  < 0.05) [ 17 ]. 

 However, a study by Oinuma et al. of 72 patients with 
SLE showed that there was no signifi cant difference in the 
incidence of osteonecrosis with the use of pulsed therapy. 
The authors found that 45 % (18 of 40) of patients who had 
osteonecrosis received pulsed corticosteroid therapy when 
compared to 53 % (17 of 32) of patients without osteonecro-
sis who received pulsed therapy. However, this study failed 
to mention the dosage of pulsed corticosteroid therapy [ 18 ]. 

 The current use of pulsed therapy has shown to have con-
fl icting results in association with the development of osteo-
necrosis. Due to a lack of concordance between studies, 
larger prospective randomized studies are needed to deter-
mine a cause-effect relationship between pulsed therapy and 
osteonecrosis.  

    Conclusion 

 Treatment with corticosteroids may have up to a tenfold 
increase in the risk of developing osteonecrosis. 
Additionally, patients receiving higher mean doses have 
been shown to be at an even higher increased risk of 
osteonecrosis. However, it is uncertain whether cortico-
steroid duration and cumulative dose have an effect on the 
incidence of osteonecrosis. It is believed that it may be a 
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compounding factor along with the underlying disease. 
Furthermore, the reported studies demonstrate the pulsed 
corticosteroids may also increase the risk of osteonecro-
sis. Based on the current literature, it is believed that min-
imizing the dosage and duration of corticosteroid 
treatment may potentially minimize the risk of develop-
ing osteonecrosis. Due to paucity of reports, we believe 
that larger prospective studies are needed to assess the 
effects of corticosteroids on the incidence of osteonecro-
sis. Furthermore, molecular studies may be important in 
elucidating the pathogenetic mechanism of corticoste-
roids and osteonecrosis.     
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