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ABSTRACT 

Non-traumatic osteonecrosis is a cause of joint 
pain and deformity, not uncommonly caused by 
corticosteroid use. Despite this, corticosteroid 
induced osteonecrosis is poorly represented in 
the literature. We performed a detailed review of 
corticosteroid induced osteonecrosis, including 
aetiology, prevention, screening, clinical pres- 
entation, investigations, staging systems and 
treatment. We present this in the context of a 
patient at our institution who developed bilateral 
hip, shoulder and knee osteonecrosis following 
high dose corticosteroid therapy for dermato-
myositis. 
 
Keywords: Osteonecrosis; Corticosteroids;  
Steroids; Avascular Necrosis of Bone 

1. INTRODUCTION 

Non-traumatic osteonecrosis (NON), or avascular ne- 
crosis (AVN), is recognised as a cause of pain, loss of 
function and bone and joint deformity. The recognition 
of corticosteroids (CS) as a cause of NON is attributed to 
Pietrogoni in 1957 [1,2]. With increased steroid use and 
increasing awareness, it has become the second highest 
cause of osteonecrosis (ON) [2] behind traumatic ON. It 
is also implicated in multifocal osteonecrosis [3]. Despite 
this, the literature regarding NON is generally poor. 
There is little literature regarding CS induced NON spe- 
cifically or comparing different causes of NON; it is 
most often investigated with all causes of NON. Much of 
the literature on human subjects is dated and the meth- 
odology varied, making comparisons, extrapolations and 
recommendations difficult at best and it almost exclu- 
sively involves the femoral head, with recommendations 
for management of other sites extrapolated from these 
papers. There are a few studies regarding NON of the 
humeral head, however these are review articles and case 
reports. 

Interest in CS induced NON at our institution was 

stimulated by a patient who developed bilateral hip, should- 
er and knee NON following high dose CS for dermato- 
myositis. We present a detailed literature review with 
this illustrative case. 

2. CASE REPORT 

In 1995 a 43 years old man was diagnosed with der- 
matomyositis at a tertiary metropolitan hospital and com- 
menced on a treatment protocol of oral steroids (Predni- 
solone 10 mg bd) and Azathiopine (150 mg daily). Ini- 
tially poorly responsive to treatment, Azathiopine was 
ceased, the dose of Prednisolone was altered (maximum 
45 mg in a day) and, at various times, Methotrexate (10 
mg weekly), Cyclophosphamide (one gram weekly) and 
Dexamethasone (8 mg IV with Cyclophosphamide) were 
introduced. After ten months a treatment regime of oral 
Prednisolone 10 mg bd was adequate for maintenance 
purposes. 

In 2001, now aged 49, he was referred to our institu- 
tion with debilitating, progressive pain and stiffness in 
both hips and shoulders. His hip symptoms manifest ap- 
proximately eight months following the diagnosis of der- 
matomyositis and commencement of steroids, and pro-
gressed to his shoulders and knees. At the time of referral, 
his hip pain had forced his retirement from his job as a 
butcher and he required the use of walking aids. Both 
shoulders were painful and stiff, and his analgesic re- 
quirements were substantial. Plain radiology revealed 
Ficat stage four osteonecrosis of the femoral heads (Fig- 
ure 1) and osteonecrosis of both humeral heads (Figure 
2) and distal femora. 

Over a two year period he underwent bilateral hip re- 
placement (Figure 3), bilateral shoulder hemiarthro- 
plasty and a right total knee replacement without com- 
plication. He has symptomatic osteonecrosis of his left 
knee with arthritic changes requiring daily oral analgesia, 
and will require a total knee replacement in the near fu- 
ture. 

Prior to the onset of his symptoms (eight months 
following commencement of steroid therapy) he had a 
cumulative Prednisolone dose of 4.2 grams and a 
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Figure 1. AP radiograph of the pelvis showing Ficat stage four 
osteonecrosis bilaterally. 
 

 

Figure 2. AP radiograph of the right shoulder showing os-
teonecrosis with collapse of the humeral head. 
 
cumulative Dexamethasone dose of 32 mg. This equates 
to a cumulative Prednisolone equivalent dose of 4.4 grams. 
His peak Prednisolone dose was 45 mg in one day and 
his average daily Prednisolone dose over the period was 
18mg per day. Six months following commencement of 
steroid therapy he was diagnosed with difficult to control 
Hypercholesterolaemia. At that time his cholesterol was 
approximately 8 mmol/L; it is currently controlled with 
Atorvastatin therapy. 

3. LITERATURE REVIEW 

3.1. Aeitiology 

The pathogenesis of corticosteroid induced NON is 
still debated, with hypotheses including decreased blood  

 

Figure 3. AP radiograph of the pelvis showing bilateral total 
hip joint replacements. 
 
flow [4,5], bone marrow fat cell hypertrophy [6], hyper- 
lipidaemia and fat embolism [7]. There are a number of 
papers investigating the aetiology of CS induced NON in 
rabbit, mice and chicken models, but little human data. 
Given the multiple actions of CS, it is possible that mul- 
tiple pathways combine to decrease blood flow in the 
osseous microcirculation leading to ON [8,9]. This 
“multi hit” theory helps to explain the inconsistency in 
development of NON between patients and probably 
includes genetic [9,10] as well as other predisposing fact- 
ors. 

CS directly cause apoptosis of osteoblasts and osteo- 
cytes after prolonged exposure in vitro [8,9], and have 
been shown to suppress osteoblast and osteoclast pre- 
cursor production in bone marrow in a mouse model [11]. 
Bone progenitor cells preferentially differentiate into 
adipose cells when exposed to steroids in vitro [6,11], 
demonstrated by a decrease in alkaline phosphatase (ALP) 
concentration in vitro [11]. 

Studies have shown CS induce not only increased 
numbers of bone marrow adipocytes, but also adipocyte 
hypertrophy [6]. It has also been shown on magnetic re- 
sonance imaging (MRI) that a higher fatty marrow con- 
tent of the femoral neck prior to CS treatment increases 
the risk of development of CS induced NON [12]. The 
authors propose that the increase in amount of fat in the 
femoral neck increases pressure and thus decreases blood 
flow. It may be that the higher fatty marrow content of 
the femoral neck predisposes this region to NON over 
other bony sites. 

Bone blood flow in pigs has been shown to be reduced 
when exposed to CS [4] and femoral head blood flow 
and vascular endothelial growth factor protein are re- 
duced in rabbits with CS induced NON [5,13]. CS may, 
through a complex pathway, also have direct effects on 
endothelial cells by modulating their responses to vaso- 
active substances and generally potentiating local hyper- 
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tension and vasoconstriction [8,9]. One or all of these 
direct effects may be the cause of CS induced NON, and 
the exact mechanism may be different in different pa-
tients. 

Further, as osteonecrosis is not prevalent in CS excess 
from endogenous sources [14] such as adrenocorticotro- 
phic hormone (ACTH) producing adenomas, some au- 
thors hypothesise that ACTH suppression and not CS 
excess per se is the causal feature [13]. It is apparent that 
CS influence many physiologic pathways that theoretic- 
cally may decrease osseous blood flow and potentiate 
NON. It is likely that the pathomechanism of CS induced 
NON is contributed to by a number of these pathways. 
Further research into the pathomechanism of CS induced 
NON in human subjects and the prevention of CS in-
duced NON by targeting these pathways is warranted. 

3.2. Influence of Corticosteroid Dose, 
Preparation and Administration 

A dose dependent risk of NON was suspected when 
the incidence in the renal transplant population decreased 
dramatically after development of non-steroidal immune 
modulators (eg. cyclosporine, tacrolimus) and the sub- 
sequent reduction in steroid dose, [2,15-17] however a 
number of studies failed to demonstrate this [14,16-19]. 
These often included low numbers of patients and dose 
relationship was not the primary outcome. In some stud- 
ies different types of CS were compared, further con- 
founding results. More recent studies have suggested an 
increased risk of steroid induced NON with increased 
cumulative CS dose [20-29], daily dose [28], peak CS 
dose and longer duration of treatment [21,30]. Specifi- 
cally, a cumulative Prednisolone—equivalent dose of 
more than two [27] or three [22] grams has been impli-
cated in ON [27]. In a rabbit model, Motomura et al. [26] 
demonstrated not only an increase in incidence of ON 
with increasing Methylprednisolone dose, but also a de- 
crease in reparative tissue with increasing dose. 

While it is clear that CS dose influences the develop- 
ment of NON an exact dose dependant relationship or 
induction threshold has not been shown. Genetic suscep- 
tibility, [9,10] the type of CS, [23,31,32] method of de- 
livery [23,27,28] and as yet unknown factors probably 
combine to alter the patient specific risk. It has been 
suggested that monitoring other functional effects of CS, 
such as increase in body mass index (BMI) [17,32] or 
development of Cushingoid features [30] may allow 
identification of increased risk for development of NON, 
however these are in themselves influenced by other 
factors. 

Further confounding research into dose related risk of 
CS is the finding that different corticosteroids may have 
different potencies to induce NON. While NON has been 
described with both Methylprednisolone and Predniso-

lone, one study using a rabbit model has shown Methyl- 
prednisolone to be more likely to induce NON than 
Prednisolone or Triamcinolone at equivalent doses [31]. 
Also, bone reparative response was observed in cases of 
Prednisolone and Triamcinolone but not with Methyl- 
prednisolone [31]. Niinimaki et al. [32] and Bradbury et 
al. [23] have shown a statistically significant correlation 
between higher cumulative Dexamethasone (a Methyl- 
prednisolone derivative) dose and NON, but not Predni- 
solone dose [32]. Pulsed rather than continuous admini- 
stration of steroids has been implicated in NON [23,27] 
although multiple confounding factors make this difficult 
to interpret. Parenteral or oral administration is much 
more likely to lead to NON than other routes of admini- 
stration [28]. Inhaled [33] and intramuscular [34] ster- 
oids inducing NON have been described but methodo- 
logical flaws make these cases questionable [28,35]. 

Although the literature, particularly human literature, 
is limited it appears that a dose dependant relationship of 
CS induced NON does exist; it is reasonable to suggest 
that as low a dose of CS as clinically possible, monitor- 
ing of steroid related side effects and limited use of 
Methylprednisolone in favour of other CS may reduce 
the risk of NON. These are far from proven and require 
methodologically stringent human trials before they can 
be recommended with certainty. 

3.3. Influence of Clinical Associations 

Patients receiving CS often have conditions that have 
themselves been implicated in causing NON including 
vasculitis or collagen synthesis disorders, such as sys- 
temic lupus erythematosus (SLE) [1,9,14,30,36,37]. Stu- 
dies investigating the contribution of these disorders to 
NON are difficult as the treatment, high dose or long 
term CS, confound the conclusions. Patients with SLE 
and Raynaud’s phenomenon (a disorder of peripheral 
vasoconstriction) have been shown to be at higher risk of 
CS induced NON [30]. ON following organ transplanta- 
tion and subsequent long term CS use is well docu- 
mented [16,38]; there may be a higher incidence of NON 
following renal transplantation. Studies typically quote 
2% - 3% prevalence amongst cardiac transplant and 3% - 
40% in a renal transplant group [23,28]. One hypothesis 
for this suggests co-existing renal disease may lead to 
osteoporosis and recurrent micro-fracture, possibly in- 
creasing the risk of NON [16]. One study suggests an 
association between CS induced NON and inflammatory 
bowel disease [39]. 

3.4. Investigations into Prevention 

Recent interest in a possible vascular, coagulopathy [7] 
or lipid related [6,7] mechanism of CS induced NON has 
lead to investigations into possible pharmaceutical pre- 
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vention. Most of the literature involves animal models or 
in vitro experiments, the few human studies are retro- 
spective and methodologically poor. 

Some authors claim that statin therapy (lipid lowering 
agents), which is known to reduce the adverse effects of 
steroids on lipid metabolism [40], may reduce the risk of 
CS induced NON [40,41]. This has been demonstrated in 
a rabbit model [42,43] however a retrospective analysis 
of human renal transplant patients failed to demonstrate a 
protective benefit [44]. Three articles investigating a rab- 
bit model have found a statistically significant decrease 
in the rates of NON with a lipid-lowering agent and an 
anticoagulant compared with either agent alone and also 
to no prevention [45-47]. Interestingly, the average bone 
marrow fat cell size was lower in the lipid lowering 
agent groups [43,45,46]. Serum triglyceride level has 
been postulated as an independent risk factor for NON 
[47]. Future research should correlate lipid lowering 
therapy with serum triglyceride levels when investigating 
NON prevention. Transdermal nitrate [48] and ACTH 
administration [13] have both been shown to be protec-
tive against NON in the rabbit model. 

It is clear that, at least in vitro, both lipid lowering 
agents and anticoagulants have some protective effect on 
the development of CS induced NON. Just as the patho- 
physiology of CS induced NON appears multifactorial, 
any effective prophylactic regime may require modifica- 
tion of multiple physiologic factors. The development of 
such a regime would represent a significant advance in 
the management of this patient population and therefore 
needs to be the focus of further well designed prospec- 
tive human trials. 

3.5. Investigations into Screening 

The radiologic screening of patients for NON is de- 
bated. Given the benefits of early diagnosis and treat- 
ment, some authors recommend MRI screening for 
young patients receiving high dose CS [28,38,39], par- 
ticularly if there is NON of another joint. This may be 
local [2,49] or whole body [50] investigation. The cost 
effectiveness of this has been questioned [16] as has the 
relevance of small asymptomatic lesions [32]. Tradition- 
ally bone scintography has been used for whole body 
screening however whole body MRI (STIR sequence) 
has recently been described as a viable screening tool [50] 
and may offer greater sensitivity. 

3.6. Description of Clinical Presentation 

Most of the literature describing the clinical presenta-
tion of NON refers to the femoral head and is related to 
all causes of NON. A careful medical and social history 
must be elicited, including a thorough investigation of 
risk factors including previous corticosteroid use [2,49, 

51]. A high index of suspicion for NON must accompany 
a patient with a painful hip, normal x-rays and risk fac- 
tors for NON, particularly AVN of the contralateral joint 
[51]. Pain is the usual presenting complaint, commonly 
groin pain which may refer to the thigh or buttock [51-54] 
or knee [55]. It is usually progressive and may be worse 
at night or exacerbated by coughing [53], movement or 
weight bearing [54,56]. It has been described as a throb- 
bing and deep pain [51,55], of gradual [51,52] or sudden 
[53,56] onset. 

On examination, there is usually a painful range of 
motion, [52,55] especially on forced internal rotation, 
[51,53,55] and range may be decreased [53,57-59]. A 
limp or decreased function may be present in later stages. 
Examination of the contralateral hip, regardless of symp- 
toms, is recommended due to the high incidence of bilat- 
eral disease [3]. 

There have been recent reports of NON of the shoulder, 
describing poorly localised shoulder pain [2,49,60] 
which is exacerbated by use [59] and particularly over-
head activities [49,60]. The pain is usually intermittent, 
of a deep, throbbing character and may radiate to the 
elbow [60]. It often (70%) interferes with sleep and (80%) 
with work [2,49]. It may be associated with a painful 
click [2,49,57,59] in later stages. On examination of the 
shoulder there may be local tenderness [2,49], with de- 
creased active and passive range of motion [2,49]. Ab- 
duction to 60 degrees and forward flexion to 90 degrees, 
which brings the commonly involved superiomedial head 
[59] into contact with the glenoid, may produce pain 
[60]. 

3.7. Description of Clinical Investigations 

Investigations include radiology and histology. The 
majority of literature regarding investigations into NON 
is decades old with the exception of articles regarding 
MRI, which has markedly altered early diagnosis. His- 
torically Ficat described “every case of AVN goes 
through a pre (plain) radiologic stage” [53]. In order to 
diagnose these lesions he developed the “study of the 
haemodynamics of the medullary circulation”, which he 
termed “the functional exploration of bone” [53]. This 
included measurement of bone marrow pressure and 
oxygen saturation, intraosseous venography and core 
biopsy of the femoral head. The biopsy sample was ex- 
amined histologically and, as an unexpected coincidence, 
formed the basis of the core decompression treatment 
modality [53]. Histology of early lesions showed abnor- 
malities of the bone marrow [1,55,58] showing stasis, 
fibrosis and necrosis [1]. Oedema and haemorrhage may 
occur [53] as may atrophy of lipocytes [1] and loss of 
cellular detail [58]. Later the classic histology is empty 
lacunae with loss of osteocytes [51,55,56,58]. Bony ar- 
chitecture is preserved and lipocytes may remain [1]. Ad- 
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jacent to the sequestrum may be a fibrovascular prolif- 
eration demonstrating the zone of repair [1,56]. Later the 
marrow may be resorbed and replaced by proliferating 
haemopoetic tissue, with osteoblast and osteoclast func- 
tion [55,58]. These tests were shown to be useful in early 
diagnosis [1,51,53] but have been replaced by non-inva- 
sive methods. 

The mainstay of investigation remains the plain radio- 
graph. AP and frogleg lateral radiographs should be ob- 
tained of the hip [51,55], and AP, axillary lateral, internal 
rotation and external rotation images of the shoulder 
[2,49,60]. A cross table lateral hip x-ray will not show 
subtle bony architecture of the femoral head well [51]. 
AVN can be diagnosed by a finding of triangular shaped 
sclerosis [1], crescent sign, subchondral fracture and col- 
lapse or a combination of the above. Differential diagno- 
sis would include bone infarct, cyst, benign and malign- 
nant tumours or infection, which should be excluded [2]. 
Early AVN is undetectable on plain imaging [36,53]; the 
radiologic changes are not of the necrotic bone itself, 
which has identical radiographic appearance to living 
bone [53], but the reactive bone changes around it. 

Bone scintography, typically with technetium 99 me- 
thylene-diphsophonate, may show AVN with areas of in- 
creased uptake (reactive bone) [49,51,53,55] possibly 
surrounding an area of decreased uptake (necrotic zone) 
[1,49,53,55]. It is not specific for AVN [1,51,53] and is 
less sensitive than MRI [1,60]. There may be no changes 
in the first two weeks [55]. It has the advantage of 
screening the whole body easily and relatively cheaply. 

Computed tomography (CT) scanning is not widely 
used [55]. It provides better imaging of the anterior 
femoral head (often involved in AVN), evaluation of the 
size of the sequestrum [1] and detection of early collapse 
[51] than plain radiographs but has largely been super- 
seded by MRI. MRI is the most sensitive form of imag- 
ing to detect AVN [51,60], 80% to 100% sensitive in 
femoral head1 [55], and approaching 100% in shoulder 
AVN [2,49]. Specificity for MRI is also very high [55] 
with a characteristic appearance of a ring of low intensity 
signal on T1 images, indicating fat cell necrosis, and a 
double ring on T2 images, possibly the zone of vascular 
proliferation [1,51,55]. This double line is present in over 
50% [2,49] to 80% [55,61] of cases. Changes may not be 
present until five days after onset of the disease [55]. 
MRI appearance of proximal humeral AVN is similar to 
that in the femoral head [2]. 

Early and accurate diagnosis of NON is imperative. A 
high index of suspicion should accompany a previous 
history of high dose or prolonged steroid use, NON of 
other joints and a young patient presenting with a painful 
joint and unremarkable plain radiographs. Examination 
may reveal pain on range of motion only, particularly 
forced IR of the hip. A full series of plain radiographs are 

likely to provide the diagnosis; if they are unremarkable 
an MRI scan should be obtained as symptoms predate 
plain radiology by several months [36,53] and early diag- 
nosis and treatment affords the best outcomes [51,55]. 

3.8. Description of Staging Systems 

A number of different staging systems have been de-
scribed for the femoral head, and one for the humeral 
head [2,49,51,60]. They are based on a combination of 
plain radiographs, MRI and clinical data. Ficat and Arlet 
described the first staging system based on plain radio- 
graphs [53]. This was modified in 1979 by Hungerford 
who included a pre clinical, pre plain radiological stage 0, 
the so called “silent hip”, with only MRI changes. Stage 
1 is characterised by hip pain but normal x-rays; in stage 
2 there is radiographic evidence of bone repair; areas of 
lysis (cysts), osteoporosis or sclerosis. There is a transi- 
tion phase between stage 2 and 3 with x-rays showing 
the cresent line (subchondral fracture) and segmental 
flattening of the femoral head, the so called “out of 
round” appearance. Stage 3 shows a sequestrum which 
later goes on to collapse of the femoral head, however 
the joint space is preserved, and stage 4 involves loss of 
articular cartilage of the femoral head and acetabular 
osteophytes. Ficat described this as the appearance of 
osteoarthritis superimposed on a deformed femoral head 
[53]. Pre collapse (stage 0 - 2) has a better prognosis than 
post collapse (stage 3 and 4) [51,53]. 

Steinberg [62] staged the lesion according to size; less 
than 15% of the femoral head, 15% - 30% or greater than 
30%. Smaller lesions may have a better prognosis [63,64]. 
Kerboull [65] described the cumulative necrotic angle, 
which is the combined measurement of the arc of necro- 
sis (as an angle) on the AP and lateral x-rays. A cumula- 
tive necrotic angle of 200 degrees has been shown to 
have a poor outcome [55]. Ohzono [66] stratified NON 
by the location of the lesion on an AP hip x-ray into the 
medial third, medial and central two thirds and including 
the lateral third. Prognosis is worse with more lateral 
disease [51,63,66]. 

The Association Research Circulation Osseous (Tou- 
louse, France) [67] described a staging system that com- 
bines the Ficat and Arlet radiographic system with the 
sizing component of Steinberg and the location described 
by Ohzono [51]. Cruess modified the Ficat and Arlet 
staging system for use in humeral head AVN [2,49,59,60]. 
Stage 1 is pre radiologic, stage 2 shows sclerosis, stage 3 
demonstrates a crescent sign, in stage 4 there is collapse 
of the humeral head and in stage 5 there is glenoid in-
volvement as well. La Porte [60] and Sakai [68] have 
both used variations of the Kerboull angle in the shoulder, 
with collapse likely if the combined necrotic angle is 
greater than 90 degrees [60]. 
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3.9. Investigations Regarding Natural  
History 

The natural history of CS induced NON and NON 
from all causes remains largely undefined. There is no 
specific information regarding CS induced NON in the 
English literature. The literature in general is inconclu- 
sive, with confounding factors including the method and 
stage of diagnosis and length of follow up. 

Historically, symptomatic ON of the femoral head 
from all causes has been investigated with non operative 
management; in 1995 Mont and Hungerford [51] found 
819 cases in the literature. Of these, only 22% went on to 
have a satisfactory outcome at an average of 34 months. 
They found that 33% of pre collapse (stage 1 and 2) hips 
were preserved however only 13% of stage 3 hips es-
caped arthroplasty [51]. Other investigators have shown 
that 85% of untreated symptomatic stage 1 and 2 disease 
hips progress to collapse (stage 3 or 4) within 2 years 
[51,69]. Two recent studies have commented on the natu- 
ral history of small asymptomatic femoral head NON, 
with conflicting results. Nam et al. [63] showed that as- 
ymptomatic lesions involving less than 30% of the 
femoral head remain pain-free for more than 5 years, 
where as Hernigou et al. [64] found that 73% of very 
small (<10% of the femoral head) lesions collapsed and 
developed pain within 12 years. Other authors profess 
that 67% of asymptomatic hips progress to collapse [69]. 

The use of MRI to detect asymptomatic hips remains a 
point of contention as to their clinical relevance [38,70]. 
It remains contentious whether NON lesions can repair 
and revascularise to normal bone. Early revascularisation 
has been shown experimentally in animal models [31, 
71,72] and MRI studies in humans suggests early spon- 
taneous incomplete [70,73] and even complete [74] re- 
gression is possible but low numbers and poor method- 
ology prohibit definite conclusions. The onset of MRI 
changes in NON is unknown; they have been shown five 
days post CS insult in animal models [55]. Nevertheless, 
most cases of CS induced NON are present on MRI 
within three [73] or nine [31] months of beginning treat- 
ment. It is uncertain whether continuing steroid use af- 
fects the progression of NON with divided recommenda- 
tions in the literature [26,70]. Early reparative tissue has 
been described in rabbit models with lower doses of CS 
compared to no reparative response with high doses [13, 
26]. Slower clinical progression may be seen with hu- 
meral head NON [49,59]. 

The true natural history of NON remains unknown. 
Progression from necrosis through sclerosis to collapse is 
likely although revascularisation and repair appear pos- 
sible in some cases. Further research into the progression 
of MRI detected asymptomatic lesions is necessary to 
determine their significance and the true natural history 
of NON. 

3.10. Investigations Regarding Treatment 

The literature focusing on treatment of NON does not 
investigate CS induced NON specifically. The few au- 
thors who attempt to stratify treatment outcomes accord- 
ing to causes of NON suffer from small numbers and 
multiple confounding factors and have contradictory 
results [1,49,51]. A vast number of treatments have been 
described and are broadly categorised into joint preserve- 
ing or joint replacing (arthroplasty) treatments. Treat- 
ment options are according to stage of disease [2,51,56], 
particularly pre collapse or post collapse. Pre collapse 
treatment is the most debated. The literature is almost 
exclusively focused on the treatment of femoral head 
NON, although limited literature on humeral head NON 
suggests that it may have a better prognosis [49,56,60], 
perhaps as it is a non weight-bearing joint. We will dis- 
cuss the treatment of femoral head NON initially. 

Non-operative management, including bed rest, non- 
weight bearing, partial weight bearing and traction ap- 
pears to have the same progression as the natural history 
of NON [1,51,65] in the hip, the specifics of which are 
unknown but 85% of symptomatic pre-collapse hips 
progress to collapse within 2 years [51,69]. Historically, 
only 22% of hips treated non-operatively have a satis- 
factory clinical outcome, with radiologic progression in 
74% of patients and 76% of patients going on to arthro- 
plasty [51]. Failure rates increased with stage of disease 
[51]. Pharmacologic treatments aim to alleviate patho- 
physiologic features while allowing revascularisation and 
new bone growth [60]. Many have been described, tar- 
geting a specific aspect of a hypothesised cause. The 
literature is severely limited by small numbers and con- 
founding factors. Vasodilators and anti-hypertensives 
have been shown to decrease bone marrow pressure and 
hip pain respectively in very low numbers [51]. Lipid 
lowering agents, prostacyclin analogues, anticoagulants 
and fibrinolytics have also been trialled [55,60]. Bisphos- 
phonates have been shown to be beneficial in two studies 
[75,76] and poor in one [77]. Treatment was more suc- 
cessful in early (pre collapse) disease [75,77]. 

Core decompression for ON of the femoral head is 
controversial [51] with varying results in the literature. It 
remains most commonly practised in North America [1]. 
Ficat first reported on more than 600 cases of core de-
compression for all causes of ON, 156 patients with 
stage one or two disease, with over five year follow up. 
He reported 93.9% stage 1 and 82.3% stage 2 good re- 
sults. No radiographic progression was found in 86.6% 
of stage 1 and 66.7% of stage 2 hips [53]. These results 
have not been achieved by all investigators. In a 1995 
literature review Mont and Hungerford [51] found 24 
reports comprising 1206 hips with combined results of 
64% clinical success, 63% had no radiographic progres- 
sion and 33% progressed to THJR or other operative 
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intervention. Better results were again found in early 
stage disease [51]. There were only two prospective con- 
trolled trials, with combined results of 75% clinical suc- 
cess in pre collapse hips, compared to 29% from non- 
operative management, and 61% radiologic success 
compared to 39% with non-operative management [51]. 
Arlet reports radiologic stability in 85% of pre collapse 
hips at mean seven years [1]. 

Core decompression associated with autologous bone 
marrow aspirate transplantation has been described [37] 
with good short term results, and greater vascularisation 
has been shown with this treatment in the rabbit model 
[71] when compared to no treatment or core decompress- 
sion alone. Non vascularised bone graft includes cortical 
and non cortical grafts. Surgical techniques vary consid- 
erably with low numbers reported in the literature. Re- 
sults appear similar to core decompression [51]. Many 
different vascularised grafts have been reported with 
considerable variation in indications, techniques and re- 
sults, with 67% [78] to 93% [79] good results reported 
over 3 to 10 years. Critics report considerable donor site 
morbidity [78,79], problems with maintaining graft pa- 
tency, considerable technical difficulty and long surgical 
times [78]. Better results have been described with pre 
collapse stages [78,80], smaller areas of necrosis [78,79], 
medial lesions [79] and younger patient age (<35) [79]. 
Overall, superiority of vascularised grafts has not been 
proven and morbidity is high [55]. 

Multiple proximal femoral osteotomies have been de- 
scribed including varus, valgus, rotational and combina- 
tions of the above. The aim is to move the necrotic seg- 
ment away from the major load transmitting area [51,65]. 
Again, success rates in the literature are variable, with 
reports from 55% to 89% for stage 2 and 3 disease [51, 
65,81,82]. Better results were found with a combined 
necrotic angle of less than 200 degrees [51,65,81] and if 
the intact area of the head is >30% [1,82]. Worse results 
have been described with CS induced NON compared 
with other causes [51,81]. Critics of osteotomy to treat 
NON describe the technical difficulty [55], long recovery 
and high patient compliance required [81]. It is more dif- 
ficult to perform a THJR than in a non osteotomised fe- 
mur [51,55], and a poor rate of return to work (<50%) 
has been described [81]. 

THJR (total hip arthroplasty) is reserved for severe 
stage three and stage four disease. Hemiarthroplasty and 
femoral head resurfacing have been advocated in the past 
but have inferior results due to rapid accetabular degen- 
eration [1]. Inferior results for THJR performed for NON 
have been reported compared to THJR performed for 
osteoarthritis [1,54,83], though recent results appear 
similar (6% revision rate at 2 - 10 years) [84]. Hip ar- 
throdesis has been reported but due to high (50% - 80%) 
bilateral involvement, is not recommended [18,56]. 

The literature regarding treatment of femoral head CS 
induced NON in general is plagued with low numbers of 
patients, poor methodology and short follow up. Variable 
techniques, inclusion criteria and diagnostic methods 
make comparisons difficult and conclusions unsure. Non 
operative management is unlikely to prevent progression, 
the exception to this may be pharmaceutical agents 
which are promising although grossly under investigated 
to allow any conclusions. Core decompression may be 
effective in delaying the need for total hip joint replace-
ment in stage 1 and 2 disease; it should not be considered 
for post collapse lesions [51]. It may be as efficacious as 
bone grafting. Osteotomy may be appropriate for certain 
lesions, although the technical difficulties and improve-
ments in THJR make arthroplasty appealing. It is likely 
that newer techniques and better perioperative manage-
ment have improved results of THJR for NON. Ar-
throdesis is relatively contraindicated in NON. 

Trends would suggest that early, pre collapse treatment 
is likely to achieve better results, as are smaller, medial 
lesions, regardless of treatment modality. Patients with 
CS induced NON may do worse than other causes of 
NON, as may SLE patients, however these relationships 
are far from certain. 

There is very limited literature focusing on the treat-
ment of humeral head NON, primarily small case series 
and review articles, again not specific to CS induced 
NON. In contrast to femoral head NON, non operative 
treatment may be used in early (stage one and two) dis-
ease of the shoulder, including maintenance of range of 
movement and limiting over head activities [2,49]. Non- 
operative management of stage 3 disease has poor results 
[49]. Arthroscopy, debridement and removal of loose 
bodies for humeral head NON has been reported to in- 
crease function and decrease pain in the short term [2,60], 
but very low numbers may confound these results [49]. 
Core decompression has been used in proximal humeral 
NON and has been shown to improve pain and delay or 
avoid arthroplasty in pre collapse shoulders [2,49,60]. 
Combined with arthroscopy it has theoretical advantages 
but low representation in the literature precludes conclu- 
sions [60]. Vascularised graft has been used in the hu- 
meral head, however there is not enough evidence to 
recommend it over arthroplasty for stage 3 and 4 disease 
[60]. 

Humeral head hemiarthroplasty has good to excellent 
results in low numbers of reports for stage four disease 
[60], however results may deteriorate with time due to 
glenoid erosion [2]. Humeral head resurfacing has some 
anecdotal evidence but minimal representation in the 
literature [60]. Total shoulder arthroplasty is reserved for 
grade five (glenoid involvement) disease and has been 
shown to improve pain and function [49] in limited 
numbers. Although sparsely investigated in the literature 
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multiple authors have concluded the humeral head NON 
has a better prognosis than that of femoral head NON, 
particularly in the setting of continued steroid use. One 
may postulate that because the shoulder transmits less 
weight than the hip the time to collapse and loss of 
structural integrity is longer. It is difficult to draw any 
firm conclusions from the current literature, however it 
appears that treatment algorithms will be similar to that 
of femoral head NON, with the possible addition of ar- 
throscopic evaluation and debridement in the shoulder. 

Literature on the treatment of NON affecting other ar- 
eas is limited to case series and case reports. Osteo- 
chondral autograft transplantation for CS induced NON 
of the elbow [85] and femoral condyle [86] has been 
described, as has osteochondral allograft [87], autolo-
gous chondrocyte transplantation (ACI) [88] and syn-
thetic structural graft [88] of the femoral condyles, with 
generally good results at short follow-up. The available 
literature does not allow solid conclusions. 

4. CONCLUSIONS 

We present a thorough review of the English literature 
and an illustrative case report of corticosteroid induced 
osteonecrosis. Whilst it is difficult to make firm recom- 
mendations due to the heterogeneity of the literature a 
number of trends are apparent. 

It appears that there is, albeit undefined, a dose de- 
pendant relationship and probably a preparation depend- 
ant relationship to corticosteroid induced osteonecrosis. 
This may be markedly different between patients and 
may have a genetic component. If steroid therapy is to be 
commenced, we recommend that the lowest possible 
dose be used for the shortest possible duration and that 
oral preparations, such as prednisolone, are used in place 
of parenteral preparations where possible. 

It seems appropriate to assess the functional effect of 
steroid treatment such as change in body mass or serum 
triglyceride levels to assess a patient’s risk of developing 
osteonecrosis. We are unable to recommend a preventa- 
tive regimen. All patients being commenced on a corti- 
costeroid should be educated regarding the risk of non- 
traumatic osteonecrosis, the early clinical symptoms and 
the benefits of early diagnosis. We recommend regular 
follow up with clinical examination and aggressive in- 
vestigation to achieve early diagnosis. Investigations 
should include plain radiographs and, if required for di- 
agnosis, MRI. If nontraumatic osteonecrosis is diagnosed 
imaging of other at risk joints (such as the contralateral 
hip) should be performed. The routine radiographic 
screening of high risk patients remains controversial due 
to the uncertain significance of early MRI findings of 
and the unproven treatment benefits of asymptomatic 
lesions and therefore cannot be recommended. 

We recommend core decompression for Ficat stage 

one or two osteonecrosis of the femoral head; the addi- 
tion of bone graft is of unproven benefit. For late stage 
disease we recommend total hip arthroplasty in appropri- 
ate patients. Osteotomy may be appropriate for certain 
lesions or patients although the technical difficulties and 
improvements in total hip arthroplasty make this less 
appealing. Arthrodesis remains relatively contraindicated 
in NON. Due to the low representation in the literature it 
is not possible to make any evidence based conclusions 
regarding the treatment of corticosteroid induced os- 
teonecrosis of other areas, however the basic principles 
of management still apply. It seems reasonable to per- 
form joint preserving operations for pre collapse lesions 
and joint replacement or arthrodesis procedures for post 
collapse lesions as appropriate to the involved area. 

The clinical investigation of osteonecrosis, particularly 
non-traumatic osteonecrosis, is made difficult by the low 
incidence in the general population, late onset of clinical 
symptoms, concurrent medical comorbidities and the 
uncertain significance of early radiologic findings. De- 
spite this, good quality future investigations need to fo- 
cus on the early treatment of corticosteroid induced os- 
teonecrosis, particularly the pharmacologic treatment and 
core decompression. The recent investigation of corti- 
costeroid induced osteonecrosis is largely in vitro ex- 
periments focusing on pathophysiology with interesting 
yet inconclusive results. More effort needs to be focused 
in this area and that of pharmacologic prevention. The 
intriguing possibility of spontaneous healing of osteone- 
crotic lesions also warrants further exploration. 
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