What is avascular necrosis?

Avascular necrosis is a disease resulting from the temporary or permanent loss of the blood supply to the bones. Without blood, the bone tissue dies and causes the bone to collapse. If the process involves the bones near a joint, it often leads to collapse of the joint surface. This disease also is known as osteonecrosis, aseptic necrosis, and ischemic bone necrosis.

What causes Osteonecrosis?

Avascular necrosis has several causes. Loss of blood supply to the bone can be caused by an injury (trauma-related avascular necrosis or joint dislocation) or by certain risk factors (nontraumatic avascular necrosis), such as some medications (steroids), blood coagulation disorders, or excessive alcohol use.  Corticosteroid use and excessive alcohol intake are reported to account for more than 90 percent of cases [1].

The pathogenesis of osteonecrosis is an area of controversy in the existing literature. Most believe that it is the result of the combined effects of metabolic factors, local factors affecting blood supply such as vascular damage, increased intraosseous pressure, and mechanical stresses [1-3]. It probably begins by interruption of the blood supply to the bone; subsequently, the adjacent area becomes hyperemic, resulting in demineralization, trabecular thinning, and if stressed, collapse.


What Are the Symptoms?
The most common presenting symptom of osteonecrosis is pain [22,23].
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 Groin pain is most common in patients with femoral head disease, followed by thigh and buttock pain.
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 Weight-bearing and motion-induced pain are seen in most cases.
  [image: image3.png]


 Rest pain occurs in two-thirds of patients, and night pain in approximately one-third.
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 Rarely, pain in multiple joints suggests a multifocal process.

A small proportion of patients are asymptomatic; in these cases the diagnosis is usually incidental.

Osteonecrosis usually occurs in the anterolateral femoral head, although it may also affect the humeral head, femoral condyles, proximal tibia, vertebrae, and small bones of the hand and foot [3]. Many patients have bilateral involvement at the time of diagnosis, including disease of the hips, knees, and shoulders.

Physical findings are largely nonspecific. Patients may have pain and eventual limitation on range of motion, particularly with forced internal rotation and abduction. A limp may be present late in the course of lower extremity disease [1].

CLASSIFICATION AND STAGING — Classification of osteonecrosis has been based upon pathologic findings, while staging is usually performed on the basis of radiologic and histologic features.

Pathology — The pathologic findings are similar in all cases of osteonecrosis, regardless of the etiology. A classification scheme was proposed in the early 1970s that is useful for pathologic purposes, but does not correlate with the stage of disease or symptoms [24]:
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 Type I — Prenecrotic, interstitial edema/plasmostasis confined to the bone marrow with occasional foam cells seen
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 Type II — Medullary spaces filled with necrotic tissue
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 Type III — Marrow necrosis associated with trabecular necrosis; up to 100 percent of lacunae are empty.
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 Type IV — Complete necrosis with dense medullary fibrosis and new bone formation on dead trabeculae

Any or all pathologic types can be seen in one specimen depending upon sampling.

Staging — Numerous staging systems for osteonecrosis of the femoral head have been developed since the first one described by Ficat and Arlet which was based primarily upon radiographic findings. Newer imaging modalities and the need for quantification of involvement have led to these revisions. The Association of Research Circulation Osseous (ARCO) has recently developed a staging system that is hoped will bring uniformity to clinical trials of treatment strategies [28].
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 Stage 0 — All diagnostic studies normal, diagnosis by histology only
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 Stage 1 — Plain radiographs and computed tomography normal, magnetic resonance imaging positive and biopsy positive, extent of involvement A, B, or C (less than 15 percent, 15 to 30 percent, and greater than 30 percent, respectively).
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 Stage 2 — Radiographs positive but no collapse, extent of involvement A, B, or C.
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 Stage 3 — Early flattening of dome, crescent sign, computed tomography or tomograms may be needed, extent of involvement A, B, or C, further characterization by amount of depression (in millimeters).
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 Stage 4 — Flattening of femoral head with joint space narrowing, possible other signs of early
TREATMENT — The treatment of osteonecrosis remains one of the most controversial subjects in the orthopedic literature. The goal of therapy is to preserve the native joint for as long as possible. There are four main therapeutic options:
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 Conservative management
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 Joint (eg, total hip) replacement
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 Core decompression with or without bone-grafting
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 Osteotomy
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INTRODUCTION — Osteonecrosis, also known as aseptic necrosis, avascular necrosis, ischemic necrosis, and osteochondritis dissecans, is a pathological process that has been associated with numerous conditions and therapeutic interventions. The mechanisms by which this disorder develops are not fully understood. However, compromise of the bone vasculature leading to the death of bone and marrow cells, and ultimate mechanical failure, appear to be common to most proposed etiologies. The process is most often progressive, resulting in joint destruction within three to five years if left untreated.

The exact prevalence of osteonecrosis is unknown. In the United States, there are an estimated 10,000 to 20,000 new patients diagnosed per year [1], and osteonecrosis is the underlying diagnosis in approximately 10 percent of all total hip replacements [2]. The male to female ratio of this disorder is 8 to 1. The average age at diagnosis is less than 40 years.

ETIOLOGY AND PATHOGENESIS — A variety of traumatic and nontraumatic factors contribute to the etiology of osteonecrosis. A definitive etiologic role has been established for some of these factors, but the majority are probable relationships. Corticosteroid use and excessive alcohol intake are reported to account for more than 90 percent of cases [1].

The pathogenesis of osteonecrosis is an area of controversy in the existing literature. Most believe that it is the result of the combined effects of metabolic factors, local factors affecting blood supply such as vascular damage, increased intraosseous pressure, and mechanical stresses [1-3]. It probably begins by interruption of the blood supply to the bone; subsequently, the adjacent area becomes hyperemic, resulting in demineralization, trabecular thinning, and if stressed, collapse.

Corticosteroids — Numerous studies exist relating corticosteroid use to the development of osteonecrosis. Many are small retrospective series and case reports with anecdotal evidence and poor controls. The overall incidence of developing osteonecrosis as a consequence of steroid therapy is very low.

One possible mechanism of steroid-induced osteonecrosis involves alterations in circulating lipids with resultant microemboli in the arteries supplying bone. A newer theory proposes that steroids induce changes in venous endothelial cells, leading to stasis, increased intraosseous pressure, and eventual necrosis [4].

Patients treated with prolonged high doses of corticosteroids appear to be at the greatest risk of developing osteonecrosis; however, these patients often have multiple other risk factors. Even patients receiving chronic physiologic corticosteroid replacement for adrenal insufficiency may develop osteonecrosis (2.4 percent in one report) [5]. In comparison, osteonecrosis is a rare complication of short-term corticosteroid use, including pulse therapy and intraarticular steroid injections.

Most studies have found that the risk is low (less than 3 percent) in patients treated with doses of prednisone less than 15 to 20 mg/day. In one series, the prednisone dose in the highest month of therapy exceeded 40 mg/day in 93 percent, and 20 mg/day in 100 percent of patients with osteonecrosis [6]. The only clinical finding that distinguished patients with osteonecrosis from those without this complication was a cushingoid appearance (86 versus 15 percent).

It has been suggested that the initial corticosteroid dose may be more important than the total dose or duration of therapy. One report, for example, evaluated 17 patients with systemic lupus erythematosus who developed osteonecrosis [7]. The corticosteroid dose during the initial period of therapy was compared with that of 25 control patients with SLE. The patients with osteonecrosis had received a substantially higher dose of corticosteroids in the first one, three, and six months of therapy. In comparison, the duration of therapy did not correlate with osteonecrosis, and total corticosteroid exposure was virtually identical in both groups.

Osteonecrosis is a rare complication of Cushing's syndrome. This is a probable reflection of the lower glucocorticoid exposure than seen with high-dose steroid therapy.

Alcohol — Excessive alcohol use and the development of osteonecrosis have been linked for decades; fat emboli, venous stasis, and increased cortisol levels have all been implicated as etiologic factors. One epidemiologic study compared 112 patients with idiopathic osteonecrosis of the femoral head and no history of systemic corticosteroid use to 168 hospital controls [8]. An elevated risk for regular drinkers and a clear dose-response relationship was noted; the relative risks were 3.3, 9.8, and 17.9 for current consumers of less than 400, 400 to 1000, and more than 1000 mL/week of alcohol, respectively, compared to controls.

Lupus — Osteonecrosis has been reported in 3 to 30 percent of patients with systemic lupus erythematosus (SLE) [7,9]. This wide range reflects the use of different techniques in defining this disorder (from the less sensitive X-ray to the very sensitive MRI), variations in steroid dosing, and different periods of follow-up. One report followed 228 patients with SLE for a mean period of 31 months; 9 percent had osteonecrosis and it was estimated that the frequency would rise to 30 percent at 10 to 15 years [9].

Patients with SLE who have taken corticosteroids are at greatest risk [7,9,10], although occasional cases have been noted in the absence of steroid therapy. Osteonecrosis often develops in patients with SLE a relatively short time after the onset of corticosteroid therapy. One prospective study, for example, evaluated 60 patients with SLE over a period of five years [10]. Those who had no MRI abnormalities in the femoral head during the first year of follow-up were unlikely to develop osteonecrosis at a later date.

Other risk factors for osteonecrosis have also been identified in SLE. These include regular doses of prednisone greater than 20 mg/day, evidence of steroid-associated end organ effect, Raynaud phenomenon, and hyperlipidemia, and antiphospholipid antibodies. There are conflicting data on the role of antiphospholipid antibodies. Some data support an association [50] while other data does not [11].

Additional associations have been suggested, including African-American origin, Cushingoid habitus, vasculitis, pleuritis, and CNS involvement [50].

Antiphospholipid antibodies — In addition to their role in patients with SLE, antiphospholipid antibodies may be associated with an increased risk of osteonecrosis in other individuals. This was illustrated in a study of 45 patients with osteonecrosis, only 9 of whom had SLE [12]. The prevalence of antiphospholipid antibodies was more than three-fold more frequent in patients of osteonecrosis than among 40 healthy controls (34 versus 10 percent).

Trauma — Fracture or dislocation may cause damage to the extraosseous blood vessels supplying the affected region. Fractures in the subcapital region of the femoral neck, for example, frequently interrupt the major part of the blood supply to the head of the femur which can result in ischemia and bone necrosis [13].

Sickle cell hemoglobinopathies — Osteonecrosis is common in patients with homozygous sickle cell disease due to red cell sickling and bone marrow hyperplasia. Approximately 50 percent of affected patients develop osteonecrosis by the age of 35.

Gaucher's disease — Gaucher's disease is an hereditary (autosomal recessive) disorder of glucocerebroside metabolism that results in the accumulation of cerebroside-filled cells within the bone marrow. This process may lead to compression of the vasculature and subsequent osteonecrosis. Osteonecrosis has been reported in 60 percent of patients with Gaucher's disease [14].

Caisson disease (dysbarism) — The increased pressure associated with dysbarism can lead to the formation of nitrogen bubbles which may occlude arterioles and cause osteonecrosis. This can develop years after the exposure; the number of exposures and the magnitude of depth or pressure are important risk factors.

Transplantation — Osteonecrosis is probably the most debilitating of the musculoskeletal complications following renal transplantation. It is usually multifocal in this setting, with 50 to 70 percent of affected having more than one joint involved. Previous studies suggested an incidence of approximately 15 percent within three years of the transplant; however, the risk has decreased since the introduction of cyclosporine (with consequent decreases in corticosteroid dosage) [15,16]. It is unclear whether osteopenia and preexisting hyperparathyroidism are independent risk factors in this population [17].

Osteonecrosis may also occur with other types of transplantation. As an example, the prevalence among 207 recipients of stem cell hematopoietic transplantation for lympho- or myeloproliferative diseases [18]. Patients receiving a stem cell allografts were more often affected than those receiving their own cells (10 percent and 2 percent, respectively). The presence of graft versus host disease and the duration and cumulative dose of corticosteroids were all risk factors for development of this complication.

Inherited thrombophilia — There are conflicting data from small retrospective series regarding mutations in genes for proteins in the coagulation cascade and fibrinolytic pathways. Two reports suggested an increased prevalence of the factor V Leiden mutation in patients with osteonecrosis compared to healthy controls [19,20], a finding that was not seen in a third study [12]. In the latter study an elevation in the hypofibrinolytic plasminogen activator inhibitor was found more frequently in cases than controls (42 percent and 3 percent, respectively). No association was noted in these series with prothrombin or methylenetetrahydrofolate reductase mutations. 
HIV infection — Infection with the human immunodeficiency virus (HIV) may confer an increased risk of developing osteonecrosis of the femoral head. In one case-control study the point prevalence of osteonecrosis that was apparent on MRI was 4 percent among 339 HIV infected patients, while no osteonecrosis was found in 118 gender and age-matched healthy controls [21]. Additional risk factors in the HIV infected population may be use of glucocorticoids, lipid-lowering drugs, testosterone, and weight training.

Children — In addition to the above disorders, there are two causes of osteonecrosis that are limited to children: idiopathic osteonecrosis of the femoral head (Legg-Calvé-Perthes disease); and osteonecrosis occurring in children, usually adolescents, with a slipped capital femoral epiphysis. 
CLINICAL MANIFESTATIONS AND DIAGNOSIS — Early diagnosis of osteonecrosis may provide the opportunity to prevent collapse and ultimately the need for joint replacement. However, most patients present late in the course of the disease. Thus, a high index of suspicion is necessary for those with known or probable risk factors, particularly high dose steroid use.

The most common presenting symptom of osteonecrosis is pain [22,23].
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 Groin pain is most common in patients with femoral head disease, followed by thigh and buttock pain.
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 Weight-bearing and motion-induced pain are seen in most cases.
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 Rest pain occurs in two-thirds of patients, and night pain in approximately one-third.
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 Rarely, pain in multiple joints suggests a multifocal process.

A small proportion of patients are asymptomatic; in these cases the diagnosis is usually incidental.

Osteonecrosis usually occurs in the anterolateral femoral head, although it may also affect the humeral head, femoral condyles, proximal tibia, vertebrae, and small bones of the hand and foot [3]. Many patients have bilateral involvement at the time of diagnosis, including disease of the hips, knees, and shoulders.

Physical findings are largely nonspecific. Patients may have pain and eventual limitation on range of motion, particularly with forced internal rotation and abduction. A limp may be present late in the course of lower extremity disease [1].

Radiographic evaluation — The evaluation for suspected osteonecrosis of the femoral head should begin with anterior-posterior and frog-leg lateral films. Lateral films are necessary to evaluate the superior portion of the femoral head where subchondral abnormalities may be seen. The plain radiograph can remain normal for months after symptoms of osteonecrosis begin; the earliest findings are mild density changes, followed by sclerosis and cysts as the disease progresses. The pathognomonic crescent sign (subchondral radiolucency) is evidence of subchondral collapse. Later stages reveal loss of sphericity or collapse of the femoral head. Ultimately, joint-space narrowing and degenerative changes in the acetabulum are visible [24].

Technetium-99m bone scanning is useful for patients with suspected disease who have negative radiographs, unilateral symptoms, and no risk factors. Increased bone turnover at the junction of dead and reactive bone results in increased uptake surrounding a cold area; this has been called the doughnut sign [25].

Magnetic resonance imaging (MRI) is far more sensitive than plain radiographs or bone scanning, with an overall reported sensitivity of 91 percent [3]. Changes can be seen early in the course of disease when other studies are negative.
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 Focal lesions are well demarcated and inhomogeneous on T-1 weighted images. The earliest finding is a single density line (low intensity signal) that represents the separation of normal and ischemic bone.
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 A second high intensity line appears on T-2 weighted images, representing hypervascular granulation tissue; this is the pathognomonic double-line sign  [26].

Measurement of bone marrow pressure, venography, and bone biopsy have largely been replaced by MRI as a means of diagnosing osteonecrosis. However, there must be some caution in interpreting MRI findings, particularly in asymptomatic patients. One study, for example, evaluated 23 steroid-treated patients with SLE who had no hip pain and a negative hip X-ray [27]. Eight (35 percent) had evidence of osteonecrosis of the femoral head on MRI and six (26 percent) by radionuclide bone scanning. Over a three year period, only two of the eight patients with an initially abnormal MRI developed a lesion detectable by conventional hip x-ray. Thus, treatment based upon an abnormal MRI findings alone, in the absence of symptoms, may result in overtreatment of some patients.

CLASSIFICATION AND STAGING — Classification of osteonecrosis has been based upon pathologic findings, while staging is usually performed on the basis of radiologic and histologic features.

Pathology — The pathologic findings are similar in all cases of osteonecrosis, regardless of the etiology. A classification scheme was proposed in the early 1970s that is useful for pathologic purposes, but does not correlate with the stage of disease or symptoms [24]:
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 Type I — Prenecrotic, interstitial edema/plasmostasis confined to the bone marrow with occasional foam cells seen
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 Type II — Medullary spaces filled with necrotic tissue
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 Type III — Marrow necrosis associated with trabecular necrosis; up to 100 percent of lacunae are empty.
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 Type IV — Complete necrosis with dense medullary fibrosis and new bone formation on dead trabeculae

Any or all pathologic types can be seen in one specimen depending upon sampling.

Staging — Numerous staging systems for osteonecrosis of the femoral head have been developed since the first one described by Ficat and Arlet which was based primarily upon radiographic findings. Newer imaging modalities and the need for quantification of involvement have led to these revisions. The Association of Research Circulation Osseous (ARCO) has recently developed a staging system that is hoped will bring uniformity to clinical trials of treatment strategies [28].
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 Stage 0 — All diagnostic studies normal, diagnosis by histology only
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 Stage 1 — Plain radiographs and computed tomography normal, magnetic resonance imaging positive and biopsy positive, extent of involvement A, B, or C (less than 15 percent, 15 to 30 percent, and greater than 30 percent, respectively).
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 Stage 2 — Radiographs positive but no collapse, extent of involvement A, B, or C.
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 Stage 3 — Early flattening of dome, crescent sign, computed tomography or tomograms may be needed, extent of involvement A, B, or C, further characterization by amount of depression (in millimeters).

  [image: image32.png]


 Stage 4 — Flattening of femoral head with joint space narrowing, possible other signs of early osteoarthritis

TREATMENT — The treatment of osteonecrosis remains one of the most controversial subjects in the orthopedic literature. The goal of therapy is to preserve the native joint for as long as possible. There are four main therapeutic options:
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 Conservative management
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 Joint (eg, total hip) replacement
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 Core decompression with or without bone-grafting
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 Osteotomy

Conservative therapy — Conservative or nonoperative management for osteonecrosis of the hip or knee includes bed rest, partial weightbearing with crutches, and weightbearing as tolerated, in addition to nonsteroidal agents or other analgesics. This approach has generally been ineffective at halting the progression of disease. As an example, in a retrospective review of 50 hips diagnosed by plain radiograph or bone scan with Ficat stage II, III, or IV osteonecrosis, only three hips (6 percent) remained stable and none improved [29]. Total hip replacement was performed in 34 percent within 16 months.

A meta-analysis of 21 studies looking at conservative therapy in 819 hips with a mean follow-up time of 34 months found slightly better but similar results [30]. Only 23 percent achieved satisfactory clinical results with a Harris Hip Score greater than 80. Follow-up radiographs on 559 hips showed no progression in 26 percent; 174 of 219 hips required replacement.

In osteonecrosis of the shoulder, results with conservative treatment (such as analgesics, avoidance of overhead use of the arm, gentle stretching, and strengthening exercises) may be more efficacious. In one retrospective study, similar results were obtained with conservative and surgical therapy [31].

Joint replacement — The results of total hip arthroplasty for the treatment of osteonecrosis are inconsistent. Most studies suggest a worse prognosis in this disease than for other disorders, with failures being three to four times more common. A retrospective review, for example, compared total hip replacement of 29 hips in 23 patients with osteonecrosis to the same procedure in 63 hips affected by osteoarthritis [32]. The revision rate was much higher in the osteonecrosis group (28 versus 6 percent), and the time to revision was an average of five years earlier in these patients. On the other hand, hip scores following surgery were significantly better in the osteoarthritis group. Possible explanations for the higher failure rate in patients with osteonecrosis include poor bone quality, younger, heavier, and more active patients, and bilateral disease.

Total knee replacement is an option in patients who have osteonecrosis affecting this area. Similar to total hip arthroplasty, the success rate may be lower in patients with osteonecrosis than in those receiving joint replacement for other reasons. In one report of patients with systemic lupus erythematosus and avascular necrosis, for example, knee arthroplasty resulted in a successful outcome in only 11 of 25 patients [33].

Total arthroplasty may also be utilized in those with osteonecrosis of the shoulder. In a retrospective study, 14 of 16 patients had a successful outcome when assessed at 4 years after surgery [31]. These patients either had stage 4 osteonecrosis, or had failed conservative treatment or core decompression.

Core decompression — The failure of conservative management and relatively poor long-term survival of prosthetic devices created the need for other interventions aimed at preserving the femoral head and slowing or halting the progression of osteonecrosis. Core decompression was initially used as a diagnostic tool to measure bone marrow pressure and obtain biopsy specimens. It became a mode of therapy when it was noted that patients had some pain relief following the procedure.

Numerous small case series and retrospective studies looking at core decompression have been reported in the last thirty years; few randomized controlled trials have been performed. In one prospective randomized controlled study of core decompression versus conservative treatment of 55 hips in 36 patients with osteonecrosis, success (as judged by the Harris hip score) was achieved in 7 of 10 surgically treated Stage I hips compared to 1 of 5 conservatively treated hips at this stage [34]. Success was also higher with surgery in stage II hips (5 of 7 versus 0 of 7) and stage III hips (8 of 11 versus 1 of 10). Stages 0 and IV had groups too small for comparison. Less successful results were seen if roentgenographic criteria of success were used.

A second randomized trial of 37 hips in 33 patients randomized to core decompression versus conservative treatment found that pain relief was significantly better by the first follow-up in the core decompression group [35]. However, no statistical difference was found between the groups in the time to collapse.

Core decompression for osteonecrosis of the shoulder has not been subjected to prospective, well designed studies. A retrospective report describing core decompression of 95 shoulders with osteonecrosis reported "good to excellent clinical outcomes" in 74 (78 percent) [31]. Of those shoulders with Ficat and Arlet radiographic stage 1, 2, 3, and 4 osteonecrosis, symptomatic relief after decompression was noted in 94, 92, 71, and 13 percent, respectively.

Osteotomy — Osteotomy has also been used as a joint-sparing technique to treat osteonecrosis. The goal of this procedure is to move the area of necrosis away from the major load transmitting area of the acetabulum, and redistribute the weightbearing forces to articular cartilage which is supported by healthy bone [1]. There are a variety of techniques by which this may be accomplished, several of which are technically demanding.

Results of clinical trials employing osteotomy vary; the best outcomes have been reported in the Japanese literature. In one report, for example, osteotomy was performed in 128 hips of 90 patients who were then followed for two to nine years [36]. Excellent results were obtained clinically and roentgenographically in 98 hips; the success rate was 90 percent in stage I or II hips. Progressive collapse in the newly created weightbearing area occurred in 25 hips where the lesions had been extensive.

Decompression versus osteotomy — Core decompression and osteotomy may have similar efficacy in early disease, but intertrochanteric osteotomy may be preferred for patients who have progressed to collapse of the femoral head by the time of diagnosis. This was illustrated in a study of the two techniques in a cohort of 177 patients [37]. Core decompressions were performed on 94 patients and intertrochanteric osteotomies on 83. Failure of the initial procedure, as indicated by the need for any further hip surgery, occurred in similar proportions of those with early (precollapse) disease (26 versus 22 percent). In contrast, failure was more likely following core decompression in those with more advanced disease: for those with collapse of the femoral head at the time of initial surgery, the failure rates were 44 versus 24 percent with osteotomy. These findings are biologically plausible since core decompression would not be expected to be as effective once collapse has occurred.

Other — Several other modalities have been explored to treat osteonecrosis, including the use of vascularized fibular bone grafting with core decompression, the use of electrical stimulation by direct current, capacitive coupling or pulsed electromagnetic fields, and pharmacologic agents such as ergoloids, naftidrofuryl and vincamine aimed at reducing bone marrow pressure. None has met with great success in the trials to date.

Recommendations — The optimal treatment for osteonecrosis has yet to be determined. Analyzing the existing data regarding therapy is difficult since most studies are small and retrospective. There are few prospective studies, and given the progressive nature of the process, untreated controls are not possible. In addition to the size of the studies, differences in staging schemes, proposed etiologies of enrolled patients, and quantification of clinical and radiographic response are not standard.

  Osteonecrosis of the femoral head — Based upon the available data, the following recommendations can be made concerning osteonecrosis of the femoral head:
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 In early stage 0 to 2 lesions in young active patients, core decompression offers the best chance at preserving the femoral head.
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 In later stage 2 lesions with cyst formation and stage 3 disease, osteotomy may be the best option.
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 In stage 4, and in older sedentary patients with less severe disease, total hip replacement is the treatment of choice.

Total hip replacement fails in almost 60 percent of patients with osteonecrosis due to sickle cell disease. One report found that core decompression was effective early in the course of osteonecrosis in these patients [38].

  Osteonecrosis of the humeral head — Although no randomized trial concerning management of humeral head osteonecrosis has been performed, the available data supports the following recommendations [31]:
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 In those with lesions of stage 3 or less, a trial of conservative therapy for up to 3 months is a reasonable initial option. Core decompression is the best option in patients who do not respond to conservative therapy .
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 In those with stage 4 lesions, and those who have less severe radiographic disease but continued symptoms, total shoulder arthroplasty is the treatment of choice.
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