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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. 

Although it can happen in any bone, avascular necrosis most commonly affects the ends (epiphysis) of long bones such as the femur, the bone extending from the knee joint to the hip joint. Other common sites include the upper arm bone, knees, shoulders, and ankles. The disease may affect just one bone, more than one bone at the same time, or more than one bone at different times. Avascular necrosis usually affects people between 30 and 50 years of age; about 10,000 to 20,000 people develop avascular necrosis each year. Orthopaedic doctors most often diagnose the disease.

The amount of disability that results from avascular necrosis depends on what part of the bone is affected, how large an area is involved, and how effectively the bone rebuilds itself. The process of bone rebuilding takes place after an injury as well as during normal growth. Normally, bone continuously breaks down and rebuilds--old bone is reabsorbed and replaced with new bone. The process keeps the skeleton strong and helps it to maintain a balance of minerals. In the course of avascular necrosis, however, the healing process is usually ineffective and the bone tissues break down faster than the body can repair them. If left untreated, the disease progresses, the bone collapses, and the joint surface breaks down, leading to pain and arthritis.

What Causes Avascular Necrosis?

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. Increased pressure within the bone also is associated with avascular necrosis. The pressure within the bone causes the blood vessels to narrow, making it hard for the vessels to deliver enough blood to the bone cells.

Injury

When a joint is injured, as in a fracture or dislocation, the blood vessels may be damaged. This can interfere with the blood circulation to the bone and lead to trauma-related avascular necrosis. Studies suggest that this type of avascular necrosis may develop in more than 20 percent of people who dislocate their hip joint.

Steroid Medications

Corticosteroids such as prednisone are commonly used to treat diseases in which there is inflammation, such as systemic lupus erythematosus, rheumatoid arthritis, inflammatory bowel disease, and vasculitis. Studies suggest that long-term, systemic (oral or intravenous) corticosteroid use is associated with 35 percent of all cases of nontraumatic avascular necrosis. However, there is no known risk of avascular necrosis associated with the limited use of steroids. Patients should discuss concerns about steroid use with their doctor. 

Doctors aren't sure exactly why the use of corticosteroids sometimes leads to avascular necrosis. They may interfere with the body's ability to break down fatty substances. These substances then build up in and clog the blood vessels, causing them to narrow. This reduces the amount of blood that gets to the bone. Some studies suggest that corticosteroid-related avascular necrosis is more severe and more likely to affect both hips (when occurring in the hip) than avascular necrosis resulting from other causes.

Alcohol Use

Excessive alcohol use and corticosteroid use are two of the most common causes of nontraumatic avascular necrosis. In people who drink an excessive amount of alcohol, fatty substances may block blood vessels, causing a decreased blood supply to the bones that results in avascular necrosis. 

Other Risk Factors

Other risk factors or conditions associated with nontraumatic avascular necrosis include Gaucher's disease, pancreatitis, radiation treatments and chemotherapy, decompression disease, and blood disorders such as sickle cell disease.

Who Is Likely To Develop Avascular Necrosis?

Avascular necrosis affects both men and women and affects people of all ages. It is most common among people in their thirties and forties. Depending on a person's risk factors and whether the underlying cause is trauma, it also can affect younger or older people. 

What Are the Symptoms?

In the early stages of avascular necrosis, patients may not have any symptoms. As the disease progresses, however, most patients experience joint pain--at first, only when putting weight on the affected joint, and then even when resting. Pain usually develops gradually and may be mild or severe. If avascular necrosis progresses and the bone and surrounding joint surface collapse, pain may develop or increase dramatically. Pain may be severe enough to limit the patient's range of motion in the affected joint. In some cases, particularly those involving the hip, disabling osteoarthritis may develop. The period of time between the first symptoms and loss of joint function is different for each patient, ranging from several months to more than a year.

How Is Avascular Necrosis Diagnosed?

After performing a complete physical examination and asking about the patient's medical history (for example, what health problems the patient has had and for how long), the doctor may use one or more imaging techniques to diagnose avascular necrosis. As with many other diseases, early diagnosis increases the chances of treatment success.

It is likely that the doctor first will recommend a radiograph, commonly called an x ray. X rays can help identify many causes of joint pain, such as a fracture or arthritis. If the x ray is normal, the patient may need to have more tests. Research studies have shown that magnetic resonance imaging, or MRI, is the most sensitive method for diagnosing avascular necrosis in the early stages. The tests described below may be used to determine the amount of bone affected and how far the disease has progressed. 

X Ray

An x ray is a common tool that the doctor may use to help diagnose the cause of joint pain. It is a simple way to produce pictures of bones. The x ray of a person with early avascular necrosis is likely to be normal because x rays are not sensitive enough to detect the bone changes in the early stages of the disease. X rays can show bone damage in the later stages, and once the diagnosis is made, they are often used to monitor the course of the condition.

Magnetic Resonance Imaging (MRI)

MRI is quickly becoming a common method for diagnosing avascular necrosis. Unlike x rays, bone scans, and CT (computed/computerized tomography) scans, MRI detects chemical changes in the bone marrow and can show avascular necrosis in its earliest stages. MRI provides the doctor with a picture of the area affected and the bone rebuilding process. In addition, MRI may show diseased areas that are not yet causing any symptoms.

Bone Scan

Also known as bone scintigraphy, bone scans are used most commonly in patients who have normal x rays. A harmless radioactive dye is injected into the affected bone and a picture of the bone is taken with a special camera. The picture shows how the dye travels through the bone and where normal bone formation is occurring. A single bone scan finds all areas in the body that are affected, thus reducing the need to expose the patient to more radiation. Bone scans do not detect avascular necrosis at the earliest stages. 

Computed/Computerized Tomography

A CT scan is an imaging technique that provides the doctor with a three-dimensional picture of the bone. It also shows "slices" of the bone, making the picture much clearer than x rays and bone scans. Some doctors disagree about the usefulness of this test to diagnose avascular necrosis. Although a diagnosis usually can be made without a CT scan, the technique may be useful in determining the extent of bone damage.

Biopsy

A biopsy is a surgical procedure in which tissue from the affected bone is removed and studied. Although a biopsy is a conclusive way to diagnose avascular necrosis, it is rarely used because it requires surgery.

Functional Evaluation of Bone

Tests to measure the pressure inside a bone may be used when the doctor strongly suspects that a patient has avascular necrosis, despite normal results of x rays, bone scans, and MRIs. These tests are very sensitive for detecting increased pressure within the bone, but they require surgery.

What Treatments Are Available?

Appropriate treatment for avascular necrosis is necessary to keep joints from breaking down. If untreated, most patients will experience severe pain and limitation in movement within 2 years.

Several treatments are available that can help prevent further bone and joint damage and reduce pain. To determine the most appropriate treatment, the doctor considers the following aspects of a patient's disease:

· The age of the patient

· The stage of the disease--early or late

· The location and amount of bone affected--a small or large area

· The underlying cause of avascular necrosis--with an ongoing cause such as corticosteroid or alcohol use, treatment may not work unless use of the substance is stopped. 

The goal in treating avascular necrosis is to improve the patient's use of the affected joint, stop further damage to the bone, and ensure bone and joint survival. To reach these goals, the doctor may use one or more of the following treatments.

Conservative Treatment

· Medicines--to reduce fatty substances (lipids) that increase with corticosteroid treatment or to reduce blood clotting in the presence of clotting disorders. Nonsteroidal anti-inflammatory drugs may also be prescribed to reduce pain.

· Reduced weight bearing--If avascular necrosis is diagnosed early, the doctor may begin treatment by having the patient remove weight from the affected joint. The doctor may recommend limiting activities or using crutches. In some cases, reduced weight bearing can slow the damage caused by avascular necrosis and permit natural healing. When combined with medication to reduce pain, reduced weight bearing can be an effective way to avoid or delay surgery for some patients.

· Range-of-motion exercises--may be prescribed to maintain or improve joint range of motion.

· Electrical stimulation--to induce bone growth.

Conservative treatments have been used experimentally alone or in combination. However, these treatments rarely provide lasting improvement. Therefore, most patients will eventually need surgery to repair the joint permanently.

Surgical Treatment

· Core decompression--This surgical procedure removes the inner layer of bone, which reduces pressure within the bone, increases blood flow to the bone, and allows more blood vessels to form. Core decompression works best in people who are in the earliest stages of avascular necrosis, often before the collapse of the joint. This procedure sometimes can reduce pain and slow the progression of bone and joint destruction in these patients.

· Osteotomy--This surgical procedure reshapes the bone to reduce stress on the affected area. There is a lengthy recovery period, and the patient's activities are very limited for 3 to 12 months after an osteotomy. This procedure is most effective for patients with advanced avascular necrosis and those with a large area of affected bone. 

· Bone graft--A bone graft may be used to support a joint after core decompression. Bone grafting is surgery that transplants healthy bone from one part of the patient, such as the leg, to the diseased area. Commonly, grafts (called vascular grafts) that include an artery and veins are used to increase the blood supply to the affected area. There is a lengthy recovery period after a bone graft, usually from 6 to 12 months. This procedure is complex and its effectiveness is not yet proven. Clinical studies are under way to determine its effectiveness. 

· Arthroplasty/total joint replacement--Total joint replacement is the treatment of choice in late-stage avascular necrosis and when the joint is destroyed. In this surgery, the diseased joint is replaced with artificial parts. It may be recommended for people who are not good candidates for other treatments, such as patients who do not do well with repeated attempts to preserve the joint. Various types of replacements are available, and people should discuss specific needs with their doctor.

For most people with avascular necrosis, treatment is an ongoing process. Doctors may first recommend the least complex and invasive procedure, such as protecting the joint by limiting movement, and watch the effect on the patient's condition. Other treatments then may be used to prevent further bone destruction and reduce pain. It is important that patients carefully follow instructions about activity limitations and work closely with their doctor to ensure that appropriate treatments are used. 

What Research Is Being Done to Help People With Avascular Necrosis?

With proper treatment, most people with avascular necrosis can lead productive lives. But there is still a lot to learn about prevention, diagnosis, and treatment. For example, researchers are studying:

· New ways to diagnose avascular necrosis in its earliest stages, when nonsurgical treatment is most likely to help.

· The various causes of avascular necrosis so that, someday, it may be possible to prevent the disease.

· New treatments and improvement of the treatments that are available. In the future, medication may be an effective treatment for avascular necrosis.

· Improvements to the various types of hip replacements, to prevent younger patients from needing more than one hip replacement during their lives. 

Where Can People Find More Information About Avascular Necrosis?

National Institute of Arthritis and Musculoskeletal
and Skin Diseases Information Clearinghouse
National Institutes of Health
1 AMS Circle
Bethesda, MD 20892-3675
Phone: 301-495-4484 or 
877-22-NIAMS (226-4267) (free of charge)
TTY: 301-565-2966
Fax: 301-718-6366
http://www.niams.nih.gov/index.htm 

The clearinghouse provides information about various forms of arthritis and rheumatic disease and bone, muscle, and skin diseases. It distributes patient and professional education materials and refers people to other sources of information. Additional information and updates can also be found on the NIAMS Web site.

American Academy of Orthopaedic Surgeons
P.O. Box 2058
Des Plaines, IL 60017 
Phone: 800-824-BONE (2663) (free of charge)
www.aaos.org

The academy provides education and practice management services for orthopaedic surgeons and allied health professionals. It also serves as an advocate for improved patient care and informs the public about the science of orthopaedics. The orthopaedist's scope of practice includes disorders of the body's bones, joints, ligaments, muscles, and tendons. For a single copy of an AAOS brochure, send a self-addressed stamped envelope to the address above or visit the AAOS Web site.

Arthritis Foundation
1330 West Peachtree Street
Atlanta, GA 30309
Phone: 404-872-7100 or 800-283-7800 (free of charge)
or call your local chapter (listed in the telephone directory)
www.arthritis.org

This is the main voluntary organization devoted to providing information and services to people affected by arthritis, rheumatic diseases, and related conditions.

The Hip Society
951 Old County Road, #182
Belmont, CA 94002
Phone: 650-596-6190
Fax: 650-508-2039
www.hipsoc.org

This society maintains a list of physicians who are specialists in problems of the hip and provides physician referrals by geographic area.
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	Injury
When a joint is injured, as in a fracture or dislocation, the blood vessels may be damaged. This can interfere with the blood circulation to the bone and lead to trauma-related avascular necrosis. Studies suggest that this type of avascular necrosis may develop in more than 20 percent of people who dislocate their hip joint.

Who Is Likely To Develop Avascular Necrosis?
Avascular necrosis strikes both men and women and affects people of all ages. It is most common among people in their thirties and forties. Depending on a person's risk factors and whether the underlying cause is trauma, it also can affect younger or older people.

Magnetic Resonance Imaging (MRI)
MRI is quickly becoming a common method for diagnosing avascular necrosis. Unlike x rays, bone scans, and CT (computed/computerized tomography) scans, MRI detects chemical changes in the bone marrow and can show avascular necrosis in i ts earliest stages. MRI provides the doctor with a picture of the area affected and the bone rebuilding process. In addition, MRI may show diseased areas that are not yet causing any symptoms.

The goal in treating avascular necrosis is to improve the patient's use of the affected joint, stop further damage to the bone, and ensure bone and joint survival. To reach these goals, the doctor may use one or more of the following treatments:

Osteotomy
This surgical procedure reshapes the bone to reduce stress on the affected area. There is a lengthy recovery period, and the patient's activities are very limited for 3 to 12 months after an osteotomy. This procedure is most effective for patients with advanced avascular necrosis and those with a large area of affected bone. 

The goal in treating avascular necrosis is to improve the patient's use of the affected joint, stop further damage to the bone, and ensure bone and joint survival. To reach these goals, the doctor may use one or more of the following treatments:

Reduced Weight Bearing
If avascular necrosis is diagnosed early, the doctor may begin treatment by having the patient remove weight from the affected joint. The doctor may recommend limiting activities or using crutches. In some cases, reduced weight bearing can slow the damage caused by avascular necrosis and permit natural healing. When combined with medication to reduce pain, reduced weight bearing can be an effective way to avoid or delay surgery for some patients. Most patients eventually will need surgery, however, to repair the joint permanently. 

What Research Is Being Done To Help People With Avascular Necrosis?

With proper treatment, most people with avascular necrosis can lead normal lives. But there is still a lot to learn about prevention, diagnosis, and treatment. For example, researchers are studying:

* New ways to diagnose avascular necrosis in its earliest stages, when non- surgical treatment is most likely to help.

* The various causes of avascular necrosis so that, someday, it may be possible to prevent the disease.

* New treatments and improvement of the treatments that are available. In the future, medication may be an effective treatment for avascular necrosis.

· Improvements to the various types of hip replacements, to prevent younger patients from needing more than one hip replacement during their life. 

Other Risk Factors

Other risk factors or conditions associated with non-traumatic avascular necrosis include Gaucher's disease, pancreatitis, radiation treatments and chemotherapy, decompression disease, and blood disorders such as sickle cell disease.

Steroid Medications

Corticosteroids such as prednisone are commonly used to treat diseases in which there is inflammation, such as systemic lupus erythematosus, rheumatoid arthritis, and vasculitis. Studies suggest that long-term, systemic (oral or intravenous) corticosteroid use is associated with 35 percent of all cases of non-traumatic avascular necrosis. However, there is no known risk of avascular necrosis associated with the limited use of steroids. Patients should discuss concerns about steroid use with their doctor.

Doctors aren't sure exactly why the use of corticosteroids sometimes lead to avascular necrosis. They may interfere with the body's ability to break down fatty substances. These substances then build up in and clog the blood vessels, causing them to narrow. This reduces the amount of blood that gets to the bone. Some studies suggest that corticosteroid-related avascular necrosis is more severe and more likely to affect both hips (when occurring in the hip) than avascular necrosis resulting from other causes.

What Are the Symptoms?

In the early stages of avascular necrosis, patients may not have any symptoms. As the disease progresses, however, most patients experience joint pain-at first, only when putting weight on the affected joint, and then even when resting. Pain usually develops gradually and may be mild or severe. If avascular necrosis progresses and the bone and surrounding joint surface collapses, pain may develop or increase dramatically. Pain may be severe enough to limit the patient's range of motion in the affected joint. The period of time between the first symptoms and loss of joint function is different for each patient, ranging from several months to more than a year.

The goal in treating avascular necrosis is to improve the patient's use of the affected joint, stop further damage to the bone, and ensure bone and joint survival. To reach these goals, the doctor may use one or more of the following treatments:

Arthroplasty/Total Joint Replacement
Total joint replacement is the treatment of choice in late-stage avascular necrosis and when the joint is destroyed. In this surgery, the diseased joint is replaced with artificial parts. It may be recommended for people who are not good candidates for other treatments, such as patients who do not do well with repeated attempts to preserve the joint. 

Various types of replacements are available, and people should discuss specific needs with their doctor.

What Treatments Are Available?

Appropriate treatment for avascular necrosis is necessary to keep joints from breaking down. If untreated, most patients will suffer severe pain and limitation in movement within 2 years.

Several treatments are available that can help prevent further bone and joint damage and reduce pain. To determine the most appropriate treatment, the doctor considers the following aspects of a patient's disease:

* The age of the patient. 

* The stage of the disease-early or late. 

* The location and amount of bone affected-a small or large area. 

· The underlying cause of avascular necrosis-with an ongoing cause such as corticosteroid or alcohol use, treatment may not work unless use of the substance is stopped. 

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.

Although it can happen in any bone, avascular necrosis most commonly affects the ends (epiphysis) of long bones such as the femur, the bone extending from the knee joint to the hip joint. The disease may affect just one bone, more than one bone at the same time, or more than one bone at different times. Avascular necrosis usually affects people between 30 and 50 years of age; about 10,000 to 20,000 people develop avascular necrosis each year.

The amount of disability that results from avascular necrosis depends on what part of the bone is affected, how large an area is involved, and how effectively the bone rebuilds itself. The process of bone rebuilding takes place after an injury as well as during normal growth. Normally, bone continuously breaks down and rebuilds-old bone is torn away and reabsorbed, and replaced with new bone. The process keeps the skeleton strong and helps it to maintain a balance of minerals. In the course of avascular necrosis, however, the healing process is usually ineffective and the bone tissues break down faster than the body can repair them. If left untreated, the disease progresses, the bone collapses, and the joint surface breaks down, leading to pain and arthritis.

X Ray

An x ray is a common tool that the doctor may use to help diagnose the cause of joint pain. It is a simple way to produce pictures of bones. The x ray of a person with early avascular necrosis is likely to be normal because x rays are not sensitive enough to detect the bone changes in the early stages of the disease. X rays can show bone damage in the later stages, and once the diagnosis is made, they are often used to monitor the course of the condition.

 

Where Can I Find More Information About Avascular Necrosis?
Arthritis Foundation
1330 West Peachtree Street
Atlanta, GA 30309
404/872-7100
800/283-7800 or call your local chapter (listed in the telephone directory)
World Wide Web address: http://www.arthritis.org

The Hip Society
c/o Richard B. Welch, M.D.
One Shrader Street, Suite 650
San Francisco, CA 94117
415/221-0665
Fax: 415/221-4023 
The Society maintains a list of physicians who are specialists in problems of the hip and provides physician referrals by geographic area.
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Avascular Necrosis

What is avascular necrosis?
Avascular necrosis (also called osteonecrosis, aseptic necrosis, or ischemic bone necrosis) is a disease that results from the temporary or permanent loss of blood supply to the bone. When blood supply is cut off, the bone tissue dies and the bone collapses. If avascular necrosis occurs near a joint, collapse of the joint surface may occur.

Avascular necrosis may occur in any bone, but most commonly occurs in the ends of a long bone. It may affect one bone, several bones at one time, or different bones at different times.

Although avascular necrosis may affect both genders and all age groups, it is diagnosed most often in persons in their 30s and 40s.

What causes avascular necrosis?
Avascular necrosis may be the result of the following: 

· traumatic causes (including injury, fracture, or damage to blood vessels) 

· non-traumatic causes (including long-term use of medications, such as corticosteroids, or excessive, long-term use of alcohol) 

Other theories and associations have been suggested as risk factors.

What are the risk factors for avascular necrosis?
Suggested risk factors for avascular necrosis include the following: 

· injury 

· steroid use 

· Gaucher disease 

· alcohol use 

· blood disorders, such as sickle cell anemia 

· radiation treatments 

· chemotherapy 

· pancreatitis 

· decompression disease 

What are the symptoms of avascular necrosis?
The following are the most common symptoms for avascular necrosis. However, each individual may experience symptoms differently. Symptoms may include: 

· minimal early joint pain 

· increased joint pain as bone and joint begin to collapse 

· limited range of motion due to pain 

The symptoms of avascular necrosis may resemble other medical conditions or bone problems. Always consult your physician for a diagnosis.

How is avascular necrosis diagnosed?
In addition to a complete medical history and physical examination, diagnostic procedures for avascular necrosis may include the following: 

· imaging procedures, such as: 

· x-ray - a diagnostic test which uses invisible electromagnetic energy beams to produce images of internal tissues, bones, and organs onto film; to determine bone changes. 

· computed tomography scan (Also called a CT or CAT scan.) - a diagnostic imaging procedure that uses a combination of x-rays and computer technology to produce cross-sectional images (often called slices), both horizontally and vertically, of the body. A CT scan shows detailed images of any part of the body, including the bones, muscles, fat, and organs. CT scans are more detailed than general x-rays. 

· magnetic resonance imaging (MRI) - a diagnostic procedure that uses a combination of large magnets, radiofrequencies, and a computer to produce detailed images of organs and structures within the body. 

· radionuclide bone scan - a nuclear imaging technique that uses a very small amount of radioactive material, which is injected into the patient's bloodstream to be detected by a scanner. This test shows blood flow to the bone and cell activity within the bone. 

· biopsy - a procedure in which tissue samples are removed (with a needle or during surgery) from the body for examination under a microscope; to determine if cancer or other abnormal cells are present; to remove tissue from the affected bone. 

· functional evaluation of bone - tests, that usually involve surgery, to measure the pressure inside the bone. 

Treatment for Avascular Necrosis
Specific treatment for avascular necrosis will be determined by your physician based on: 

· your age, overall health, and medical history 

· extent of the disease 

· location and amount of bone affected 

· underlying cause of the disease 

· your tolerance for specific medications, procedures, or therapies 

· expectations for the course of the disease 

· your opinion or preference 

The goal of treatment for avascular necrosis is to improve functionality or to stop further damage to the affected bone or joint. Treatments are necessary to keep joints from breaking down, and may include: 

· medications (to control pain) 

· assistive devices (to reduce weight on the bone or joint) 

· core decompression - a surgical procedure in which the inner layer of bone is removed to reduce pressure, allow for increased blood flow, and slow or stop bone and/or joint destruction.  

· osteotomy - a surgical procedure to reshape the bone and reduce stress on the affected area. 

· bone graft - a surgical procedure in which healthy bone is transplanted from another part of the patient's body into the affected area. 

· arthroplasty (total joint replacement) - a surgical procedure to remove and replace an arthritic or damaged joint with an artificial joint (called a prosthesis); may be considered only after other treatment options have failed to provide adequate relief from pain and/or disability. 

Other treatments for avascular necrosis may include electrical stimulation and combination therapies to encourage the growth of new bone.

Investigators at the Johns Hopkins Hospital have conducted extensive research in the diagnosis of avascular necrosis using MRI. MRI is the most sensitive noninvasive examination for detecting avascular necrosis. Ongoing research efforts and opportunities for patient participation are discussed below. 



· Avascular necrosis patient research 

· Introduction and Definition of AVN 

· Pathogenesis and treatment 

· MRI Diagnosis of AVN 

· Differential Diagnosis 

· AVN MRI Screening protocol
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AVN Research Protocol

Individuals at risk for AVN of the hip are eligible candidates for MR imaging and spectroscopy evaluation of bone marrow perfusion and composition. Eligible patients include: 

age 18 - 65
new treatment with corticosteroids, OR
starting bolus treatment with corticosteroids (prednisone)
not pregnant
no history of MRI incompatible internal devices (ie pacemakers, aneurysm clips, etc)


Enrolled individuals will receive free MRI evaluation of the hips. Candidates should be evaluated BEFORE starting corticosteroids, or starting new corticosteroid dose. Examinations last approximately 1 hour. Patients who wish to be enrolled should contact: 

Dr. David A. Bluemke
dbluemke@rad.jhu.edu
Note: we are unable to accept direct phone calls because of the large number of patients.
However, we are happy to answer all patients inquires by email. Thank you for your consideration.


Introduction and Definition
Avascular necrosis (AVN) of bone is a process that is characterized pathologically by bone marrow ischemia and eventual death of trabecular bone. Ischemic necrosis, osteonecrosis, and aseptic necrosis are synonyms for the same disease process. Radiologic manifestations of AVN occur in the late stages of the disease, as the bone attempts to repair itself. As bone repair occurs, weight bearing bone becomes mechanically weakened and flattened, and may eventually collapse. Secondarily, this leads to debilitating pain and osteoarthritis. 

Early diagnosis of AVN using MRI is important, since the disease occurs in relatively young individuals (average age 20-50 for idiopathic forms) and since treatment options for more advanced disease are frequently unsuccessful. In this article, the pathophysiology of AVN will be considered, and the use of MRI in diagnosing early AVN and differentiating it from other marrow disorders of the hip will be reviewed.

Pathogenesis and treatment
Several conditions are clearly related to AVN of the hip; one of these is interruption of the arterial supply of the femoral head, either through trauma or vascular disease (including hypertension, sickle cell disease, caisson disease or radiation-induced arteritis). Other conditions are variably associated with AVN in a more complex manner, including corticosteroid therapy, connective tissue disease, alcohol abuse, marrow storage disease (Gaucher's disease) and dyslipoproteinemia. A proposed mechanism linking these conditions as predisposing factors for AVN is that bone functions as a closed compartment. (1) . Under certain pathologic conditions, intraosseous bone marrow pressure increases. Elevation of intraosseous pressure is transmitted to small venules and capillaries within the bone, causing a decrease in blood flow to the bone. Rapid, or uncompensated, increases in intraosseous pressure are thought to result in irreversible circulatory disturbances and subsequent tissue damage. Tissue damage causes edema, which further elevates pressures in the closed compartment.

Early decompression of bone prior to irreversible damage may break the cycle of ischemia and increased marrow pressures. Bone decompression, or coring, is controversial; the success rate variably ranges from 40 to 90% (2) . The success of decompression appears to be directly related to stage of disease: hips with no radiologic evidence or only 25% involvement of the femoral head had no collapse of the femoral head, while 73% of cases with more advanced disease had femoral head collapse . Thus, early diagnosis of AVN with MRI is critical for patient management and successful therapeutic outcome. Other treatment options include muscle pedicle graft, rotational osteotomy, and joint fusion.

MRI diagnosis of AVN
MRI is the most sensitive noninvasive method for diagnosis of AVN. Diagnosis involves detection of marrow foci of decreased signal on T1-weighted images and the characteristic double line sign (discussed further below) on T2-weighted images (3) .

Imaging Protocol. For the hip, the most important imaging planes are coronal followed by sagittal acquisitions when necessary. Because both hips are frequently involved, it is necessary to use the body coil to image both hips, not just the symptomatic hip. Following body coil images, if a question as to the diagnosis or extent of disease remains, additional images with a surface coil over the affected hip should be obtained. 

A protocol for routine imaging of the hips for AVN is shown in Table 1. Thin coronal images should be obtained directly over the femoral heads based on an axial localizer. Although the coronal T1 images alone are diagnostic of AVN in 95% of cases, it is recommended that axial images of the pelvis from the top of the sacrum to the femoral neck be obtained using a fat-suppressed T2-weighted sequence or inversion recovery sequence with TI time set to null fat. Axial images allow detection of other abnormalities that frequently mimic the clinical presentation of AVN. For example, patients receiving corticosteroid therapy are frequently osteopenic and have rapid weight gain, placing them at risk for insufficiency or stress fractures of the sacrum or pelvic bones. Muscle strains and septic arthritis of the sacroiliac joints are also readily detected on the axial fat-suppressed images.

At our institution, we have implemented a less expensive "screening MRI" examination for AVN that consists only of a 4 minute coronal T1-weighted acquisition, with 6 mm thick sections and a gap of 2 mm. This is done without a localizer series, and with properly instructed technologists, the femoral heads can be appropriately imaged in all cases. The charge for this examination is comparable to that of a radiographic plain film series of the hip. Although the method is highly accurate in detecting AVN, it is much less sensitive for detecting other hip or pelvic abnormalities that clinically mimic the disease. Therefore, we restrict the use of this "AVN protocol" to rheumatologists and orthopedic surgeons who specialize in managing high risk patient populations for AVN.

MR findings. AVN is diagnosed when a peripheral band of low signal intensity is present on all imaging sequences, typically in the superior portion of the femoral head, outlining a central area of marrow. This peripheral band is most apparent on T1-weighted sequences (Figure 1). The central area of marrow contained within the dark line may have widely varying signal intensity on various imaging sequences (see below). Rarely, bone with histologically proved AVN can appear normal by MRI.

On conventional T2 sequences, the inner border of the peripheral band shows high signal in 80% of cases (Figure 2). This is called the "double - line" sign of avascular necrosis, and is considered to be pathognomonic. Various reports state that the inner "bright" signal is due to the reactive interface, or granulation tissue, between infarcted and normal marrow. Other authors have shown that by changing the phase and frequency direction, the position of the inner "bright" signal changes in some cases, so that the etiology is that of a chemical shift artifact. Regardless of the etiology in specific cases, recognition of the double line sign is useful, since it is frequently characteristic of AVN.

On fast (or turbo) T2-weighted sequences, the double line sign usually is not well seen. This is because fat has increased signal intensity on fast spin echo sequences, thus obscuring the bright inner line. Because of this bright fat signal, edema can be obscured, so that a frequency selective pulse is frequently added to suppress signal from fat. If fat suppression is used, it is the dark, peripheral band of AVN that is not seen in contrast to the inner high signal band of AVN. Nevertheless, FSE T2 images with fat saturation are useful in demonstrating the extent of marrow edema associated with the infarct.

T2 sequences and inversion recovery sequences frequently demonstrate associated hip effusions. Increased joint fluid is commonly associated with AVN, and its presence does not indicate a septic joint effusion. The frequent presence of joint effusions has led to the hypothesis that patients are presenting with pain due to their effusion, rather than the long-standing process of AVN. Pain in association with joint effusions may be due to distention of the joint capsule by fluid.

Atypical findings of AVN. Diffuse areas of low signal in the femoral head on T1 images with high signal on T2 ("bone marrow edema pattern") may occasionally be present without a peripheral dark band of AVN on T1 sequences (4) . These areas of edema may be extensive, reaching into the femoral neck or trochanteric regions (Figure 3). On bone biopsy, AVN may be diagnosed, but the MR appearance is not specific for this condition. A primary differential diagnostic consideration is transient osteoporosis of the hip (TOH). There are no certain features to differentiate TOH from AVN by MRI, except that atypical AVN eventually progresses to MR imaging features of typical AVN, while TOH is a self-limited condition that resolves over 4 to 10 months. The MR bone marrow edema pattern is discussed further below.

Staging. There are 2 staging classifications of AVN, one based on radiographs (Table 2) (Ficat and Arlet (5) ) and the other based on MR signal intensities (Table 3) (Mitchell et al. (3) ) The accuracy of radiographic staging may be improved using CT to detect a subchondral lucency indicating advanced, or Stage III disease. Note, however, that CT does not depict the earliest marrow abnormalities resulting in osteonecrosis.

MR staging of AVN is based on the signal intensity of the center of the marrow inside the dark line of necrosis (Table 3). Radiographically occult AVN will generally be depicted on MRI as any of classes A to C. The MR classification implies that the infarcted bone progresses in an orderly manner through the various classes. This, however, is not necessarily the case, since often several "classes" of signal intensity are present within the infarcted marrow. Further, unlike radiographic staging, MR classes have little predictive value regarding the prognosis for collapse of the femoral head. However, the MRI size and position of the AVN lesion is related to prognosis, as discussed below.

Relationship of MR findings to prognosis. The extent of AVN has been related to favorable outcome (pain relief) versus poor outcome (permanent disability) (6) . AVN that was entirely circumscribed, and that did not extend cranially to the cortical subchondral margin, had a good outcome, independent of the overall size of the AVN lesion. The percentage of the weight bearing surface (Figure 1) occupied by the AVN lesion was the most reliable predictor for predicting outcome. The overall percentage of the femoral head occupied by the AVN lesion was least reliable in predicting outcome.

Role of contrast enhancement. No role for routine gadolinium administration has been 
demonstrated for detection or diagnosis of nontraumatic AVN. Dynamic imaging evaluating the time course of perfusion of the femoral head is currently being investigated to determine if patients with AVN show different rates of perfusion than those without AVN (7) .

There is a high risk of AVN following fracture of the femoral neck. Bone marrow enhancement after Gd-DTPA administration has been shown to correlate with preservation of blood flow to the hip on angiography. Long-term follow-up, however, has not been performed to determine the prognostic significance of these findings.

Bone marrow edema pattern. Occasionally, AVN may manifest as a diffuse area of decreased signal on T1-weighted images and increased signal on T2-weighted images involving the femoral head, neck, and occasionally the intertrochanteric femur. This has been termed the "bone marrow edema" pattern on MR imaging, since the signal intensities are compatible with increased free-water content. Although pathologic proof is frequently lacking in reports of AVN presenting with this pattern, follow-up MR examinations or radiographs demonstrate that the bone marrow edema pattern can evolve into focal patterns entirely characteristic of AVN.

The MR pattern of bone marrow edema is not specific for AVN, however, and the differential diagnosis includes transient osteoporosis, bone bruise, infiltrative disease, and transient bone marrow edema syndrome. Although the clinical history can be helpful in distinguishing between these entities (e.g., a history of trauma as the etiology of a bone bruise), in other cases a definite diagnosis can only be made based on the time course of the imaging and clinical findings.

Differential Diagnosis
Transient osteoporosis of the hip. Transient osteoporosis of the hip is a self-limiting cause of hip pain described in middle-aged men or in women in their third trimester of pregnancy. Patients present with hip pain and limp in the absence of trauma or infection. The etiology of this condition is unknown, but a neurogenic origin has been proposed, similar to reflex sympathetic dystrophy. Transient osteoporosis resolves spontaneously over a period of 4-10 months. Osteopenia of the subchondral cortex is evident on radiographs and is a useful feature for making a specific diagnosis of transient osteoporosis. Bone scans demonstrate diffuse increased radiotracer uptake in the femoral head and frequently the neck. The MR findings of diffuse bone marrow edema (Figure 11), which may also involve the acetabulum, and associated hip joint effusion, may precede radiographic evidence of osteopenia by several weeks. There is no evidence of a double-line sign on MR images, as is frequently present in AVN. The MR findings are not characteristic, and the primary diagnostic consideration is AVN.

Transient bone marrow edema syndrome. This entity is similar to transient osteoporosis in that the condition is a self-limited cause of hip pain that resolves over several months. Since the MR findings and clinical presentation are similar to transient osteoporosis (Figure 12), Hayes et al. have proposed that transient bone marrow edema syndrome be reserved for those cases in which there is no radiographic evidence of osteopenia (8) . Again, the etiology of transient bone marrow edema syndrome is unknown.

Septic arthritis. Septic arthritis may occur from hematogenous spread of an infectious agent or by contiguous spread. On MR images, a joint effusion is present that is bright on T2 images and is nonspecific in appearance. If septic arthritis is suspected, immediate joint aspiration must be performed in order to obtain cultures to determine the infectious agent. Underlying bone changes are not typically present, although if the condition is prolonged, evidence of marrow edema may be present (increased signal on T2 images).

Stress fracture. Patients with stress fractures of the femoral neck may have a similar clinical presentation to patients suspected of AVN. They occur in young patients, resulting from overuse and repeated stress with underlying normal bone, such as in runners and military recruits. Insufficiency fractures occur in osteoporotic women in whom activity levels are seemingly normal (Figure 5). MR findings include a diffuse area of increased signal on T2 images in the area of the fracture, typically in the femoral neck. This corresponds to edema, and is of intermediate signal of T1 images. In addition, the band of edema frequently has a linear component, which may be more obvious on T1 images.



Table 1: AVN screening protocol. (body coil, both hips)
· Axial STIR or T2 with fat saturation 
· Coronal T1, 256x256, 2 NEX, TR 400-500, TE minimum, centered on the femoral heads. (Add surface coil imaging to either hip, if necessary, sagittal T1 sequence).
· Coronal T2 (FSE or conventional), 256x192-256, 1-2 NEX, TR 3000-400, TE 80-100, (fat suppression if FSE)



Table 2: Ficat and Arlet Staging of AVN: (Radiographic staging)
Stage Findings 
0 Diagnosis by MR or bone scan. No radiographic findings.
1 Slight osteoporosis on plain films. No sclerosis.
2 Diffuses osteoporosis and sclerosis on plain films. A reactive shell of bone delimits the infarct. Spherical femoral head.
3 Crescent sign (radiolucency) under the subchondral bone representing a fracture. Joint space preserved.
4 Femoral head collapse. Joint space narrowing.



Table 3: MRI staging of AVN (3) 

Class
 T1
                T2              Definition

A       bright            intermediate    "fat" signal.

B       bright            bright          "blood" signal.

C       intermediate      bright          "fluid" or "edema" signal.

D       dark              dark            "fibrosis" signal.



Treating Avascular Necrosis 
By Joseph F. Fetto, MD 

Most cases of AVN require either joint replacement or arthrodesis. 
Avascular necrosis (AVN) is not an uncommon affliction. It occurs as a direct consequence of an obstruction of arterial blood flow in tissues with inadequate or no collateral circulation (ie, endarterioles). This obstruction of blood flow can arise from an intravascular, vascular, or extravascular event (ie, thrombus, vasculitis, trauma). 

In the proximal femur, the femoral head is nourished by such an endarteriole arrangement of intraosseous vessels (the pattern of these vessels resembles the branches of a tree). As such, if an obstructive event does occur, the resultant “downstream” area of tissue damage will have a wedge shape. 

This acute ischemic event may be associated with a brief but exquisitely painful episode. In and of itself, it is of no other immediate consequence to the patient. Paradoxically, the most serious functional incapacitations result not from the direct insult to the bone tissue, but are due to the body’s attempt to repair the damage done by the ischemic event. The death of the bone initiates a sequence of events that will isolate, repair, and replace the damaged tissue. During this process, the newly formed bone must pass through a nonossified stage of healing. This nonossified bone does not possess the structural integrity to withstand the normal compressive loads that occur across a hip joint. As a result, the spherocity of the femoral head is compromised. The congruity of the articular surfaces is lost, and the articular cartilage delaminates from the underlying subchondral bone due to its collapse. 

The extent of femoral head involvement will be reflected in a proportionate degree of compromise of hip range of motion (ROM) and function. AVN is associated with a significant degree of inflammatory synovitis. This synovitis is the direct result of the body’s response to a necrotic event and the body’s attempt to repair the damage it caused. This synovitis is most significant because of the amount of pain associated with it and the resultant restrictions of hip ROM and function it causes. 

Successful treatment of AVN (and its analogous condition in children, termed Legg-Calve-Perthes disease) requires early diagnosis, prevention of articular deformity, and control of pain secondary to the associated inflammatory reaction present. However, since the patients usually do not present until after collapse of femoral bone has occurred and articular destruction has taken place, most cases of AVN in adults come to either joint replacement or arthrodesis as the favored means for achieving pain reduction and restoration of hip function. 

A Case History 
The following case report concerns a 33-year-old white male who presented with an acute complaint of right groin pain. This pain had an insidious onset with no identifiable antecedent trauma. He stated that the pain presented originally 1 year earlier as lower back discomfort with simultaneous nonradiating pain appearing in the groin and testicle. The pain increased over the ensuing months so as to interfere with his ability to function as a house painter. Eventually, the increasing pain incapacitated him in the performance of ADL (activities of daily living). He became dependent upon a cane for ambulation, even within the home, and found little benefit from nonsteroidal anti-inflammatory drugs. His only relief came from narcotic analgesics. He reported no changes in bowel or bladder function. Work-up originally performed at his local hospital had identified his “only pathology” as a Grade II L5-S spondylolisthesis with an associated “partial” sacroiliac radiculopathy, documented by an electromyogram. Due to his lack of response to conservative treatment, the patient underwent an L5-SI instrumented fusion for stabilization of this condition, but achieved no relief from his preoperative complaints. 

The patient’s past medical history was significant for a long-standing diagnosis of ulcerative colitis, for which he had been treated with sulfasalazine, folic acid, and episodic courses of oral corticosteroids. 

At the time of his presentation, the patient was a slender male who ambulated with an antalgic limp, dependent on a wheelchair and crutches for mobility. He had no leg length discrepancy. Examination showed a well-healed lumbar surgical wound. There was minimal low back discomfort and no obvious neurovascular deficits in his lower extremities. His right lower extremity examination was extremely limited due to exquisite groin pain caused by passive or active attempts at hip ROM. Results of laboratory tests, including the erythrocyte sedimentation rate, were unremarkable. Radiographs demonstrated the aforementioned instrumented L5-S1 fusion; deformation with irregular radiodensity in the right femoral head; the contralateral left femoral head was rotated medially and posteriorly upon the femoral neck. The presumptive diagnoses at that time were: AVN of the right hip; mild osteoarthritis of the left hip secondary to old slipped femoral epiphysis (SCFE) of the left hip, and status-post SA L5-S1 fusion for a spondylolisthesis. 

Fusion versus total hip replacement (THR) were considered as procedural options, once it was determined that the hip was the cause of the patient’s symptoms. Then, etiology was established, ie, infection vs AVN. Additional considerations were how to maximize the use of available bone stock, and minimize the amount of bone to remove. 

Preoperative planning included an MRI of bilateral hips, followed by an evaluation of the lumbosacral spine and lower extremities. After a discussion with the patient of treatment options available, their attendant risks and benefits, and potential limitations and complications, autologous blood banking was performed. 

The Procedure 
A preoperative work-up demonstrated AVN of the right femoral head. The left proximal femur deformity was consistent with an old SCFE and secondary mild degenerative changes, but showed no evidence of AVN within the left femoral head. There were no significant neurological deficits identified. 

Because of his desire to retain hip mobility, the patient declined an arthrodesis of the hip. He underwent a right THR using a LFIC (lateral flare internal collar) prosthesis created off standard anteroposterior and lateral radiographs. He had an uneventful peri-operative recovery, being out of bed and full weight-bearing on the first postoperative day. He was discharged to go home on the fourth postoperative day. He underwent an individualized program of physical therapy and returned to his profession as a painter by 4 months postsurgery. At 12 months postsurgery, the patient reported that he had subjectively achieved a fully functional return to normal activities with no lower extremity discomfort. 

Joseph F. Fetto, MD, is clinical associate professor of orthopedic surgery at New York University Medical Center, New York; associate professor of orthopedic surgery at the Hospital for Joint Diseases, New York; and director of orthopedic surgery at Manhattan Veterans Affairs Medical Center, New York. 
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. 

Although it can happen in any bone, avascular necrosis most commonly affects the ends (epiphysis) of long bones such as the femur, the bone extending from the knee joint to the hip joint. The disease may affect just one bone, more than one bone at the same time, or more than one bone at different times. Avascular necrosis usually affects people between 30 and 50 years of age; about 10,000 to 20,000 people develop avascular necrosis each year. 

The amount of disability that results from avascular necrosis depends on what part of the bone is affected, how large an area is involved, and how effectively the bone rebuilds itself. The process of bone rebuilding takes place after an injury as well as during normal growth. Normally, bone continuously breaks down and rebuilds—old bone is torn away and reabsorbed, and replaced with new bone. The process keeps the skeleton strong and helps it to maintain a balance of minerals. In the course of avascular necrosis, however, the healing process is usually ineffective and the bone tissues break down faster than the body can repair them. If left untreated, the disease progresses, the bone collapses, and the joint surface breaks down, leading to pain and arthritis. 

What Causes Avascular Necrosis?

Avascular necrosis has several causes. Loss of blood supply to the bone can be caused by an injury (trauma-related avascular necrosis) or by certain risk factors (non-traumatic avascular necrosis), such as some medications (steroids) or excessive alcohol use. Increased pressure within the bone also is associated with avascular necrosis. The pressure within the bone causes the blood vessels to narrow, making it hard for the vessels to deliver enough blood to the bone cells. 
Injury 

When a joint is injured, as in a fracture or dislocation, the blood vessels may be damaged. This can interfere with the blood circulation to the bone and lead to trauma-related avascular necrosis. Studies suggest that this type of avascular necrosis may develop in more than 20 percent of people who dislocate their hip joint. 

Steroid Medications 

Corticosteroids such as prednisone are commonly used to treat diseases in which there is inflammation, such as systemic lupus erythematosus, rheumatoid arthritis, and vasculitis. Studies suggest that long-term, systemic (oral or intravenous) corticosteroid use is associated with 35 percent of all cases of non-traumatic avascular necrosis. However, there is no known risk of avascular necrosis associated with the limited use of steroids. Patients should discuss concerns about steroid use with their doctor. 

Doctors aren't sure exactly why the use of corticosteroids sometimes lead to avascular necrosis. They may interfere with the body's ability to break down fatty substances. These substances then build up in and clog the blood vessels, causing them to narrow. This reduces the amount of blood that gets to the bone. Some studies suggest that corticosteroid-related avascular necrosis is more severe and more likely to affect both hips (when occurring in the hip) than avascular necrosis resulting from other causes. 

Alcohol Use 

Excessive alcohol use and corticosteroid use are two of the most common causes of non- traumatic avascular necrosis. In people who drink an excessive amount of alcohol, fatty substances may block blood vessels causing a decreased blood supply to the bones that results in avascular necrosis. 

Other Risk Factors 

Other risk factors or conditions associated with non-traumatic avascular necrosis include Gaucher's disease, pancreatitis, radiation treatments and chemotherapy, decompression disease, and blood disorders such as sickle cell disease. 

Who Is Likely To Develop Avascular Necrosis?

Avascular necrosis strikes both men and women and affects people of all ages. It is most common among people in their thirties and forties. Depending on a person's risk factors and whether the underlying cause is trauma, it also can affect younger or older people. 
What Are the Symptoms?

In the early stages of avascular necrosis, patients may not have any symptoms. As the disease progresses, however, most patients experience joint pain—at first, only when putting weight on the affected joint, and then even when resting. Pain usually develops gradually and may be mild or severe. If avascular necrosis progresses and the bone and surrounding joint surface collapses, pain may develop or increase dramatically. Pain may be severe enough to limit the patient's range of motion in the affected joint. The period of time between the first symptoms and loss of joint function is different for each patient, ranging from several months to more than a year. 
How Is Avascular Necrosis Diagnosed?

After performing a complete physical examination and asking about the patient's medical history (for example, what health problems the patient has had and for how long), the doctor may use one or more imaging techniques to diagnose avascular necrosis. As with many other diseases, early diagnosis increases the chances of treatment success. 
It is likely that the doctor first will recommend a radiograph, commonly called an x ray. X rays can help identify many causes of joint pain, such as a fracture or arthritis. If the x ray is normal, the patient may need to have more tests. Research studies have shown that magnetic resonance imaging, or MRI, is the most sensitive method for diagnosing avascular necrosis in the early stages. The tests described below may be used to determine the amount of bone affected and how far the disease has progressed. 

X Ray 

An x ray is a common tool that the doctor may use to help diagnose the cause of joint pain. It is a simple way to produce pictures of bones. The x ray of a person with early avascular necrosis is likely to be normal because x rays are not sensitive enough to detect the bone changes in the early stages of the disease. X rays can show bone damage in the later stages, and once the diagnosis is made, they are often used to monitor the course of the condition. 

Magnetic Resonance Imaging (MRI) 

MRI is quickly becoming a common method for diagnosing avascular necrosis. Unlike x rays, bone scans, and CT (computed/computerized tomography) scans, MRI detects chemical changes in the bone marrow and can show avascular necrosis in i ts earliest stages. MRI provides the doctor with a picture of the area affected and the bone rebuilding process. In addition, MRI may show diseased areas that are not yet causing any symptoms. 

Bone Scan 

Also known as bone scintigraphy, bone scans are used most commonly in patients who have normal x rays. A harmless radioactive dye is injected into the affected bone and a picture of the bone is taken with a special camera. The picture shows how the dye travels through the bone and where normal bone formation is occurring. A single bone scan finds all areas in the body that are affected, thus reducing the need to expose the patient to more radiation. Bone scans do not detect avascular necrosis at the earliest stages. 

Computed/Computerized Tomography 

A CT scan is an imaging technique that provides the doctor with a three-dimensional picture of the bone. It also shows "slices" of the bone, making the picture much clearer than x rays and bone scans. Some doctors disagree about the usefulness of this test to diagnose avascular necrosis. Although a diagnosis usually can be made without a CT scan, the technique may be useful in determining the extent of bone damage. 

Biopsy 

A biopsy is a surgical procedure in which tissue from the affected bone is removed and studied. Although a biopsy is a conclusive way to diagnose avascular necrosis, it is rarely used because it requires surgery. 

Functional Evaluation of Bone 

Tests to measure the pressure inside a bone may be used when the doctor strongly suspects that a patient has avascular necrosis, despite normal results of x rays, bone scans, and MRIs. These tests are very sensitive for detecting increased pressure within the bone, but they require surgery. 

What Treatments Are Available?

Appropriate treatment for avascular necrosis is necessary to keep joints from breaking down. If untreated, most patients will suffer severe pain and limitation in movement within 2 years. 
Several treatments are available that can help prevent further bone and joint damage and reduce pain. To determine the most appropriate treatment, the doctor considers the following aspects of a patient's disease: 

· The age of the patient. 

· The stage of the disease—early or late. 

· The location and amount of bone affected—a small or large area. 

· The underlying cause of avascular necrosis—with an ongoing cause such as corticosteroid or alcohol use, treatment may not work unless use of the substance is stopped. 

The goal in treating avascular necrosis is to improve the patient's use of the affected joint, stop further damage to the bone, and ensure bone and joint survival. To reach these goals, the doctor may use one or more of the following treatments: 
· Reduced Weight Bearing—If avascular necrosis is diagnosed early, the doctor may begin treatment by having the patient remove weight from the affected joint. The doctor may recommend limiting activities or using crutches. In some cases, reduced weight bearing can slow the damage caused by avascular necrosis and permit natural healing. When combined with medication to reduce pain, reduced weight bearing can be an effective way to avoid or delay surgery for some patients. Most patients eventually will need surgery, however, to repair the joint permanently. 

· Core Decompression—This surgical procedure removes the inner layer of bone, which reduces pressure within the bone, increases blood flow to the bone, and allows more blood vessels to form. Core decompression works best in people who are in the earliest stages of avascular necrosis, often before the collapse of the joint. This procedure sometimes can reduce pain and slow the progression of bone and joint destruction in these patients. 

· Osteotomy—This surgical procedure reshapes the bone to reduce stress on the affected area. There is a lengthy recovery period, and the patient's activities are very limited for 3 to 12 months after an osteotomy. This procedure is most effective for patients with advanced avascular necrosis and those with a large area of affected bone. 

· Bone Graft—A bone graft may be used to support a joint after core decompression. Bone grafting is surgery that transplants healthy bone from one part of the patient, such as the leg, to the diseased area. There is a lengthy recovery period after a bone graft, usually from 6 to 12 months. This procedure is complex and its effectiveness is not yet proven. Clinical studies are under way to determine its effectiveness. 

· Arthroplasty/Total Joint Replacement—Total joint replacement is the treatment of choice in late-stage avascular necrosis and when the joint is destroyed. In this surgery, the diseased joint is replaced with artificial parts. It may be recommended for people who are not good candidates for other treatments, such as patients who do not do well with repeated attempts to preserve the joint. Various types of replacements are available, and people should discuss specific needs with their doctor. 

In addition to the above treatments, doctors are exploring the use of medications, electrical stimulation, and combination therapies to increase the growth of new bone and blood vessels. These treatments have been used experimentally alone and in combination with other treatments, such as osteotomy and core decompression. 
For most people with avascular necrosis, treatment is an ongoing process. Doctors may first recommend the least complex and invasive procedure, such as protecting the joint by limiting movement, and watch the effect on the patient's condition. Other treatments then may be used to prevent further bone destruction and reduce pain. It is important that patients carefully follow instructions about activity limitations and work closely with their doctors to ensure that appropriate treatments are used. 

FINDINGS: The whole body bone scan (Tc99m-MDP) demonstrates abnormal tracer uptake in the left femoral head and neck. T2 weighted MR scan demonstrates abnormal signal with a "double line" sign, diagnostic of avascular necrosis of the femoral head. 

DISCUSSION: Avascular or aseptic necrosis of the femoral head can develop in a variety of clinical settings. A useful mnemonic is: "ASEPTIC":

· A - anemias (e.g. - sickle cell anemia) 

· S - steroid usage, storage disease (e.g. - Gaucher's) 

· E - ethanol abuse 

· P - pancreatitis 

· T - trauma (e.g. - subcapital hip fractures) 

· I - infection, iatrogenic 

· C - Caisson's 

The earliest findings of avascular necrosis can be best seen on MR. Signal changes in the marrow (decreased on T1, and a "double line" sign) can be seen. Scintigraphy may demonstrate photopenia early on, and increased uptake with later stages of the disease. Radiographs are the last to become abnormal, with increased density, possible effusion, subchondral lucency/fracture, and finally, fragmentation and collapse of the femoral head.


Clinical Features: Avascular Necrosis

Manifestations: 

· Avascular necrosis: Pain associated with progressive destruction of the bony structures of the hip and/or shoulder. 

Treatment: 

· Non weight bearing of the affected joint 

· Physical therapy 

· Anti-inflammatory agents and analgesics to relieve pain 

· Surgical intervention: Core decompression in early stages, total hip replacement for advanced disease.

