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ABSTRACT 

  

Background: Avascular necrosis (AVN), also known as osteonecrosis of femoral head is a pathology in 

which many etiologies play role and cause decreased vascular supply to subchondral bone of femoral 

head which results in osteocyte death. MRI is the most sensitive modality for detection of AVN. 

Purpose: Our aim was to study the MRI features of avascular necrosis of femoral head and to study the 

association of bone marrow edema and joint effusion with it. 

Materials and Methods: We studied MR images of 30 patients with avascular necrosis of femoral head. 

All MR imaging examinations were performed on 1.5-T magnet MR system (Siemens magneto Essenza). 

Imaging was performed using the body coil with the patient in a supine position and both hips examined 

simultaneously. Both hips were studied with multiplanarT1-weighted, T2-weighted and   PD FS 

sequences.  

Results: Total 60 femoral heads (bilateral femoral heads of 30 patients) were studied out of which 51 

were showing features of AVN, while 9 were normal. Out of 51 femoral heads showing AVN, 21 showed 

subchondral collapse. Bone marrow edema was seen in 34 femoral heads out of 51 femoral heads with 

AVN. Joint effusion was observed in 37 femoral heads out of 51 femoral heads with AVN. 

Conclusion: MRI plays an important role in early diagnosis of AVN of femoral head. There is 

association of bone marrow edema and hip joint effusion with AVN of femoral head. 

 

Keywords: AVN, Femoral head, Marrow edema, Joint effusion, 

Abbreviations: AVN- avascular necrosis, MRI - magnetic resonance imaging, PD FS - proton density fat 

saturated. 

 

INTRODUCTION 

Avascular necrosis, also known as 

osteonecrosis of femoral head is a pathology 

in which many  etiologies like trauma, 

corticosteroid use, alcoholism, pancreatitis,  

radiation, sickle cell disease, infiltrative 

diseases (e.g. Gaucher’s disease), and 

Caisson disease play role and cause 

decreased vascular supply to subchondral 

bone of femoral head which results  in 

osteocyte death. 

http://www.ijhsr.org/
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Osteonecrosis of femoral head can 

cause severe musculoskeletal disability and 

thus it creates a major diagnostic and 

therapeutic challenge. The femoral head is 

the most frequently involved in this 

condition. 
[ 1, 2] 

Avascular necrosis of femoral head 

is a condition that may cause rapid bilateral 

femoral head collapse in young patients. 
[ 3] 

Many noninvasive diagnostic 

modalities are used in detecting avascular 

necrosis like plain radiography, magnetic 

resonance imaging (MRI), computed 

tomography (CT), skeletal scintigraphy, and 

single photon emission computed 

tomography (SPECT). MRI is the most 

sensitive modality for detection of avascular 

necrosis. 
[ 4]

 Plain film radiography may be 

helpful in assessing flattening of the femoral 

head and associated degenerative changes, 

but it is not much helpful for diagnosing and 

detecting early changes of avascular 

necrosis. Plain film cannot detect changes of 

subtle bone marrow edema in AVN.   

Aims and objectives: 
1. To study MRI features of AVN of 

head of femur. 

2. To study association of bone marrow 

edema with AVN. 

3. To study association of hip joint 

effusion with AVN. 

 

MATERIALS AND METHODS 

We studied 30 patients presented in 

Department of Radio diagnosis at Dr. 

Vasantrao Pawar Medical College, Hospital 

and Research Center, Nashik. 

 All patients having diagnostic 

features AVN of the femoral head were 

studied by MR imaging. 

Inclusion criteria: 

Patients showing MRI changes of AVN of 

femoral head. 

Exclusion Criteria:  

 Post traumatic cases. 

 Primary osteoarthritic hip. 

Methodology: 

The patients who had undergone MR 

imaging of both hips in our institute and 

diagnosed cases of avascular necrosis of 

femoral head are included in our study. 

All MR imaging examinations were 

performed on a 1.5-T magnet MR system 

(Siemens magnetomEssenza). Imaging was 

performed using a body coil with the patient 

in a supine position and both hips examined 

simultaneously. Both hips were studied with 

multiplanar T1-weighted, T2-weighted and   

PD FS sequences. 

Interpretation of images 
[ 3] 

Characteristic MRI imaging features were 

used to establish the diagnosis of AVN of 

femoral head like: 

1) A band like pattern, a ring like/ 

serpiginous lesion with homogeneous or 

heterogeneous signal intensity of central 

area of decreased signal intensity with dark 

band on T1W and T2W images. 

2) Crescentic areas of low signal intensity in 

weight bearing areas of femoral head T1 and 

T2 W images. 

3) Bone marrow edema was defined as ill-

defined area of low intensity on T1WI and 

intermediate to high signal intensity on PD 

FS sequences. 

4) Joint fluid was seen on T2WI images. 

 

RESULTS 

We studied MRI images of 30 

patients with avascular necrosis of femoral 

head. 

Diagnosis of avascular necrosis of 

femoral head was based on typical MRI 

findings. 

Patient age ranged from 20- 70 

years. Out of these 30 patients, 5 (16.67%) 

patients were females and rest was males i.e. 

disease appeared 5 times more common in 

males. 

9 patients had unilateral disease; rest 

of them had bilateral (70%) disease. 
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Total 60 femoral heads were studied 

out of which 51 were showing features of 

osteonecrosis, while 9 were normal. 

 

 
Graph No. 1: Subchondral collapse in 21 Out of 51 femoral heads 
with AVN (41%). 

 

 
Graph No. 2: Bone marrow edema in 34 out of 51 femoral heads 

with AVN(67%). 

 

 
Graph No.3: Bone marrow edema in 16 out of 21 femoral heads 

with subchondral collapse (76%). 

 
Graph No. 4 : Joint effusion in 37 out of 51 femoral heads with 

AVN (73%). 

 

 
Graph No. 5 : Out of 34 femoral heads with bone marrow edema 

30 were having associated (88%).  

 

 
Graph No. 6: Out of 37 femoral heads with joint effusion 32 were 
having associated bone marrow edema (86%). 

 

DISCUSSION 

Avascular necrosis, also known as 

osteonecrosis of femoral head is a 

pathological state with multiple possible 
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etiologies that cause decreased vascular 

supply to subchondral bone of femoral head, 

resulting in osteocyte death. 
[ 2] 

AVN of 

femoral head is an on-going condition in 

which the balance among tissue death, the 

body’s response and bone strength leads to 

wide spectrum of clinical and imaging 

presentation. AVN of femoral head is a 

potentially disabling disorder, mainly 

affecting middle aged adults that can lead to 

early osteoarthritis epiphyseal collapse and 

joint incongruity. Males are more commonly 

affected and disease is more commonly 

bilateral. 
[ 5] 

In our study, disease appeared 5 

times more common in males and bilateral 

involvement was seen in 70% cases. MRI is 

the most sensitive imaging technique for 

early detection of avascular necrosis of 

femoral head. 
[ 4]

 

Hip was one of the first joint to be 

investigated with MRI. Ability of MRI to 

directly detect bone marrow renders this 

technique well suited for the diagnosis of 

femoral head marrow lesions such as 

avascular necrosis/ transient marrow edema. 
[ 5]

 

The use of MRI for evaluation of 

patients with suspected avascular necrosis 

will yield earlier detection of disease even 

when the patient is asymptomatic and thus 

make the surgical management more likely 

to be successful. Early surgical intervention 

can result in preservation of femoral head 

and not its replacement. 
[ 4, 6- 8] 

At present MRI has become the 

imaging modality of choice, as it is highly 

sensitive and specific for osteonecrosis. T1 

images on MRI typically demonstrate a 

serpiginous band like lesion with low 

intensity in anterosuperior femoral head and 

double line sign can be seen on T2 images. 
[ 2] 

Double line sign is seen on T2 W images 

as high intensity signal line within the 

parallel line of low signal intensity, often 

with serpiginous border. The high intensity 

inner zone represents the hyperaemic 

granulation tissue and low intensity outer 

zone represents the dense sclerotic bone. 
[ 9] 

 

    
 

Fig. 1. T1W (axial and coronal) images showing serpininous areas of osteonecrosis. 

 

Detection of subchondral fractures is 

very important in the early stages of 

avascular necrosis of femoral head. Because 

the necrotic area appears as iso-signal 

intensity on MR images in the early stages 

of the disease, an irregular subchondral band 

of abnormal signal intensity would be easily 

detected. MRI is much more sensitive than 

plain radiography in detecting subchondral 

fractures. Fracture within the subchondral 

bone is best seen in T2 images as  

subchondral band of high signal intensity 

known as MRI crescent sign. 
[ 10, 11]

 

According to a study done by Zibis et al, 
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2007, plain radiographs and MRI together 

can be used for detection of  location of the 

osteonecrotic lesion,  evaluation of  the size 

of the lesion, and detect the presence and 

degree of collapse of the articular surface. 
[ 12] 

Bone marrow edema is most frequently 

observed MRI finding in AVN of femoral 

head. 
[ 10] 

In our study bone marrow edema 

was seen in 66.7% of cases with AVN of 

femoral head. Bone marrow edema is 

probably a secondary reaction to 

subchondral fractures resulting from 

mechanical stress. 
[ 3, 10, 13] 

 

     
Fig 2: T2 W (axial and coronal) images showing the double line sign at the periphery of a region of osteonecrosis and consists of an inner 

bright T2 line representing granulation tissue and an outer dark line representing sclerotic bone.  

 

     
Fig3: Marrow edema seen hypointense on T1WI and hyperintense on PD FS images. 

 

In AVN of femoral head, the initial 

abnormal finding detected on MR images is 

a band of abnormal intensity at the junction 

between the necrotic and the normal area. 

The bone marrow edema pattern is not 

observed in early stages of the disease. In 

AVN of femoral head, the structural damage 

seems to bring about the marrow edema 

pattern and pain. Bone marrow edema is 

most often found in femoral heads with 

stage 3 disease. 
[ 10] 

In avascular necrosis, increased joint 

fluid may be present before radiographic 

abnormalities occur, but it is greatest after 

there is flattening of the femoral head. MRI 

is a highly sensitive method for detecting 

fluid in the hip joint. 
[ 14] 

In our study joint 

effusion was frequently associated with 



 

                       International Journal of Health Sciences & Research (www.ijhsr.org)  121 
Vol.5; Issue: 2; February 2015 

 

AVN of femoral head. (73% cases of AVN 

showed joint effusion).  

In a study done by Iida et al, they 

concluded bone marrow edema as a marker 

for potential progression to advanced 

osteonecrosis.  Their study was done on 

patients with steroid induced avascular 

necrosis and out of 13 hips with bone 

marrow edema 11 (85%) progressed to 

collapse of femoral head. 
[ 13]

 In our study, 

85% cases with subchondral collapse are 

associated with bone marrow edema. 

In a study done by Huang et al, they 

indicated that bone marrow edema 

occurrence was 16 times more likely when 

the affected osteonecrotic femoral head was 

associated with joint effusion. 
[ 3] 

In our 

study, 86% cases with joint effusion were 

associated bone marrow edema (i.e. bone 

marrow edema occurrence was 6 times more 

likely when the affected osteonecrotic 

femoral head was associated with joint 

effusion).  

 

CONCLUSION 

MRI plays an important role in early 

diagnosis of AVN of femoral head. Subtle 

subchondral collapse of femoral head can be 

diagnosed with more confidence. Bone 

marrow edema and hip joint effusion are 

frequently associated with AVN of femoral 

head. Bone marrow edema can be very well 

seen on MRI and early detection of AVN of 

femoral head can thus be possible, allowing 

early decompression and help to preserve 

the joint.  
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