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ABSTRACT

Magnetic resonance imaging (MRI) is a commonly used imaging modality to detect early avascular necrosis
(AVN). When MRI is inconclusive, bone scan is helpful in detecting AVN during early phase of the disease.
As newer nuclear medicine equipment, such as single photon emission computed tomography/computed
tomography (SPECT/CT) and positron emission tomography, are emerging in medical science, the role of these
imaging modalities in AVN of femoral head is re-evaluated.
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INTRODUCTION

Avascular necrosis (AVN) or osteonecrosis is caused by inadequate blood supply leading to bone
death, which results in the collapse of the architectural bony structure. AVN can be due to interruption
of the vascular supply as a result of local trauma or non-traumatic systemic conditions, generally from
corticosteroid use, trauma, pancreatitis, alcoholism, radiation, sickle cell disease, infiltrative diseases
(e.g, Gaucher’s disease), and Caisson disease.”) Femoral head is the most common site involved
and could be bilateral.! In the femoral head, site of necrosis is immediately below the weight bearing
articular surface of the bone, that is, the anterolateral aspect of the femoral head.

Magnetic resonance imaging (MRI) is a commonly used imaging modality to detect early AVN.4
When MRI is inconclusive, bone scan is helpful in detecting AVN during early phase of the disease.
As newer nuclear medicine equipment, such as single photon emission computed tomography/
computed tomography (SPECT/CT) and positron emission tomography (PET), are emerging in
medical science, the role of these imaging modalities in AVN of femoral head is re-evaluated.

TECHNIQUE

At our center, we performed SPECT/CT and MRI at the same session, with a single-photon
emission CT imaging system (GE Healthcare, Discovery NM/CT 670) and Siemens MRI 1.5T.
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20-25 mCi99mTc methylene diphosphonate by intravenous
injection for bone scintigraphy. Anterior planar images of the
hips were obtained immediately after the injection for 1 min
(perfusion phase with 1 s per film) and another 1 min (blood
pooling) by SPECT/CT. Static-phase scan was performed in
3 h after injection with SPECT (rotation angle: 3° per step, at
15 s per frame, total 180° by dual detector, and acquired during
rotation in noncircular orbit). The images were acquired into
a 128 x 128 matrix and reconstructed using two-dimensional
ordered-subset expectation maximization iterative technique
and Gaussian three-dimensional post-filter. Low-dose
CT scan was performed for the corresponding region for
further correlation (1 mm collimation with reconstruction to
1.25 mm slice thickness, pitch 1.6, bone algorithm: 25 mAs,
130 kVp). Pinhole scan would be acquired with internal and
external rotation view. Software with image fusion function
was used for image analysis. Non-contrast MRI with metal
signal reduction using two sequence - the coronal T1 and
T2 with fat saturation in 3 mm slice thickness was then
performed. The estimated time of scanning is 4-5 h.

CASE PRESENTATION

In this manuscript, we present the role of hybrid MRI with
SPECT/CT bone scan to diagnose AVN of the femoral head.

Case 1

A 74-year-old gentleman with history of trauma with
internal fixation of right posterior wall of acetabulum with
predominately degenerative changes as shown in the radiograph
[Figure 1] MRI right hip showed T1 hypointense signal and
T2 hyperintense signal over the superior aspect of the femoral
head and the hip joint, suggestive of degenerative and reactive
changes. No definite T1 and T2 hypointense area to suggest AVN
[Figure 2a and b]. Subchondral cysts over the acetabulum and
femoral head [Figure 2b], it was doubtful that the subchondral
cyst may be early subchondral collapse of the femoral head.
Bone scan showed significant increase tracer uptake over
the right hip joint particular the posterosuperolateral aspect
[Figure 3]. Corresponding SPECT/CT showed marked
degenerative changes with joint space narrowing, osteophytosis,
and subchondral cyst formation. Bone remodeling with mild
flattening of the femoral head surface likely related to the
degeneration [Figures 4 and 5]. No definite photopenic area
detected. Combining the scintigraphic, CT and MRI findings,
it is confident to make the diagnosis of no vascular necrosis of
femoral head with moderate hip degeneration.

Case 2

A 71-year-old lady presented with history of trauma with
cannulated screws for fracture right neck of femur. The
femoral neck fracture healed with no definite femoral head
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Figure 1: A 74-year-old man with trauma history presented with
persistent hip pain. Pelvic radiograph showed evidence of internal
fixation of right ilium with moderate hip degenerative changes.
(arrow) It is equviocal to diagnose avascular necrosis of femoral
head.

Figure 2: (a) A 74-year-old man with trauma history presented with
persistent hip pain. MRI right hip showed T1 hypointense signal
and T2 hyperintense signal over the superior aspect of the femoral
head and the hip joint, suggestive of degenerative and reactive
changes. (arrow) No definite T1 and T2 hypointense area to suggest
avascular necrosis. (b) No definite T1 and T2 hypointense area to
suggest avascular necrosis. Subchondral cysts over the acetabulum
and femoral head.

collapse detected in the radiograph [Figure 6]. Bone scan
showed moderate increase tracer uptake over the femoral
head [Figure 7]. Corresponding SPECT/CT showed mild
degenerative changes with joint space narrowing and
osteophytosis, likely related to the degenerative and reactive
changes. There is a tiny faint photopenic area in the right
femoral head. Corresponding CT showed a small area of
subchondral lucency surrounded with bone sclerosis [Figure 8].
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Figure 3: A 74-year-old man with trauma history presented with persistent hip pain. Bone scan (pinhole) showed significant increase tracer
uptake over the right hip joint particular the posterior superolateral aspect (arrow).
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Figure 4: A74-year-old man with trauma history presented with persistent hip pain. SPECT/CT showed marked degenerative changes with
joint space narrowing, osteophytosis, and subchondral cyst formation. Bone remodeling with mild flattening of the femoral head surface
likely related to the degeneration. No definite photopenic area detected (pointer).

It is inconclusive to make a confident diagnosis as sometimes
subchondral cyst related to degenerative may give rise to similar
appearance. MRI hip showed a 1.2 cm hypointense signal on
T1 with double line sign on T2 over the superior aspect of right
femoral head features are suspicious of early AVN. The femoral
head contour is smooth with no significant collapse of the
femoral head [Figure 9a and b]. Combining the scintigraphic,

CT and MRI findings, it is confident to make the diagnosis of
early vascular necrosis of femoral head.

DISCUSSION

AVN or osteonecrosis is caused by inadequate blood supply
leading to bone death, which results in the collapse of the
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architectural bony structure. AVN can be due to interruption of
the vascular supply as a result of local trauma or non-traumatic
systemic conditions,! generally from corticosteroid use,
trauma, pancreatitis, alcoholism, radiation, sickle cell disease,

Figure 5: A 74-year-old man with trauma history presented with
persistent hip pain. CT showed marked degenerative changes
with joint space narrowing, osteophytosis and subchondral cyst
formation. Bone remodeling with mild flattening of the femoral
head surface likely related to the degeneration (arrow).

Figure 6: A 71-year-old lady with trauma history presented with
persistent hip pain. Pelvic radiograph showed cannulated screws
for fracture right neck of femur, with mild hip degenerative changes
(arrow). It is equviocal to diagnose avascular necrosis of femoral
head.
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infiltrative diseases (e.g., Gauchers disease), and Caisson
disease."? Femoral head is the most common site involved
and could be bilateral.!!! In the femoral head, site of necrosis is
immediately below the weight bearing articular surface of the
bone, that is, the anterolateral aspect of the femoral head.

In the literature, there have been more than ten different
classifications described for AVN, most of them based on MRI
and radiographs. The disease classification allows determining
a prognosis and gives an orientation in the treatment options.
The most commonly used classification is Steinberg’s
classification.”! The Steinberg’s classification, developed in the
early 1980s, identified seven distinct stages, incorporated both
technetium scans and MRI, and included a specific measurement
of lesion size in both early and late stages [Table 1]. It was the
first to use MRI as a specific modality for determining stage and
incorporate a method for measuring lesion size as an integral
part of the system. Lesion dimensions on plain radiographs
and MRIs in the same hips were compared and found to be
similar. It included the symptomatology especially in terms of
worsening or persistent pain, which may be used to differentiate
the pre-collapse from post-collapse lesion. The majority of the
lesions were in the weight-bearing region. Therefore, there was
no separate category for location of the lesion.

Early diagnosis and treatment remains the key for hip
preservation in AVN. Till date, MRI is considered as the gold
standard diagnostic modality for AVN.!! However, with the
improvement in nuclear imaging technique, the disease can
be diagnosed even at a very early stage. Available literature
suggests that SPECT/CT bone scan and 18F-fluoride photon
emission CT/CT have similar or better results in comparison
to MRI in AVN of the femoral head.”*! Nuclear imaging also
provides both morphological and metabolic information in
the disease part and hence can indicate whether the disease is
active or healed.!'”!

Table 1: Steinberg Classification System for femoral head
avascular necrosis.

Stage  Findings

No symptoms
0 Normal radiograph
MRI non-specific
Mild pain in the affected hip. or pain with internal rotation

1 Normal radiograph

MRI diagnostic

Worsening or persistent pain
2 Increased sclerosis or cysts in the femoral head
3 Subchondral collapse (crescent sign)

Flattening of the femoral head
Normal joint space

5 Narrowing of the joint space with/without femoral head
involvement
6 Advanced degenerative changes




Ng, et al.: Hybrid MRI with SPECT/CT bone scan for diagnosis of avascular necrosis of femoral head

Figure 7: A 71-year-old lady with trauma history presented with persistent hip pain. Bone scan (pinpole) showed moderate increase tracer

uptake over the femoral head (arrow).
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Figure 8: A 71-year-old lady with trauma history presented with persistent hip pain. SPECT/CT showed mild degenerative changes with joint
space narrowing and osteophytosis, likely related to the degenerative and reactive changes. There is a tiny faint photopenic area in the right
femoral head. Corresponding CT showed a small area of subchondral lucency surrounded with bone sclerosis (pointer).

SPECT images reflect vascular integrity. SPECT scans
may demonstrate an avascular focus early in the disease;
such findings are often missed with MRI. Collier found a
sensitivity of 85% for SPECT."! With triple-head high-
resolution SPECT, Lee et al. reported a sensitivity of
97%.1"1 A cold spot (photon-deficient region) within the
femoral head is highly specific for AVN and is the earliest

scintigraphic evidence of AVN. This usually is seen 7-10
days after the ischemic event. Over a period of weeks to
months, increased uptake representing revascularization
and repair surrounds and eventually replaces the region
of photopenia. The central region of photopenia with
surrounding zone of increased uptake is termed the
doughnut sign.
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Figure 9: (aand b) A 71-year-old lady with trauma history presented
with persistent hip pain. MRI hip showed a 1.2 cm hypointense
signal on T1 with double line sign on T2 over the superior aspect of
right femoral head (arrows). Features suspicious of early avascular
necrosis. The femoral head contour is smooth with no significant
collapse of the femoral head.

CONCLUSION

Imaging plays a crucial role in early diagnosis of AVN of the
femoral head. Although MRI is a commonly used modality
in detecting AVN, nuclear medicine imaging technology
such as SPECT/CT bone scan and 18F-fluoride PET/CT
could demonstrate similar or better results in comparison to
MRI in AVN of the femoral head and serve a complimentary
role in equivocal case.
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