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Twenty-oneackiltpalientswfththeclinicalc@agnosisofavascularnecrO&S(AVN)of the
femoralheadwere examinedwftli r@lionuclideangiography,planarbonescintigraphy,and
singlephotonemissioncomputedtomography(SPECT).Afinalc@agnosisofAVNwas
establishedfor 15 symptomaticpafientswith a total of 20 invoh,edhips.SPECTandplanar
bonescintigraphywere consideredposithiefor AVN only it a photopenicbonydefectcould
be identified.UsingSPECTbonescintigraphy,12 of 15 symptomaticpatientsand 17 of 20
involvedhips (sensftMtyof 0.85) were correcdyidentified,whereaswfth planarim@ingonly
eight of 15 patients and 11 of 20 involved hips were detected. There were no false-positive
diagnosesonSPECTor planarbonescintigraphy.Inaddition,hyperemiaintheregionof the
proximal femoral metaphysis was demonstrated in six of 20 involved hips. It Is concluded
that by identifyinga photopenicdefect that is not evklenton planarviews, SPECTcan
contzlbuteto thediagnosisof AVNof thefemoralheed.Inaddition,metaphysealhyperemia
appearsto be a promisingnew scintigraphicsignof AVN worthyof further investigation.
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photon deficient defect in the femoral head fre
quently is the earliest scintigraphic evidence of avascu
lar necrosis (AVN) of the adult hip. Bone scintigraphy
may demonstrate absent or decreased femoral head
activity before any radiographic changes are present
(1â€”14),and even the serendipitious scintigraphic find
ing of femoral head AVN before the onset of symptoms
has been reported (3,15). Subsequently, over a period
of weeks to months, increased scintigraphic activity
appears in the femoral metaphysis and in the bone
adjacent to the articular surfaces of the involved hip.
This progression of findings is probably due to hypere
mia with ingrowth of osteoblasts upward from the me
taphysis as well as the development of osetoarthritis in
thejoint (2,3,9). Eventually, the zone ofincreased scm
tigraphic activity advancing from the metaphysis into
the femoral head may merge with the increased activity
about the hip joint and totally obliterate the original
photon deficient defect initially seen in the femoral
head (2,3,9,10,12,14). As long as the photon deficient
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defect can still be imaged, the scintigraphic diagnosis of
AVN can be made with confidence. However, once the
photon deficient defect has been obliterated or ob
scured, it may be difficult to distinguish AVN from
osteoarthritis, fracture, inflammatory arthritis, or oth
er causes for increased bony repair (9,10,12,16).

Because the posterior margin of the acetabulum cx
tends downward behind the femoral head, a photon
deficient defect within the femoral head may be ob
scured on anterior view planar images by increased
scintigraphic activity originating in the underlying ace
tabulum. However, using single photon emission com
puted tomography (SPECT), it is possible to separate
underlying and overlying distributions of activity into
sequential tomographic images. For this reason,
SPECT imaging should improve detection of any pho
ton deficient zone within the femoral head. Therefore,
to determine the diagnostic efficacy of SPECT bone
scintigraphy, we examined a series of adult patients
referred to our laboratory with the clinical diagnosis of
AVN of the femoral head.

MATERIALS AND METHODS

Twenty-one adult patients with the clinical diagnosis
of AVN of the femoral head were examined with plain
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TABLEIDiagnostic
SensitivityforAVN of Adult FemoralHeadSymptomatIcInvolvedItempatientshipsSPECT

scintigraphy0.800.85Planar
scintigraphy0.530.55Abnormal
radiographs0.670.55â€œCrescentâ€•

sign0.330.30

count 2 or 4 mm pinhole collimator views werefilm radiography, radionuclide angiography, planar
scintigraphy, and technically optimal SPECT bone
scintigraphy. An additional five referred patients were
excluded from the study because of imaging artifacts
created by rapid bladder filling during SPECT acquisi
tion. Ages ranged from 19 to 74 yr (mean of 40 yr) with
12 males and nine females included in the series. These
patients had suffered from hip pain for as little as 1day
or as much as 18 mo (mean of 5 mo). While all 21
patients underwent bone scintigraphy to confirm the
clinical diagnosis of AVN, recognized risk factors for
AVN were identified in only 16 cases: renal transpian
tation with steroid therapy (six), high dose steroid ther
apy without transplantation (four), alcoholism (four),
fracture-dislocation (one), and radiation therapy (one).
For 15 patients with 20 involved hips a final diagnosis of
femoral head AVN was established either by histologic
examination following total hip replacement (nine
hips) or by subsequent appearance and progression of
radiographic changes previous established as diagnos
tic of AVN (1 1 hips) (18â€”20).Two patients with trau
matic injuries (stress fracture of the femoral neck and
osteochondral fracture-dislocation of the femoral
head) also were encountered in the series. The four
remaining patients, who were radiographically normal
and did not complain of hip pain 3 mo later, were
thought to have no significant bone pathology.

Radionuclide angiography performed following the
bolus i.v. injection of25 mCi (925 MBq) of technetium
99m medronate consisted of eight sequential, 5-sec,
anterior view images of the hips followed immediately
by a 500,000-count blood-pool image. Three hours lat
er, 500,000-count anterior view bone scintigrams of the
hips were obtained using a large field-of-view gamma
camera equipped with a high-resolution collimator.
SPECT examinations were performed with a rotating
gamma-camera device* equipped with a low-energy,
general-purpose collimator. All data were acquired and
processed as 64 X 64 matrices. Sixty-four projections
over 360Â°were acquired for 20 sec per projection.
Following uniformity correction and a nine-point
smooth for each projection, 6-mm-thick transaxial, cor
onal, and sagittal tomograms were reconstructed using
filtered back projection with a ramp filter. While it was
of value to have all three tomographic planes simulta
neously available at the time of interpretation, photo
penic defects in the femoral head were seen to best
advantage on the coronal tomograms. A log map was
used when photographing SPECT images on transpar
encies. Radiographic evaluation consisted of AP views
obtained both in a neutral position and with abduction
and external rotation. In questionable cases, 3 to 1
magnification radiographs were obtained using a tech
nique described elsewhere (17). When both planar and
SPECT bone scintigraphy failed to demonstrate a pho
ton deficient defect in a symptomatic hip, 100,000

obtained.
Radionuclide angiography, planar bone scinti

graphy, and SPECT were evaluated independently
without benefit of clinical or radiographic correlation.
RadiOnuclide angiography was scored for oligemia over
the femoral head and hyperemia in the region of the
proximal femoral metaphysis. Four adult patients with
out hip pain undergoing bone scintigraphy for other
indications previously were examined to establish the
appearance of the normal hip on SPECT bone imaging.
SPECT and planar bone scintigraphy were considered
to be positive for AVN only ifa photopenic defect could
be identified in the femoral head. On high-resolution
collimator planar images, a photopenic defect within
the fÃ moralhead typically demonstrated less activity
than the central portion of the ipsilateral sacroiliac
joint. On coronal SPECT bone images, a photopenic
femoral head typically demonstrated less activity than
the ipsilateral femoral neck. However, in addition to
intensity of femoral head activity, size, and configura
tion ofa potential abnormality were considered before a
femoral head was classified as showing a photopenic
defect. Furthermore, increased activity throughout the
femoral head was not considered to be diagnostic of
AVN.

Radiographs were evaluated for AVN without
knowledge of the clinical or scintigraphic findings by a
skeletal radiologist (GFC) using previously described
criteria (18â€”20).In addition, to simplify the radiogra
phic findings for subsequent analysis, all hips with
radiographic abnormalities were classified as showing
femoral head flattening, subchondral fracture
(â€œcrescentâ€•sign), and/or osteoarthritic changes.

RESULTS

When a photopenic defect was used as the diagnostic
criterion for AVN, SPECT correctly identified both 17
of 20 involved hips (sensitivity 0.85) and 12 of 15
patients suffering hip pain due to AVN (sensitivity
0.80).AsshowninTable1,theresultsofSPECTwere
better than the 0.55 sensitivity (chi-square test with
p<0.O5) and 0.53 sensitivity of planar scintigraphy for
identifying involved hips and patients, respectively. For
example, Fig. 1 shows a photopenic defect in the left
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femoral head seen only with SPECT. This 57-yr-old
male had suffered minimal left hip pain for many years
with the onset of severe left hip pain 3 mo prior. Radio
graphs at the time of bone scintigraphy showed sclero
sis, joint space narrowing, and osteophyte formation.
However, a subchondral fracture was evident only on a
follow-up radiograph 1 mo later. Figure 2 shows the
radiographs and bone scintigrams of a 52-yr-old wom
an treated with prednisone for chronic active hepatitis
for whom histologic proof of AVN is available. At the
time of scintigraphy the patient had been bothered by
left hip pain for 4 mo. Radiographs show left femoral
head flattening and sclerosis. The anterior view planar
bone scintigram shows increased activity over the ace
tabulum and proximal left femur without convincing
evidence of a photon deficient defect in the left femoral
head. For the right hip the planar image shows promi
nence of activity involving the base of the femoral head
and/or the subcapital portion ofthe femoral neck with
out a photopenic defect in the right femoral head.
SPECT images and histogram analysis through both
hips clearly demonstrate a photon deficient defect with
in the left femoral head. In addition, a photon deficient
defect is seen within the asymptomatic and radiogra
phically normal right femoral head. One month later,
despite limited weight-bearing, the patient developed
right hip pain. Radiographs at that time showed a new

FIGURE1
57-yr-old man with onset of severe left hip pain 3 mo prior.
Lefthipradiograph(A)showssclerosis,jointspacenarrow
Ing and osteophyte formation. Planar bone scintigram (B)
shows increased scintigraphic activity over left femoral
headand left acetabulumwith no evidenceof photopenic
defect within femoral head. Coronal SPECT image (C)
showsphotopenicdefectin left femoralheadlocatedinferl
or to activityassociatedwiththeacetabulumandmedialto
activfty associated with osteophytes and femoral neck
(arrow)

subchondral fracture in the right femoral head. Be
cause ofincreasingly severe hip pain the patient eventu
ally underwent bilateral total hip replacements. AVN
was found in both resected femoral heads.

For six hips with a photopenic defect evident on
SPECT but not planar bone scintigrams, the duration
of symptoms ranged from 1 to 18 mo. Neither duration
of symptoms nor radiographic findings distinguished
these six false-negative planar bone scintigrams from
the 11other instances ofconfirmed AVN in which both
planar and SPECT bone scintigraphy correctly
identified a photopenic defect.

For this series there were no false-positive diagnoses
of AVN on either planar or SPECT bone scintigraphy
(specificity 1.00). In particular, AVN was correctly
excluded for four symptomatic patients without signifi
cant bone pathology, one patient with femoral neck
stress fracture, one patient with osteochondral frac
ture-dislocation of the femoral head, and in the contra
lateral hip often patients eventually shown to have only
unilateral femoral head AVN. Furthermore, in a pilot
study of four asymptomatic patients undertaken to es
tablish the normal appearance of SPECT images, nei
ther SPECT nor planar bone scintigraphy identified
photopenic defects in the femoral head. Nonetheless,
imaging of a greater number of nQrmal asymptomatic
individuals in addition to imaging of patients suffering
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FIGURE2
52-yr-old womantreated with prednisonefor chronic active hepatitis hadexperienced left hip pain for 4 mo. Normalright hip
radiograph(A). Left hip radiograph(B)shows sclerosis and flattening of femoral head.Anterior view planar bone scintigram
(C)showsincreasedactivityoveracetabulumandproximalleftfemurwithoutconvincingevidenceofphotondeficient
defect in left femoral head. Coronal (D)and transaxial (E)SPECTbone scintigrams through both hips clearly demonstrate
centralphotondeficientdefectsurroundedbyincreasedactivitywithinleft femoralhead(straightarrow).Inaddition,photon
deficient defect is seen within asymptomatic right femoral head (curved arrow). Histogram analysis (F) confirms photon
deficient defects within both femoral heads

hip pain from a wide variety of bone and soft-tissue which pinhole planar views demonstrated a photon de
pathologies is needed before the specificity of SPECT ficient defect that SPECT bone scintigraphy failed to
bone scintigraphy for avascular necrosis of the femoral detect. For example, Fig. 3 shows high resolution colli
head can be conclusively demonstrated. mator, pinhole collimator, and SPECT bone scinti

There were no instances in this adult population in grams for a 62-yr-old man with a 4-mo history of right
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FIGURE3
65-yr-old man with 4-mo history of right hip pain. High
resolution collimator(A), pinhole collimator (B),and coronal
SPECT(C) bone scintigrams all show Increased activity in
femoral head without photopenic defect. Pinhole view ob
tamed in abduction and external rotation suggests that In
creasedscintigraphlcactivity is limitedto narrowbandof
subchondral bone

0
C

hip pain. Radiographs at the time of scintigraphy were
normal. All bone scintigrams show increased activity in
the femoral head without a photopenic defect. The
pinhole view obtained in abduction and external rota
tion suggests that the increased scintigraphic activity is
limited to a narrow band of subchondral bone without
the deeper bony involvement often seen with AVN of
the femoral head. Subsequently, because ofsevere pain,
the patient underwent total hip replacement with
confirmation of AVN in the resected right femoral
head.

When used to examine the 20 hips with confirmed
AVN, radionuclide angiography and blood-pool imag
ing never demonstrated oligemia over the femoral head.
However, for six out of 20 hips with AVN, hyperemia
was demonstrated in the region ofthe proximal femoral
metaphysis (sensitivity 0.30). For example, Fig. 4
shows radionuclide angiography along with both planar
and SPECT bone scintigraphy for a 26-yr-old woman
with a 1 mo history of right hip pain. On both the 5-sec
per image flow study and the blood-pool image, hypere
mia is seen in the region of the right femoral metaphy
sis. This is located slightly below and lateral to the
expected location for hyperemia associated with intra

articular inflammation such as might be seen with
septic arthritis. Both planar and SPECT bone scinti
graphy show a photon deficient defect in the femoral
head. This finding, which may represent collateral flow
to the capsular arteries, was not present in the 20
femurs without AVN or trauma. However, for one case
of femoral neck stress fracture and another instance of
femoral head osteochondral fracture-dislocation, hy
peremia was present at the hip. In addition, hyperemia
over the proximal femoral metaphysis in association
with AVN was present in one instance when both
planar and SPECT bone scintigraphy were unable to
identify a photopenic defect.

Of the 20 hips with AVN, 13 had radiographic ab
normalities at the time of initial scintigraphy. As is
shown in Fig. 5, a subchondral fractureâ€”the most
specific radiographic finding of early femoral head
AVNâ€”was present in only six instances. The other
seven radiographically abnormal hips showed either
flattening of the femoral head or osteoarthritic
changes, findings generally not considered to be specif
ic for AVN. Table 1 also shows the diagnostic sensitiv
ity of radiographic examinations for AVN when either
the highly specific â€œcrescentâ€•sign or any combination
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of abnormal radiographic findings (â€œcrescentâ€•sign,
femoral head flattening, and/or osteoarthritic
changes) was present.

While patients were asked to void before SPECT
data acquisition, rapid bladder filling still contributed
to unsatisfactory examination for five patients who

were excluded from the series. For example, Fig. 6
shows unsatisfactory SPECT image obtained when the
patient's bladder filled rapidly during the time of
SPECT acquisition. As the 64 sequential projections
were acquired, activity within the bladder increased.
On the SPECT image, broad rays project beyond the
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FIGURE4
26-yr-old woman with 1-mo history of right hip pain. Right hip radiograph (A)
shows subchondral fracture. Five-second per image flow study (B)and blood
poolimage(C)showhyperemiaintheregionoftherightfemoralmetaphysis.
Photondeficientdefectisseeninrightfemoralheadonbothplanar(D)and
coronalSPECT(E)bonescintigrams



ground ratio even further. However, by removing over
lying and underlying activity from the tomographic
plane containing the femoral head, SPECT bone scinti
graphy improves image contrast and thereby facilitates
detection of photopenic defects.

Using SPECT bone scintigraphy, a photopenic de
fect was found for 12of 15 symptomatic patients and 17
of2O hips with AVN, whereas with planar imaging only
eight of 15 patients and 11of 20 hips demonstrated this
finding. The persistence for as much as 18 mo of these
photon deficient defects distinguishes our results with
SPECT from most previous reports which were based
on a variety of planar scintigraphic techniques (1â€”
3,16,21â€”24). However, this persistence of photopenic
defects in the femoral head is consistent with the incom
plete femoral head revascularization reported in the
histologic study of AVN by Inoue and Ono (25). In
studying 40 adult femoral heads involved with AVN,
they found that, â€œthecharacteristic histopathological
changes of recurrent necrosis were present in 83%.
Recurrent necrosis occcurred widely after revasculari
zation had progressed as far as the subchondral zone.â€•
These same authors go on to conclude that once AVN
has occurred, the adult femoral head may be subjected
to repeated episodes of infarction.

The possibility of hyperemia in the region of the
proximal femoral metaphysis and adjacent soft tissues
in conjunction with AVN has not been stressed in the
nuclear medicine literature. However, based on the
findings of x-ray angiography, Theron reported that
collateral vascular perfusion to the femoral head can
form in adult AVN (26). Following occlusion of the
capsular arteries early in AVN, a variable degree of
collateralization occurs from vessels perfusing the fem
oral metaphysis and the acetabulum. It is tempting to
speculate that when rich collateral flow is established
from the medial circumflex artery or other vessels near
the metaphysis, a metaphyseal hyperemia characteris
tic of AVN may be demonstrated by radionuclide an
giography. Because such collaterals may not form, the
finding is not present in every case of femoral head
AVN, and other causes for metaphyseal hyperemia
such as a localized form of the reflex sympathetic dys
trophy syndrome (27) might account for this finding.
Metaphyseal hyperemia does appear, however, to be a
promising new scintigraphic sign of AVN worthy of
further investigation. The location of hyperemia in the
proximal femoral metaphysis rather than the hip joint
should aid in distinguishing AVN from septic arthritis
or other inflammatory intra-articular processes.

We conclude that when a photopenic defect is used as
the scintigraphic criterion for AVN, SPECT bone scm
tigraphy is more sensitive than either planar imaging or

OSTEOARTHRITICCHANGES

SUBCHONDRAL
FRACTURE

FLA11'ENED
V FEMORAL HEAD

FIGURE5
Distribution of abnormal radiographic findings for 13 of 20
hipswith confirmedfemoralheadAVN.Remainingseven
hips were normal radiographically at time of initial
scintigraphy

bladder and in part obscure the femoral heads. When
confronted with increasing activity in the bladder on
the sequentially acquire 64 projections, the current
reconstruction algorithm creates these artifacts.
Bladder catheterization would eliminate this problem.

DISCUSSION

Most investigators using technetium-99m medron
ate or chemically similar radiopharmaceuticals report
that avascular necrosis of the adult femoral head mi
tially shows a photopenic defect (1â€”14).Increased scm
tigraphic activity over the acetabulum and in the proxi
mal femoral metaphysis may be present at the time of
initial scintigraphy or may develop over the course of
weeks to months (2,3,9). Subsequently, the photopenic
defect often is lost on planar scintigraphy amidst the
ingrowth of osteoblasts upward into the adult femoral
head and the increasingly severe osteoarthritic change
in the joint (2,3,9,10,12,14). However, such osteoarth
ritic change in the posterior rim of the acetabulum
which overlies the upper and inner portion of the fem
oral headâ€”may in part obscure a persistent photopenic
defect. In addition, a thin peripheral rim of increased
activity in the subchondral bone over the articular sur
faces of the femoral head may obscure an underlying
photopenic defect at the center of the femoral head.
Stromqvist's published data suggests that for planar
bone scintigraphy of a normal hip â€œlessthan half of the
emission ascribed to the femoral head is derived from
the femoral head itselfâ€•(21), and late in the case of
AVN increased uptake adjacent to the avascular fem
oral head undoubtedly reduces the target-to-back
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FIGURES
Transaxial SPECTimage through femoral headswhich was
obtainedwhenpatient'sbladderfilledrapidlyduringthetime
of SPECTacquisition. Broad rays project beyond bladder
andin partobscurefemoralheads

radiography. This is true not only when the patient first
complains of hip pain but also when symptoms have
been present for as long as 18 mo. By identifying a
photopenic defect that is not evident on planar views,
SPECT can contribute to the accurate diagnosis of
AVN of the femoral head. It is hoped that in those
instances when AVN is present but a photopenic defect
is not detected that the newly described sign of AVN
induced metaphyseal hyperemia will aid in establishing
the correct diagnosis.
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