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Bone Scintigraphy Equipped with a Pinhole 
Collimator for Diagnosis of Avascular Necrosis 

the Femoral Head 
of 
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Summa~ The objective was to compare the sensitivities for diagnosis of avas- 
cular necrosis of the femoral head of bone scintigraphy equipped with a pinhole 
collimator and with an high resolution parallel collimator. Bone scintigraphy 
equipped with a pinhole collimator and with an high resolution parallel collima- 
tor were performed in 16 patients with bilateral (n=7)  or unilateral (n=9)  avas- 
cular necrosis of the femoral head. Bone scintigraphy equipped with a pinhole col- 
limator documented a photopenic defect in 78.3% of the necrotic hips, while bone 
scintigraphy equipped with an high resolution parallel collimator documented a 
defect in 47.8%. There was no false-positive diagnosis of avascular necrosis of the 
femoral head on either bone scintigraphy equipped with a pinhole or with an high 
resolution parallel collimator. In conclusion, bone scintigraphy equipped with a 
pinhole collimator has a greater sensitivity for diagnosis of avascular necrosis of 
the femoral head than bone scintigraphy equipped with an high resolution paral- 
lel collimator. 
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INTRODUCTION 

Magnetic resonance imaging (MRI) is the modality of 
choice for early diagnosis of avascular necrosis of the 
femoral head (AVNFH). Nevertheless, MRI cannot be 
performed in patients with cardiac pacemakers, intrac- 
ranial clips or claustrophobia. These patients can have 
an unexplained hip pain explored by bone scintigraphy 
(BS) equipped with an high resolution parallel collima- 
tor. A photon deficient defect in the femoral head is a 
scintigraphic evidence of AVNFH (3). However, a peri- 
necrotic zone increased radiotracer uptake often oblit- 
erates the defect and creates difficulties of distinguish- 
ing AVNFH from other causes for increased radiotrac- 
er uptake (3). The use of a pinhole collimator optimizes 
resolution in evaluating circumscribes areas. Thus, BS 
equipped with a pinhole collimator should be a more 
sensitive indicator of the presence of AVNFH than BS 
equipped with an high resolution parallel collimator. 
Consequently, in some institutions, the pinhole collima- 
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tor is used routinely for evaluation of AVNFH. Howev- 
er, other nuclear medecine departments do not employ 
this method, and use parallel collimators to detect AVN- 
FH. Although BS equipped with a pinhole collimator has 
already been studied in comparison with MRI (1,7), this 
difference in habits may be explained by a tack of com- 
parative studies between BS equipped with an high res- 
olution parallel collimator and with a pinhole collimator. 

The aim of this study was to determine the effective- 
ness of BS equipped with a pinhole collimator in detect- 
ing AVNFH and to compare the results of BS equipped 
with a pinhole and with an high resolution parallel colli- 
mator. 

PATIENTS AND METHODS 

Sixteen adult patients (13 men, 3 women) with bilat- 
eral (n=7) or unilateral (n=9) AVFNH were examined 
with BS equipped with an high resolution parallel and 
with a pinhole collimator. Ages ranged from 22 to 73 
years (mean=52.4 years _+ 15.4 SD). Recognized risk fac- 
tors for AVNFH were identified in 12 cases. Six patients 
had an history of alcohol abuse and six were treated by 
long-term corticosteroid therapy (2 of whom were renal 
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Fig.l: A 44-year-old man complained of a left hip pain of 2 months du- 
ration. X-rays were normal. BS equipped with an high resolution par- 
allel collimator showed a diffuse radiotracer uptake of the left femo- 
ral head (figure la). BS equipped with a pinhole collimator demon- 
strated (figure lb) a defect in the femoral head, surrounded by a zone 
of increased scintigraphic activity. The diagnosis of AVNFH was con- 
firmed secondarily by histologic examination following total hip re- 
placement. 

transplant recipients, i was treated with steroids for ju- 
venile chronic arthritis, 1 for chronic bronchopathy, 2 
were given intermit tent  high-dose cort icosteroids for 
non-Hodgkin lymphoma and multiple myeloma). Nine- 
teen out of twenty-three affected hips and a history of a 
local pain which lasted for 2 weeks to 13 months  
(mean=4.9 months ___3.2 SD). The 4 remaining hips were 
asymptomatics. 

Radiographic staging was performed in all cases. Ac- 
cording to Ficat's classification (4), 7 hips were graded 
with stage I AVNFH (normal plain radiographs), 9 hips 
with stage II (mottled sclerosis and/or the crescent sign, 
with no deformity of the femoral head), 6 hips with stage 
III (progressive deformity of the femoral head), one hip 
with stage IV (early osteoarthritis). MRI was performed 
on ten of sixteen patients (with 15 of 23 necrotic hips). 

For fifteen affected hips, the final diagnosis of AVN- 
FH was established later by histologic examination, fol- 
lowing total hip replacement (14 hips) or core decom- 
pression (1 hip). For the 8 remaining necrotic hips, the 
diagnosis of  AVNFH was established by MRI (6 hips) 
and by the radiological follow-up (2 hips with 9 and 14 

months follow-up). For the 9 non-necrotic hips, the di- 
agnosis of AVNFH was excluded by the radiological fol- 
low-up in 4 cases (mean follow-up= 18.2 months), MRI 
in 3 cases, MRI and the radiological follow-up in 2 cases. 

An additional 4 patients with unilateral painful coxar- 
throsis were explored with BS equipped with an high res- 
olution parallel collimator, BS equipped with a pinhole 
collimator, and MRI. 

BS was performed following iv injection of 750 MBq 
of 99m technetium methylene diphosphonate.  Three  
hours later, anterior-view bone scintigrams of the 2 hips 
were obtained with an high resolution parallel collima- 
tor. Later  anterior-view bone scintigrams of  the 2 hips 
were obtained using a gamma camera equipped with a 
pinhole collimator. BS examinations were reviewed by 
2 experienced independant  examinors (one a rheuma- 
tologist, the other  a nuclear medecine physician) with- 
out benefit  of clinical and radiological data. The previ- 
ously established criteria used for diagnosis of  AVNFH 
was the presence of a photopenic defect in the femoral 
head. 
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Fig. 2: A 44-year-old man complained of a right hip pain of 13 months duration. X-rays showed mottled sclerosis and radiolucencies in the right 
femoral head. BS equipped with a pinhole collimator a showed a diffuse radiotracer uptake of the right femoral head (figure 2a). MRI (figure 2b) 
demonstrated an AVNFH of the right femoral head that was confirmed secondarily by histologic examination following total hip replacement., 
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Statistical analysis used the Chi-2 squared test with 
Yates' correction. 

RESULTS 

BS equipped with a pinhole collimator documented a 
photopenic defect in 18 out of 23 necrotic heads (78.3%), 
and a diffuse increased radiotracer uptake of the femo- 
ral head in 3. BS equipped with an high resolution par- 
allel collimator showed only 11 defects (47.8%), p < 0,05, 
and 10 diffuse increased radiotracer uptake of the fem- 
oral head. When selecting the radiographic early stages 
(I and II), BS equipped with a pinhole collimator showed 
a photopenic defect in 1t of 16 AVNFH (68.7%), and 
BS equipped with an high resolution parallel collimator 
in 7 of 16 (43.7%), p < 0,2. The sensitivity of BS equipped 
with a pinhole collimator tended to be lower in early 
stages than in stages III and IV (68.7% vs 100%), but in 
an insignificant manner. Figure 1-3 show examples of the 
images obtained with the pinhole collimator. 

BS equipped with either pinhole or high resolution 
parallel collimator failed to show any abnormality in 2 
asymptomatic necrotic femoral heads. The two false neg- 
atives using BS occured in the asymptomatic hips of 2 
patients with bilateral AVNFH. BS equipped with a pin- 
hole collimator and with an high resolution parallel col- 
limator showed a photopenic defect in femoral heads of 
the painful hips. The contralateral femoral heads were 
free of scintigraphic abnormalities, but MRI detected an 
unsuspected AVNFH. 

Neither BS procedure detected any abnormality in the 
9 contralateral non-necrotic femoral heads. In the 4 pa- 
tients with painful unilateral coxarthrosis, the 2 proce- 
dures documented hyperfixation of the osteoarthritic 
coxofemoral joint, with no defect of the femoral head, 
and showed a normal contralateral femoral joint. MRI 
confirmed the absence of AVNFH. 

DISCUSSION 

Although AVNFH may be suspected on the basis of 
the history, physical examination and X-rays, special im- 
aging studies are essential for early diagnosis (6,8). Many 
investigators have demonstrated the usefulness of MRI 
(1,7,9) and subsequently, MRI has become the modal- 
ity of choice for early diagnosis of AVNFH. Further- 
more, MRI could be useful for predicting the long-term 
outcome of AVNFH (2,5). However, MRI cannot be per- 
formed on some patients, such as those with intracrani- 
al clips, cardiac pace makers, or claustrophobia. These 
patients can have an unexplained hip pain explored by 
classical bone scintigraphy equipped with an high reso- 

lution parallel collimator. Very early in the course of 
AVNFH, BS may show a photon deficiency in the fem- 
oral head, rapidly surrounded by a zone of increased ac- 
tivity (3). However, within a few weeks, the zone of' in- 
creased activity may obliterate the original defect, and 
the site shows a uniform high level of activity (6). As long 
as the defect can be observed, the diagnosis of AVNFH 
can be made. Once it has been obliterated, physicians 
can not distinguish between AVNFH and other causes 
of increased activity. 

The pinhole collimator is a conical collimator with a 
small circular aperture (3-5 milimeters) which produces 
an inverted image of the object, in a manner analogous 
to photographic cameras. The image obtained is magni- 
fied, allows a better visualization of small organs or struc- 
tures and improves detection of scintigraphic abnormal- 
ities. For this reason, we hypothesized that BS equipped 
with a pinhole collimator should be more sensitive than 
BS equipped with an high resolution parallel collimator 
for separating the photopenic defect from the perine- 
crotic zone of increased activity. Our results confirmed 
this hypothesis. The sensitivities of BS equipped with a 
pinhole and with an high resolution parallel collimator 
for diagnosis of AVNFH were respectively 78.3% and 
47.8%. Although the sensitivity of BS equipped with pin- 
hole collimator tended to be lower in stages I and II, sim- 
ilar results were found when selecting such radiologic 
early stages but the difference was not statistically sig- 
nificant, due possibly to the few cases studied. There 
were no false-positive diagnoses of AVNFH on BS 
equipped with a pinhole collimator. Nine patients had 
only a unilateral AVNFH and 4 patients with coxarthro- 
sis were free of AVNFH. BS did not show any defect in 
these non necrotic femoral heads. These results suggest 
that BS equipped with a pinhole collimator is a sensitive 
and specific procedure for diagnosing AVNFH. Beltran 
et al (1) reported similar sensitivity of BS equipped with 
a pinhole collimator. However, the diagnostic criteria 
(increased or decreased activity in the femoral head) 
were different from ours. Mitchell et al (7) reported a 
lower sensitivity for BS equipped with a pinhole colli- 
mator. In their study, a cold defect was seen in 10 out of 
41 necrotic hips. However, a large porportion of the le- 
sions was examined following core decompression. Such 
a decompression could have modified the findings of BS. 
In these two studies, comparison between BS equipped 
with an high resolution parallel and with a pinhole colli- 
mator was not performed. 

Other scintigraphic procedure has been studied to ame- 
liorate the detection of the photopoenic defect. The sin- 
gle photon emission computed tomography (SPECT) 
has been shown to be a highly accurate imaging modal- 
ity for the diagnosis of AVNFH (3). The advantage of 
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Fig. 3." A 57-year-old man complained of a left hip pain of 6 months duration. BS equipped with an high resolution parallel collimator (figure 3a) 
and with a pinhole collimator (figure 3b) documented a defect in the left femoral head, surrounded by a zone of increased radiotracer uptake. 
The diagnosis of AVNFH was confirmed secondarily by histologic examination following total hip replacement. 
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SPECT is to provide images of the radioactive distribu- 
tion in three-dimensions, but it requies a good cooper- 
ation from the patient who must remain immobile for 45 
minutes (compared to the 15 minutes acquisition time 
of BS equipped with a pinhole collimator). An addition- 
al limitation is early filling of the bladder. 

This study was not conducted to compare BS equipped 
with a pinhole collimator and MRI. Subsequently, MRI 
was not performed in all patients. MRI has been shown 
to be more sensitive than BS equipped with a pinhole 
collimator for diagnosis of A V N F H  (1). In our series, 
MRI detected 5 necrotic hips not demonstrated by BS 
equipped with a pinhole collimator (diffuse increased ra- 
diotracer uptake in the femoral head 3 times, no abnor- 
mality in the femoral head 2 times). Subsequently, we do 
not advocate the use of  BS equipped with a pinhole col- 
limator instead of MRI for diagnosis of AVNFH, but we 

suggest that BS equipped with a pinhole collimator could 
be an alternative to MRI when this procedure cannot be 
performed or when its results are not clear-cut. More- 
over, BS equipped with an high resolution parallel colli- 
mator is considered to be a useful technique for patients 
who do not have risk factors for necrosis or as a screen- 
ing device for those in whom involvement of multiple 
joints is suspected (8). In such patients, BS equipped with 
a pinhole collimator could be added to the BS equipped 
with an high resolution parallel collimator. 

In conclusion, we have shown that BS equipped with 
a pinhole collimator has a greater sensitivity for diag- 
nosing AVNFH than BS equipped with an high resolu- 
tion parallel collimator. BS equipped with a pinhole col- 
limator could be an alternative to MRI when this pro- 
cedure cannot be performed or when its results are not 
clearcut. 
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