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Introduction
Radionuclide bone imaging of the pelvis is an important 
investigation for the detection of avascular necrosis of 

the femoral head, for the detection of metastatic tumors 

and other diseases such as osteomyelitis. Although 
planar imaging is performed routinely, single-photon 
emission computed tomography (SPECT) offers 
improved sensitivity and specificity due to its greater 
spatial resolution and contrast, and ability to differentiate 

overlying internal structures. For example, with the 
availability of SPECT, the sensitivity of avascular 
necrosis detection has gone up to 85%, compared to 
55% for planar imaging alone, with no loss of specificity. 
However, bladder artifacts during bone SPECT imaging 
are a common source of errors. The extent and severity 
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Abstract
Bladder artifact during bone single-photon emission computed tomography (SPECT) is a common source of error. The extent and 
severity of bladder artifacts have been described for filtered back projection (FBP) reconstruction. Ordered subset expectation 
maximization (OSEM) may help to address this problem of bladder artifacts, which render up to 20% of the SPECT images 
unreadable. The objective of this study was to evaluate the relationship of the bladder to acetabulum ratio in guiding the choice of 
the number of iterations and subsets used for OSEM reconstruction, for reducing bladder artifacts found on FBP reconstruction. 
One hundred five patients with various indications for bone scans were selected and planar and SPECT images were acquired. 
The SPECT images were reconstructed with both FBP and OSEM using four different combinations of iterations and subsets. 
The images were given to three experienced nuclear physicians who were blinded to the diagnosis and type of reconstruction 
used. They then labeled images from the best to the worst after which the data were analyzed. The bladder to acetabulum ratio 
for each image was determined which was then correlated with the different iterations and subsets used. The study demonstrated 
that reconstruction using OSEM led to better lesion detectability compared to FBP in 87.62% of cases. It further demonstrated 
that the iterations and subsets used for reconstruction of an image correlate with the bladder to acetabulum ratio. Four iterations 
and 8 subsets yielded the best results in 48.5% of the images, whilst 2 iterations and 8 subsets yielded the best results in 33.8%. 
The number of reconstructed images which yielded the best results with 2 iterations and 8 subsets was the same as or more 
than those with 4 iterations and 8 subsets when the bladder/acetabulum ratio (A/B) was between 0.2 and 0.39. A ratio below 
0.2 or above 0.39 supports the usage of 4 iterations and 8 subsets over 2 iterations and 8 subsets. We conclude that bladder 
to acetabulum ratio can be used to select the optimum number of iterations and subsets for reconstruction of bone SPECT for 
accurate characterization of lesions. This study also confirms that reconstruction with OSEM (vs. FBP) leads to better lesion 
detectability and characterization.
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of bladder artifacts have been well documented for 
filtered back projection (FBP) reconstruction. Ordered 
Subset Expectation Maximization (OSEM) may help to 
overcome this anomaly, which renders up to 20% of the 
images unreadable.[1]

Accurate and reliable lesion detection on images is 
important to guide therapeutic management, improve 
risk stratification, and provide prognostic information 
in the pelvic evaluation of patients. Hence, it is crucial 
that the results are reliable and reproducible. The 
performances of OSEM and FBP have been compared 
in a number of other experimental and clinical studies, 
with a variety of reconstruction parameters employed 
with OSEM, as well as the use of post-reconstruction 
smoothing to replace noise with increasing number of 
iterations. To date, no consensus has been reached.[2-6] 

Whilst previous studies have demonstrated better lesion 
detectability with attenuation correction (AC), OSEM 
and dynamic expectation maximum, none of these 
studies has determined the ideal number of iterations 
and subsets for any given patient or condition. The large 
number of combinations of iterations and subsets in 
OSEM may discourage the use of OSEM in the clinical 
setting. Again, the patients from whom these images are 
acquired have different physiological and pathological 
processes which would alter the rate of tracer excretion, 
extraction of tracer by bone and bone to soft tissue 
ratio. It is important that there is a practical simple 
and reproducible way of determining the best iteration 
and subset to use for each patient that would take into 
account the activity of the radiotracer in the bladder and 
the uptake by bone. The hip and the bladder activity 
(the cause of the artifacts) is easily identifiable on the 
whole body scan and a ratio of the counts from these 
provides a good individualized index against which 
iterations and subsets of OSEM used for reconstruction 
can be optimized.

Blocklet et al. noted that 2 iterations and 8 subsets gave 
acceptable iterations for most images. Fancombe et al. 
also noted that the use of 2 or 4 iterations gave images 
better than FBP; however, the number of subsets used 
was not mentioned. Case also used 12 by 3 subsets and 
iterations. Using this information with various trials on 
different images, 4 iteration/subsets were selected to be 
optimized in the population studied. These were 8 × 2, 
8 × 4, 12  3 and 12 × 6.

Materials and Methods
This was a prospective study which included 105 adult 
patients (59 females and 46 males), who were referred 
for bone scintigraphy to the Department of Nuclear 
Medicine of the University of Pretoria between October 

2008 and March 2009. All adult patients referred for bone 
SPECT with equivocal pelvic lesions on planar images 
were included in the study. Ethics approval was obtained 
from the Faculty of Health Sciences Research Ethics 
Committee, University of Pretoria, and informed written 
consents were obtained from all study participants.

Patients were referred for various indications and we 
selected those where the primary region of interest 
was the pelvis or instances where pelvic lesions on 
planar images could not be confidently characterized 
in the absence of SPECT imaging. One hundred and 
five patients consented to the study; however, 25 were 
lost because of incomplete or lost SPECT images. Of the 
remaining 80 SPECT images, there was no clearly defined 
preference of one iterative and subset over the other in 
12 patients. The standard departmental imaging protocol 
was followed for all patients (adapted from current SNM 
and EANM guidelines) starting with the acquisition 
of whole body planar/spot images and proceeding to 
SPECT image acquisition where needed.[7,8] The SPECT 
images were reconstructed with both FBP and OSEM 
using four different combinations of iterations and 
subsets [Figure 1].

FBP reconstruction was done with a Butterworth 
filter at 0.5 of Nyquist frequency and OSEM iterative 
reconstruction with various combinations of iterations 
and subsets. With OSEM reconstruction a non-negativity 
constraint was applied, which meant that negative line 
of response (LOR) values (because of random correction) 
and negative pixel values were set to 0. Limitation in 
terms of the number of subsets (9 different subsets) 
and iterations (limited to 30) programmed in the OSEM 
reconstruction was a restriction encountered during 
reconstructions. For OSEM with a subset size of 1, the 
number of iterations required to achieve good image 
quality is typically 30–50, but there is no clear guidance 
or recommendation for an appropriate combination.[9] 
Hence, a new suggestion has been made for introducing 
a relationship with acetabulum/bladder (A/B) ratio as 
a means of choosing an appropriate subset size which 
permits a more complete evaluation of the effect of the 
number of iterations on image noise and artifact. This 
could be a reliable and repeatable method if validated. 
For obtaining A/B ratio, a line profile across the 
acetabulum and the bladder was drawn and compared 
to OSEM performance.

The images were given to three experienced nuclear 
medicine physicians who were blinded to the type of 
reconstruction used. They then labeled images from the 
best to the worst after which the data were analyzed. 
The A/B ratio for each image was determined which 
was then correlated with the different iterations and 
subsets used.
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Images were assessed on a 4-point scale [Table 1] for the 
presence of artifacts and the clinical impact of artifacts 
on diagnosis of pelvic abnormalities. A blinded analysis 

technique was used in an attempt to eliminate bias, 
whereby the FBP result was hidden from the analysts 
until reviewers agreed – based on properties of the data 
set from OSEM. Correlation analysis was performed 
between A/B ratio and various OSEM reconstruction 
parameters and P-values less than 0.05 were considered 
significant.

Results
One hundred and five patients (59 females and 46 males) 
were studied. The average age was 55 years, with a 
standard deviation of 15 years. It was observed that out 
of the 105 images reconstructed using FBP reconstruction 
method, only 13 images (12.38%) were rated as grade 
4 high-quality images. Hence, the remaining 92 
images were reconstructed using OSEM method of 
reconstruction, which resulted in high-quality (grade 4) 
images. Reconstruction of imaging using OSEM led to 
better lesion detectability compared to FBP in all 92 cases. 
It further demonstrated that the iterations and subsets 
used for reconstruction of an image correlate with the 
A/B ratio. Four iterations and 8 subsets yielded the best 
results in 48.5% of the images, whilst 2 iterations and 8 
subsets yielded the best results in 33.8% [Table 2]. The 
number of reconstructed images which yielded the best 
results with 2 iterations and 8 subsets was the same as or 
more than those with 4 iterations and 8 subsets when the 
A/B ratio was between 0.2 and 0.39. A ratio below 0.2 or 
above 0.39 supported the use of 8 iterations and 4 subsets 
over 8 iterations and 2 subsets. Although less common, 
should the ratio be above 0.69, then 12 iterations and 3 
subsets will provide image qualities of grade 3 and 4 
[Figure 2].

Out of all reconstructed images, OSEM reconstruction 
method led to a significant reduction in bladder 
artifacts when compared to FBP. Images reconstructed 
using FBP method completely differed from images 
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Figure 1: Representative images of pelvic SPECT obtained using 
FBP reconstruction method (a) and OSEM methods (b, c and d). 

Images (b), (c) and (d) were obtained using 2 × 8, 4 × 8 and 3 × 12 
iterations × subsets, respectively. The results clearly demonstrate 

better quality images with OSEM reconstruction

Table 1: Four-point scale for image assessment
Qualitative 
grad

Description Lesion/background 
ratio

Grade 1 Non-diagnostic images
Grade 2 Poor quality images L/B < 1
Grade 3 Adequate quality images L/B = 1
Grade 4 Good quality images L/B > 1

Table 2: Relationship between iterations and subsets 
versus best quality images

Iterations/subsets Number of images rated as best quality
8 × 4 33 (48.53)
8 × 2 23 (33.82)
12 × 3 10 (14.7)
12 × 6 2 (2.94)
Figures in parentheses are expressed in percentage
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reconstructed using OSEM method. The OSEM method 
of reconstruction significantly reduced (P = 0.0001) 
the bladder artifacts in the pelvis in SPECT imaging 
compared to FBP. It improved the uniformity and 
symmetry of bone tracer uptake, and thus optimized 
lesion detectability. The reduction of pelvic bladder 
artifacts in the OSEM reconstructed images was 
independent of diagnosis, age or gender of the patients.

Discussion
SPECT imaging of the pelvis has been well established 
as an important diagnostic test in clinical practice 
for various benign and malignant pathologies. These 
include avascular necrosis (AVN) of the femoral heads, 
metastatic bone disease and osteomyelitis, among others. 
However, two important confounding issues frequently 
limit the accuracy of pelvic bone SPECT, leading to both 
false-positive and false-negative results. Firstly, the 
attenuation of emitted activity due to non-homogenous 
attenuation distribution may result in inconsistent 
projection measurements of the radiotracer distribution. 
As a result of these inconsistent measurements, it is 
possible for streaking artifacts to appear in reconstructed 
images, which may reduce lesion contrast within the 
pelvic region.[1] This effect may be reduced by acquiring 
transmission measurements using an external radioactive 
source and incorporating attenuation compensation into 
the image reconstruction process.

Secondly, during pelvic SPECT acquisition, inconsistent 
projection data are acquired as a result of accumulation 
of activity into the bladder during the data acquisition 
process. When reconstructed with conventional image 
reconstruction procedures such as FBP, image artifacts 
will appear as streaks through the bladder region.[10] The 
extent of these streaks is dependent on both the amount 
of activity accumulating in the bladder as well as the rate 
of accumulation of radioactivity in the bladder. When 
the amount or rate of accumulation is not significant, 
these streaks will not appear as significant. In many 

cases, however, the amount and/or rate of uptake is 
significant and produces streak artifacts. The above-
mentioned artifacts may mask other regions within the 
pelvis, thus possibly affecting lesion detection. They 
may appear as anomalous blobs of apparent activity, 
which may be mistaken for tumors (false positives), 
or as dark shadows, which may hide true lesions (false 
negatives) [6,10] and mimic the photon-deficient regions 
of avascular necrosis.[11] The bladder-filling artifacts that 
occur in pelvic imaging are particularly severe, rendering 
as many as 20% of SPECT scans of this region unusable.[1] 
The following have been suggested as possible solutions.

AC has been shown to improve bone SPECT image 
quality in other regions of the body, such as the cervical 

spine,[3] and to improve lesion detection in thoracic 
SPECT.[6] Positron emission tomography (PET) images 
of the pelvis have also been shown to benefit from 
AC.[12] Unfortunately, AC alone may not be sufficient for 
pelvic SPECT because changing activity in the bladder 
throughout the acquisition contributes to the artifact. 
Catheterization is a possible means of mitigating this 
effect, but it has an associated risk of infection and 
consequently is unattractive for general application.

FBP versus OSEM
FBP has been the standard technique for tomographic 
image reconstruction in clinical nuclear medicine. 
However, FBP can result in the generation of artifacts, 
which mainly consist of streaking and negative counts 
near the borders of hot objects.[11,13] There are myriad 
iterative reconstruction algorithms that can be used as 
alternative reconstruction techniques to FBP. However, 
many of these, such as maximum likelihood expectation 
maximization (MLEM), are computationally intensive 
and have never been used in clinical practice.[14] Various 
methods have been developed to accelerate the speed 

of these algorithms. The most widely used acceleration 
technique is the ordered subset procedure of Hudson 
and Larkin,[9] which resulted in the development of the 
OSEM technique. The OSEM algorithm recently has 

become available on many commercial nuclear medicine 
computer systems and is now being used in routine 
clinical practice.[2,15]

Bladder artifacts in pelvic SPECT are known to be 
caused by the non-uniform attenuating media and 
changing bladder activity,[11] both of which also lead 
to incomplete cancellation of side lobes in FBP, and so 

iterative reconstruction would be expected to reduce the 
magnitude of the artifact. With the availability of faster 
hardware and more efficient iterative reconstruction 
techniques, algorithms such as OSEM are now moving 
from the research environment into routine clinical 

use. It is important to understand the quality control 
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requirements that such algorithms place on imaging 
systems.

Whilst iterative methods of reconstruction have gained 
wide clinical acceptability in relatively newer nuclear 
medicine techniques such as PET, their use for the 
relatively older procedures has not gained wide clinical 
acceptability. The numerous amounts of iterative 
and subsets one must use to get an optimum image 
interrupts the usual work flow in busy nuclear medicine 
department. An index that would reduce the number 
of trials of reconstruction would provide an acceptable 
method and probably encourage the use of OSEM in 
clinical bone SPECT. This study revealed that for A/B 
ratios less than 0.59, the best images would be produced 
by 8 iterations and 4 subsets; as the ratio increases, a 
higher number of iterations (12 × 3) would be required. 
The improvement at higher level is however lost at 
higher iterations and subsets because it accentuates the 
noise, compromising the quality of the images as noted 
with 12 × 6.

Many comparison studies have shown that iterative 
reconstruction outperforms FBP in terms of image 
quality, signal-to-noise ratio, and resolution and 
contrast,[16] and improves lesion detection.[17] It has been 
highlighted that the characteristics of the reconstructed 
images are bound to the chosen number of iterations and 
to the source distribution.[18] Convergence studies have 
shown that the optimal number of iterations depends on 
the statistics of the input scan. The higher the statistics, the 
higher is the number of iterations to be used. The results 
of previous studies aimed at determining the number 
of iterations and subsets enabling the most accurate 
parameter estimation were never validated.[19] The 
optimal number of MLEM equivalent updates (iterations 
× subsets) is object dependent and convergence does 
not occur at the same iteration for the whole image. The 
finding of the most appropriate parameters is even more 
complicated for bladder artifacts. In this study, it was 
found that OSEM shows a clear advantage in the quality 
of the reconstructed image, but there is understandably a 
concern over the price paid in reconstruction time which 
may introduce delays into the daily work flow.

Importantly, this study is the first to report on a 
relationship between A/B ratio and the choice of 
the number of iterations and subsets used for OSEM 
reconstruction. Hence, the results of this study offer 
a huge potential to reduce the reconstruction time by 
selecting either 2 iterations and 8 subsets or 4 iterations 
and 8 subsets when the A/B ratio is between 0.2 and 0.39. 
Four iterations and 8 subsets should be used if the ratio 
is below 0.2 or above 0.39. If confirmed by other authors, 
this methodology would also help in addressing the issue 
of reproducibility and reliability in follow-up studies. 

This can thus be standardized by vendors on various 
work stations. To overcome the reconstruction dilemma, 
the installation of faster hardware or use of a large subset 
size (between 4 and 8) to speed up the reconstruction[20] 
and reduce the processing time will also be of benefit.

These requirements are well known for FBP, and some 
work needs to be done to determine the uniformity 
requirements for algorithms such as OSEM. It has been 
reported previously that in clinical practice, the use of 
iterative reconstruction techniques in place of FBP does 
not appear to alter the basic requirements for good 
gamma camera uniformity. However, the accuracy 
and validity of this information has not been critically 
examined as the results were obtained from limited data 
using a subset size of 1 and 40 iterations were set at 40 (in 
OSEM reconstruction method).[20] The current study also 
did not critically analyze the uniformity requirements for 
the reconstructed methods used having fixed the pixel 
size and the amount of post reconstruction filtering.

Despite the diversity in diagnosis, images reconstructed 
with OSEM method of reconstruction showed the best 
reduction of pelvic bladder artifacts, irrespective of the 
age or gender of the patients, when compared to images 
reconstructed with FBP method of reconstruction. In 
cases where avascular necrosis of the head of femur is 
suspected, very high resolution planar images of the 
region (acquired using a pinhole collimator) have an 
advantage over SPECT pelvic images reconstructed 
using OSEM. In some cases, a simple additional delayed 
(6–24 hours) planar image may result in higher target 
to background ratio and permit better evaluation of the 
pelvis if it was obscured by the bladder, thus excluding 
the need for pelvic SPECT imaging. Hence, the results 
obtained are restricted to comparing the FBP and OSEM 
methods of reconstruction in reducing bladder artifacts, 
when SPECT pelvic imaging is necessary for accurate 
localization and detection of lesion.

To conclude, the bladder-filling artifacts were significantly 
reduced in most patients, and subjective evaluation of 
image quality demonstrated a significant difference 
between OSEM and FBP. Importantly, our study is the 
first to demonstrate the relationship of the bladder to 
acetabulum ratio in guiding the choice of the number of 
iterations and subsets used for reconstruction, which is 
most likely to lead to accurate lesion localization and/
or characterization.
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