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Abstract: Objective: To investigate the impact of reduced SPECT acquisition time on reconstructed 
image quality for diagnostic purposes. Method: Data from five patients referred for a routine bone 
SPECT/CT using the standard multi-bed SPECT/CT protocol were reviewed. The acquisition time 
was 900 s using gating technique; SPECT date was resampled into reduced data sets of 480 s, 450 s, 
360 s and 180 s acquisition duration per bed position. Each acquisition time was reconstructed using 
a fixed number of subsets (8 subsets) and 4, 8, 12, and 16 iterations, followed by a post-reconstruction 
3D Gaussian filter of 8 mm FWHM. Two Nuclear Medicine physicians analysed all images inde-
pendently to score image quality, noise and diagnostic confidence based on a pre-defined 4-point 
scale. Results: Our result showed that the most frequently selected categories for 480 s and 450 s 
images were good image quality, average noise and fair confidence, particularly at lower iteration 
numbers 4 and 8. For the shortened acquisition time of 360 s and 180 s, statistical significance was 
observed in most reconstructed images compared with 900 s. Conclusion: The SPECT/CT can sig-
nificantly shorten the acquisition time with maintained image quality, noise and diagnostic confi-
dence. Therefore, acquiring data over 480 s and 450 s is feasible for WB-SPECT/CT bone scans to 
provide an optimal balance between acquisition time and image quality. 

Keywords: SPECT/CT; bone imaging; acquisition time; image reconstruction; resolution recovery 
 

1. Introduction 
Planar bone scintigraphy (PBS) is commonly utilised to evaluate bone disease in can-

cer patients due to its availability, high sensitivity, and ability to scan the entire body. 
Adding single photon emission tomography/computed tomography (SPECT/CT) as an 
adjunct to the PBS improves anatomical localisation and morphological evaluation of the 
equivocal lesion [1,2]. Technological innovations in SPECT/CT hardware and iterative im-
age reconstruction with attenuation and scatter correction, including resolution recovery, 
have been the most significant developments in recent years, allowing for enhancement 
of the quality of nuclear medicine bone imaging [3–5]. These advancements in SPECT/CT 
devices have made them more favourable than SPECT-only, and widespread adoption 
has strengthened the position of SPECT/CT. 

Recently, the novel approach of whole-body (WB) SPECT/CT has emerged, that en-
tails the acquisition of successive axial fields of view (FOV), also called bed positions [6] 
to cover a longer axial range of the body than the typical 38–40 cm with single FOV 
SPECT/CT. Clinical evidence suggests that WB-SPECT/CT is a helpful tool for evaluating 

Citation: Alqahtani, M.; Willowson, 

K.; Fulton, R.; Constable, C.; Kench, 

P. Transition to Fast Whole-Body 

SPECT/CT Bone Imaging: An  

Assessment of Image Quality.  

Diagnostics 2022, 12, 2938. 

https://doi.org/10.3390/ 

diagnostics12122938 

Academic Editor: Evangelos Terpos 

Received: 10 November 2022 

Accepted: 20 November 2022  

Published: 24 November 2022 

Publisher’s Note: MDPI stays neu-

tral with regard to jurisdictional 

claims in published maps and institu-

tional affiliations. 

 

Copyright: © 2022 by the authors. Li-

censee MDPI, Basel, Switzerland. 

This article is an open access article 

distributed under the terms and con-

ditions of the Creative Commons At-

tribution (CC BY) license (https://cre-

ativecommons.org/licenses/by/4.0/). 



Diagnostics 2022, 12, 2938 2 of 12 
 

 

bone metastases (BM), because it reduces equivocal findings and displays effective per-
formance in contrast to PBS [7–9]. Consequently, WB-SPECT/CT may substitute PBS en-
tirely [10,11]. However, current standard SPECT/CT acquisition time, such as that used 
when performing single FOV SPECT/CT, is usually around 15 min or more [12,13]. This 
could make the total study time prohibitively long if applied directly to WB-SPECT/CT, 
which can require three or more axial FOV [10]. 

Standard bone SPECT/CT protocols, if applied to WB-SPECT/CT, would give an im-
practically long total acquisition time. This adversely affects patient’s comfort resulting in 
motion during imaging. Reduction of SPECT/CT image time would therefore aid the in-
troduction of WB-SPECT/CT into clinical routine by reducing the likelihood of patient 
motion as well as bringing the total study acquisition time down to approximately the 
same as current PBS protocols. In recent studies, fast SPECT protocols have shown prom-
ise on reducing imaging time without loss of diagnostic quality [14,15]. In addition, it is 
possible to substitute “true” PBS with re-projected “synthetic” PBS derived from the WB-
SPECT/CT, as has been done previously with lung imaging [16,17]. Such a workflow al-
lows planar images to be available to aid in clinician reading, which is preferable during 
a transition phase to tomographic only data due to historical familiarity, without the re-
quirement for additional scanning. Therefore, this study aims to investigate the impact of 
reduced SPECT/CT acquisition time on reconstructed image quality.  

2. Materials and Methods 
2.1. Patient Selection 

Approval for the study was obtained from the Northern Sydney Local Health District 
Human Research Ethics Committee (Ref 02150/2020). This retrospective study recruited 5 
patients who were referred for a routine 99mTc-hydroxymethylene diphosphonate (99mTc-
HDP) bone SPECT/CT. The clinical indications included a variety of oncological, infection 
and/or chronic diseases. The study was performed in the Nuclear Medicine Department, 
Royal North Shore Hospital, Sydney, Australia. Of the five patients included in the study, 
the clinical area of interest for two was lumbar/thoracic spine, for another two it was 
knees, and for one the Pelvis. The age range of the patients was 44–89 years. The Patient 
characteristics are shown in Table 1. 

Table 1. Patients’ characteristics. 

Patient Gender 
Age 
(Years) 

Tracer 
Injected 
Dose 
(MBq) 

Diagnosis 

1 F 44 99mTc HDP 841 Cervical spine spondylodiscitis 

2 M 55 99mTc HDP 840 
Degenerative changes with mild 
moderate Osteoplastic activity in 
cervical spine.  

3 F 76 99mTc HDP 881 
Multiple fractures in both tibiae 
and right fibular head 

4 M 89 99mTc HDP 892 
Osteoplastic activity in the left 
Lumber 5/sacrum 1 with degener-
ative change in the hip joints. 

5 M 60 99mTc HDP 864 
Osteoplastic activity with degen-
erative changes  
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2.2. Data Acquisition and Image Gating 
The patients received an intravenous injection of 863.6 ± 20 (mean ± SD) MBq of 99mTc-

HDP. All SPECT data were acquired 2–3 h after injection on a Symbia T16 dual-detector 
SPECT/CT scanner (Symbia T16, Siemens Healthineers, USA) equipped with low-energy 
high-resolution (LEHR) collimators. Data were acquired in opposing configuration with 
a 128 × 128 matrix size, 4.8 mm pixels, 15 s per projection over 360 degrees for a total of 
120 projections, in a non-circular contoured orbit and step-and-shoot mode. A low-dose 
CT scan was obtained for attenuation correction and anatomical localization. CT data 
were acquired with exposure of 130 kV, 10 effective mAs, pitch of 1.5, employing adaptive 
dose modulation (CARE Dose 4D, Siemens Medical Solutions) and reconstructed into 4.8 
mm-thick slices using a smooth reconstruction kernel B31s Siemens Healthcare [18].  

To avoid the need to re-image patients for different acquisition durations, resampling 
of the standard acquired SPECT data into equal time bins was instead utilised. It is possi-
ble to explore the impact of decreased acquisition times by using image gating, which is 
supported by most modern SPECT cameras. This technique has been demonstrated by 
Bailey and Kalemis [19], using an electrocardiography (ECG) simulator as an external trig-
ger to generate non-physiological gating, resulting in essentially identical yet statistically 
distinct partitioned datasets at reduced acquisition time. A more in depth discussion of 
this technique can be found in our previous work [14].  

In our study, the original acquisition time was 15 s per projection angle. We applied 
acquisition gating into 15-time bins of equal duration, therefore each gated time bin cor-
responded to 1 s of acquisition time. This allowed for the generation of ungated data of 
any duration, from 1 s to 15 s per projection, by simple addition of the time bins (Figure 
1). Projection data summing was done using in-house software written in Interactive Data 
Language Program (Research Systems International, Boulder, CO, USA). Using this tech-
nique, data corresponding to projection times of 8, 6, and 3 s could be derived for com-
parison to the full data set acquisition time of 15 s per projection.  

In addition, a second set of raw SPECT projection data was generated with only 60 
projections angles, instead of 120 angles, with 15 s duration per projection, thereby reduc-
ing the total acquisition time by half. This was achieved by discarding every other projec-
tion from the raw data and saving a new dataset. 

 
Figure 1. Process for partitioning and recombining bins into lower acquisition time and the image 
reconstructions utilised at each acquisition period. 
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2.3. Image Reconstruction 
The SPECT acquisition data were sent back to the Siemens system for reconstruction 

after being summed to different acquisition times. All images in this study were recon-
structed using a fixed number of subsets (8 subsets) and 4, 8, 12, and 16 iterations, followed 
by a post-reconstruction 3D Gaussian filter of 8 mm FWHM. For every patient the follow-
ing datassets were analysed (Figure 1):  
(1) Reference: full acquisition time (15 s per projection) reconstructed with a total of 120 

views (60 stops) resulted in a total acquisition time of 900 s. 
(2) Reduced acquisition of 8, 6, and 3 s per projection angle with a total of 120 views (60 

stops) resulted in a total acquisition time of 480, 360 and 180 s, respectively. 
(3) Full acquisition duration (15 s per projection) with a total of 60 projections (30 stops) 

resulted in a total acquisition time of 450 s.  
SPECT data of varying acquisition times were reconstructed using the 3D Ordered 

Subset Expectation Maximization (OSEM) algorithm (Siemens Healthiness, USA). This al-
gorithm applies resolution recovery (RR) using a distance-dependent 3D Gaussian colli-
mator-detector model, attenuation correction (AC) based on a CT-derived linear attenua-
tion map, and scatter correction (SC) using scatter window subtraction (dual energy win-
dow approach).  

This resulted in a total of 100 images for evaluation, 20 for each patient. For the sake 
of simplicity, the equivalent total acquisition time for the five acquisition protocol strate-
gies using 15 s-120 projections (reference data), 8 s-120 projections, 15 s-60 projections, 6 
s-120 projections, and 3 s-120 projections is referred to as 900 s, 480 s, 450 s, 360 s, and 180 
s, respectively, in the rest of this paper. 

2.4. Clinical Image Quality Assessment 
All 100 clinical studies were reconstructed, and then the images were divided into 

five batches (20 images/batch) for comparison. Each batch corresponds to only one acqui-
sition time but contained all five patients and all four reconstructions. The images were 
presented in random order. Two senior NM specialists’ physicians were engaged to read 
the clinical images. Each data set was anonymised such that the readers were blinded to 
patient identifiers, acquisition time and the reconstruction method applied. Using a 4-
point scale (Table 2), the readers independently evaluated the image quality, image noise 
and diagnostic confidence of the SPECT/CT data. Data sets were viewed using multipla-
nar (transverse, coronal, and sagittal) reformatted sections. The reading sessions were sep-
arated by days to minimise the possibility of remembering the presented images from the 
previous session. All clinical images were displayed to the readers using medical image 
viewers by MIM (MIM Software Inc, Cleveland, OH, USA) and Syngo.Via, version VB10 
(Siemens Healthcare Software, Erlangen, Germany). An example of a reader’s subjective 
image quality grading is demonstrated in Figure 2. 

Table 2. 4-point Likert scale for subjective SPECT/CT image quality. 

 Image Quality Image Noise Diagnostic Confidence 
1 Unacceptable Excessive noise Not confident 
2 Acceptable Moderately increased Slightly confident 
3 Good Average noise Fairly confident 
4 Excellent Low image noise Highly confident 
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Figure 2. An example of subjective image quality. The image quality scores of 4, 3, 3, 2 and 1 were 
given to the reference images-900 s, 480 s, 450 s, 360 s and 180 s, respectively. 

2.5. Statistical Analysis 
Due to the non-parametric nature of the data, the Kruskal–Wallis test was performed 

to test for statistically significant variations in the image evaluation scores between all five 
different acquisition times. Following the Kruskal–Wallis test, a post hoc multiple com-
parison test was also used to see where the major variations were [20]. A p value less than 
0.05 was considered significant. All statistical evaluations were performed with GraphPad 
Prism 9.0 Software (GraphPad Software, San Diego, CA, USA). 

3. Results 
3.1. Clinical Image Quality Assessment 

The subjective image quality was evaluated using a 4-point scale covering three as-
pects: image quality, image noise and diagnostic confidence. The image quality, image 
noise and diagnostic confidence scores for all images grouped by acquisition times of 900 
s, 480 s, 450 s, 380 s and 180 s were compared and were found to be significantly different 
(all p < 0.001).  

Tables 3–5 represents the results when comparing image quality scores, image noise 
scores, and diagnostic confidence scores for clinical data of varying acquisition duration 
(900 s, 480 s, 450 s, 360 s, 180 s), all reconstructed with 4, 8, 12 and 16 iterations, 8-subsets 
and 8 mm FWHM 3D Gaussian filter.  

Table 3. Image quality scores by 4-point Likert scale across 2 readers for different acquisition 
times. 

Iterations 
Number 

Reference 
Images-900 

s 
480 s 450 s 360 s 180 s All  

Mean ± SD  
Mean ± 

SD 
p Values 

(1) 
Mean ± 

SD 
p Values 

(1) 
Mean ± 

SD 
p Values 

(1) 
Mean ± 

SD 
p Values 

(1) 
p Values 

(2) 

4 3.50 ± 0.52 3.10 ± 
0.73 

0.79 2.80 ± 0.63 0.097 2.30 ± 
0.82 

0.011 * 1.70 ± 82 <0.001 * <0.001 * 

8 3.20 ± 0.63 
2.90 ± 
0.73 0.86 2.60 ± 0.51 0.18 

2.00 ± 
0.47 0.001 * 

1.50 ± 
0.52 <0.001 * <0.001 * 
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12 2.90 ± 0.31 
2.40 ± 
0.69 

0.18 2.60 ± 0.51 0.55 
2.00 ± 
0.47 

0.005 * 
1.50 ± 
0.52 

0.001 * <0.001 * 

16 2.70 ± 0.67 
2.50 ± 
0.52 

0.73 2.50 ± 0.52 0.73 
2.00 ± 
0.81 

0.054 
1.60 ± 
0.51 

0.014 * 0.004 * 

The mean value ± SD represents the mean score of 5 patient’s images, and two readers scored each 
image. p values * (1); Significance value for each acquisition time compared to the reference images 
900 s (all reconstructed with identical parameters). p values * (2); Significance value for all five acqui-
sition times group. 

Table 4. Image noise scores by 4-point Likert scale across 2 readers for different acquisition times. 

Iterations 
Number 

Reference 
Images-900 

s 
480 s 450 s 360 s 180 s All  

Mean ± SD  Mean ± 
SD 

p Values 
(1) 

Mean ± 
SD 

p Values 
(1) 

Mean ± 
SD 

p Values 
(1) 

Mean ± 
SD 

p Values 
(1) 

p Values 
(2) 

4 4.00 ± 0.00 
3.30 ± 
0.48 0. 012 * 3.10 ± 0.56 0.004 * 2.30 ± 0.82 <0.001 * 

2.00 ± 
0.81 <0.001 * <0.001 * 

8 3.60 ± 0.69 
3.10 ± 
0.56 

0.429 3.15 ± 0.73 0.542 2.40 ± 0.84 0.021 * 
1.60 ± 
0.51 

<0.001 * <0.001 * 

12 3.60 ± 0.69 2.90 ± 
0.56 

0.131 3.10 ± 0.87 0.638 2.40 ± 0.69 0.021 * 1.70 ± 
0.48 

0.002 * <0.001 * 

16 3.40 ± 0.69 
2.70 ± 
0.48 0.143 2.80 ± 0.63 0.320 2.20 ± 0.91 0.051 

1.70 ± 
0.48 0.002 * <0.001 * 

The mean value ± SD represents the mean score of 5 patient’s images, and two readers scored each 
image. p values * (1); Significance value for each acquisition time compared to the reference images 
900 s (all reconstructed with identical parameters). p values * (2); Significance value for all five acqui-
sition times group. 

Table 5. Diagnostic confidence scores by 4-point Likert scale across 2 readers for different acquisi-
tion times. 

Iterations 
Number  

Reference 
Images-900 

s 
480 s 450 s 360 s 180 s All  

Mean ± SD  
Mean ± 

SD 
p Values (1) 

Mean ± 
SD 

p Values (1) 
Mean ± 

SD 
p Values 

(1) 
Mean ± 

SD 
p Values (1) p Values (2) 

4 3.70 ± 0.48 3.10 ± 
0.56 

0.125 3.20 ± 0.78 0.458 2.50 ± 0.70 0.003 * 1.90 ± 
0.87 

<0.001 * <0.001 * 

8 3.30 ± 0.67 3.10 ± 
0.73 

0.968 3.00 ± 0.47 0.777 2.50 ± 0.70 0.115 1.60 ± 
0.51 

<0.001 * <0.001 * 

12 3.40 ± 0.51 
2.90 ± 
0.87 0.546 3.00 ± 0.81 0.690 2.30 ± 0.67 0.006 * 

1.80 ± 
0.91 0.002 * <0.001 * 

16 3.10 ± 0.56 
2.80 ± 
0.63 

0.798 2.90 ± 0.73 0.959 2.10 ± 0.87 0.082 
1.80 ± 
0.63 

0.006 * <0.001 * 

The mean value ± SD represents the mean score of 5 patient’s images, and two readers scored each 
image. p values * (1); Significance value for each acquisition time compared to the reference images 
900 s (all reconstructed with identical parameters). p values * (2); Significance value for all five acqui-
sition times group. 

3.1.1. Image Quality 
Table 3 shows the mean and standard deviation of image quality scores on a 4-point 

Likert scale among two readers at varied acquisition times. Different acquisition times of 
900 s, 480 s, 450 s, 360 s and 180 s with 4, 8, 12, and 16 iterations were observed. It was 
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discovered that the number of iterations and the score value were inversely proportional. 
With 4 and 8 iteration numbers, the 480 s scored higher and had superior image quality 
than the other two shorter time acquisitions of 360 s and 180 s (all p < 0.05). In contrast, 
there was no significant difference between 900 s and 480 s, and there was also no big 
variation among 480 s and 450 s (Supplementary Materials Table S1). However, the scor-
ing results showed that 480 s had a superior grading level than 450 s (full acquisition timer 
per projection but lower number of projections), particularly at lower iteration numbers 4 
and 8. 

3.1.2. Image Noise 
The image noise scores for 900 s, 480 s, 450 s, 360 s and 180 s with 4, 8, 12, and 16 

iterations, are shown in Table 4. There was a reduction in noise with increased acquisition 
time. With 4 and 8 iteration numbers, 480 s and 450 s showed improvement and had less 
noise than the other two shorter time acquisitions of 360 s and 180 s. However, at 4 itera-
tions, there was a significant difference between 900 s and 480 s (p = 0. 012) and between 
900 s and 450 s (p = 0. 004). In addition, significant differences were observed between 900 
s and 360 s and between 900 s and 180 s regardless of the number of iterations, focusing 
on the image noise response analysis for the readers (Supplementary Materials Table S2). 

The reader’s perception of noise increased as the number of iterations increased (4, 8, 
12, and 16 iterations). Therefore, the noise level at a lower iteration number of 4 and 8 
yielded higher scores value with average noise score category for 480 s and 450 s. On the 
other hand, the noise grading level with very low acquisition times of 360 s and 180 s 
ranged between moderate and excessive noise categories. 

3.1.3. Diagnostics Confidence 
Table 5 shows diagnostic confidence scores on a 4-point Likert scale for two readers 

at varied acquisition times. Diagnostic confidence ratings of 900 s 480 s and 450 s were 
considerably higher than those with shorter acquisition times. In contrast, there was no 
significant difference between reference images 900 s and 480 s (all p > 0.12), and there was 
also no significant variation between reference 900 s images and 450 s (all p > 0.45) (Sup-
plementary Materials Table S3). 

The mean and standard deviation scores of combined iteration number (20 images) 
evaluated by two readers for image quality, image noise, and diagnostic confidence is 
shown in Figure 3. When comparing the grading between 900 s and 480 s and between 480 
s and 450 s, there were only minimal differences in all three quality responses. To further 
our understanding of the significance of the change between the number of iterations, the 
result was evaluated individually for each reader (Supplementary Materials Table S4). In 
general, both readers were consistent in their grading between different iteration num-
bers. Therefore, there was no statistically significant difference between data recon-
structed with varying iterations for a given acquisition duration. 

 
Figure 3. Bar plots showing the mean values and standard deviations of the clinical readings for 
each reader at different acquisition protocol strategies for the three-quality assessment (image qual-
ity, image noise and diagnostic confidence. 
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4. Discussion 
This study evaluated different acquisition durations and iterative reconstruction pa-

rameters by specialists’ review with the ultimate objective of determining the shortest ac-
quisition time for diagnostic WB bone-SPECT/CT without significantly compromising im-
age quality, noise and diagnostic confidence. We used a standard multi-bed bone 
SPECT/CT protocol as a reference. Overall, the experimental scheme for image quality, 
noise and diagnostic confidence resulted in significant differences between very low ac-
quisition times of 360 s and 180 s with 900 s (p < 0.05) with the exception of the diagnostic 
confidence at 8 iterations (p = 0.11) and image quality, noise and diagnostic confidence at 
16 iteration (all p > 0.05). In addition, the most frequently selected categories for 480 s and 
450 s images were good image quality, average noise and fairly confidence, particularly 
at lower iteration numbers 4 and 8, with no statistically significant difference between the 
two acquisition times. Furthermore, the findings in the current study showed that reduc-
ing scanning time by approximately 50% (when compared to the current clinical protocol) 
did not significantly influence image quality, noise or diagnostic confidence. Therefore, 
using 480 s and 450 s with a low number of iteration (4–8) could be feasible for WB-
SPECT/CT bone scan.  

As expected, compared to the reference images-900 s, the variant increased with a 
lower acquisition time of 360 s and 180 s. Readers 1 and 2 scored a decrease in image qual-
ity level with reduced acquisition time for images reconstructed using 360 s and 180 s with 
different iteration numbers, compared to 900 s, with an average of 35% and 48% for reader 
1 and 30% and 49% for reader 2, respectively (Figure 3). On the other hand, when the 
acquisition time is reduced to 480 s, the image quality score slightly decreases with an 
average of 11% for both readers. In contrast, when only half the projections are acquired 
at full frame duration, resulting in a total acquisition time of 450 s, the first reader scored 
lower than the second reader, with an average of 18%. However, the second reader gave 
480 s and 450 s almost similar average values at 11%, yet there was no significant differ-
ence between readers. 

The increased noise level was observed by both readers for the images with very low 
acquisition times of 360 s and 180 s, compared to the 900 s, with an average of 31% and 
47% for reader 1 and 40% and 56% for reader 2, respectively. On the contrary, when the 
acquisition duration is reduced to 480 s, the average image noise score reduces by 14% 
and 21% for readers 1 and 2, respectively (Figure 3). However, there were no significant 
variations across readers. The diagnostic confidence level decreased with an average of 
13% and 9% at 480 s for reader 1 and reader 2, respectively, and only a slightly lower level 
of an average of 12% and 8% for 450 s for reader 1 and reader 2, respectively, when com-
pared to the 900 s. 

Although there was no statistically significant difference between data reconstructed 
with varying numbers of iterations for a given acquisition duration (Supplementary ma-
terial Table S4), there was a substantial difference observed between low acquisition times 
of 360 s and 180 s and the reference images-900 s. Low statistical counts of 360 s and 180 s 

indicate an increase in noise levels, hence degrading image quality and diagnostic confi-
dence. In contrast, longer acquisition times yield more clear and diagnostic images (Figure 
4).  
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Figure 4. The top two rows show SPECT images, and the bottom two rows show SPECT/CT images 
from left to right reference images-900 s, 480 s, 450 s, 360 s and 180 s, respectively. All reconstructions 
used 4 iterations, 8 subsets, and an 8 mm Gaussian filter. 

Consistent with our result, a previous study [14] showed the sphere’s deformation 
became more apparent with the short acquisition time using NEMA IEC Body phantom 
with irregularly shaped lesion simulating inserts. In our study, the high noise induced by 
low counts in images at 360 s and 180 s was the principal cause of poor image quality. A 
previous study have shown that “active bone lesions will be visible even at very low scan 
duration, although this may not be the case for lesions with a lower uptake or degenera-
tive changing diseases” [14]. Therefore, SPECT/CT images produced with a short acquisi-
tion duration may have difficulties detecting these lesions. In addition, in the current 
study the NM specialists prefer the lower number of iterations because of the noise am-
plification increased with increasing iteration number (Figure 5). However, it should be 
considered that the physician reader preferences also play a part in determining the opti-
mal balance of image reconstruction against noise levels when acquisition time is reduced. 

480s Reference images-900s  450s 360s 180s 
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Figure 5. Example for SPECT images at different iteration number in different acquisition time. This 
patient had Osteoplastic activity in the left Lumbar 1/sacrum 1. 

In the present study, all images were reconstructed with RR. Several studies have 
highlighted the potential of utilising the RR method to enhance SPECT image quality dur-
ing iterative reconstruction. For example, Thientunyakit et al. [21] evaluated the diagnos-
tic performance of multiplanar pelvic bone scan and half-time SPECT in patients diag-
nosed with severe bladder artefacts. They reported that the diagnostic certainty with 
which equivocal pelvic lesions were interpreted significantly improved in comparison to 
multiplanar imaging; additional advantages were reported, including that the staff were 
exposed to lower radiation dosage and the scan duration was reduced. Borges-Neto et al. 
[22] conducted phantom and clinical investigations and demonstrated that RR can gener-
ate comparable image quality with lower scan periods. Aldridge et al. [23] study of image 
quality in half-time imaging in parathyroid and bone SPECT/CT is consistent with our 
findings. They discovered that using 3D RR for image reconstruction reduced acquisition 
time by 10–15 min without compromising image quality. 

A recent study by Kapsoritakis et al. started implementing WB-SPECT/CT protocol 
and omitting PBS in their routine practice with the high suspicion of metastatic disease 
and obese patients. In this study, their findings showed that WB-SPECT/CT had a diag-
nostic superiority over PBS. As a result, they recommended the WB-SPECT/CT protocol 
for all oncology patients [24]. However, the process was time-consuming as the acquisi-
tion time by 15–20 min per bed position. By shortening the SPECT acquisition time dura-
tion, WB-SPECT/CT can be introduced into clinical practice. Our findings showed a sig-
nificant reduction for the acquisition time to 7.5–8 min per bed position with maintaining 
image quality, noise and diagnostic confidence.  

The primary limitation of this study was the single site clinical setting and small sam-
ple size. However, despite the relatively small number of patients, we have demonstrated 
a significant difference between images in different acquisition durations with scoring 
trends that remained consistent across all studies. In addition, only two readers partici-
pated in the evaluation of image quality, noise and diagnostic confidence. This study laid 
the foundation for further large-scale research to explore the same experiments in multiple 
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centers using various types of dual head SPECT/CT scanners and with the participation 
of numerous readers. 

5. Conclusions 
Overall, the current study demonstrated that reducing scanning time by approxi-

mately 50% of the typical clinical imaging protocol for bone SPECT/CT did not signifi-
cantly influence image quality, noise and diagnostic confidence as scored by two experi-
enced NM physicians. Therefore, we propose using 480 s or 450 s and low iterative OSEM 
reconstruction (e.g., 4–8 iterations, including AC, SC and RR) as a feasible approach to 
WB-SPECT/CT bone studies to maintain diagnostic confidence in line with patient com-
fort and clinical throughput. 

Supplementary Materials: The following supporting information can be downloaded at: 
www.mdpi.com/article/10.3390/diagnostics12122938/s1, Table S1. Image quality assessment, p 
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