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Abstract

Original Article

Introduction

Positron emission tomography/computed tomography (PET/CT) 
system is an essential diagnostic tool in oncology that serves 
various purposes including diagnosis, staging, restaging, 
prognosis, and therapeutic monitoring. In clinical practice, 
standardized uptake value  (SUV) is widely employed in 
clinical practice as a diagnostic and prognostic metric.[1,2] 
However, there are various factors causing measurement 
errors in clinical practice, as discussed extensively in.[3‑5] These 
factors can be divided into two categories: biologic factors 
and physical/technological factors. PET systems in hospitals 
vary in technology with a variety of systems installed. Even 

within the hybrid PET/CT period, some scanners have been 
in use for more than 15 years, while others incorporate the 
latest state‑of‑the‑art hardware and software technologies. 
In addition, hospitals may adopt different acquisitions and 
reconstruction parameters to maximize lesions detectability 
based on their scanner’s technological capabilities.[3.6,7] The 
evolution of technologies enhanced the diagnostic capabilities 
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of PET scanners. Nonetheless, the variety of available 
technologies, both in terms of hardware and software, has 
resulted in variations in image quality and SUV quantifications 
which are dependent on the scanner technologies and methods 
of reconstruction used.[2,8,9] The limited spatial resolution of PET 
scanners affects the quantification of small size lesions caused 
by partial volume effect  (PVE). This effect interrupts SUV 
quantification, specifically in lesions sizes that are smaller than 
three times the spatial resolution of PET scanner.[10] PVE can 
be minimized by implementing time‑of‑flight (TOF) data and 
point spread function (PSF) correction for resolution recovery 
in newer PET/CT scanners.[11] These approaches are possible 
due to the development of fast scintillators such as lutetium 
oxyorthosilicate and lutetium‑yttrium oxyorthosilicate, which 
allow for the measurement of TOF‑the difference in the time 
of arrival of the two annihilation photons.[12] The TOF data are 
converted into a Gaussian distribution of the probability of the 
annihilation position along the line of response, which improves 
the signal‑to‑noise ratio (SNR) in PET images.[12‑16] Although 
the PSF corrections improve the resolution and uniformity of 
PET images, it can result in an upward bias of the maximum 
SUV (SUVmax). This is due to the higher variance at the voxel 
level which causes over‑enhancement of sharp transitions at 
lesion margins, resulting in edges enhancement known as the 
Gibbs artefact.[17,18] The heterogeneity in PET quantification 
metrics, particularly SUVmax and mean SUV (SUVmean), is 
extremely important, especially in clinical trials or multicenter 
studies that utilize these metrics.[7] To optimize the performance 
of the PET/CT system which involves achieving better 
image quality and more accurate SUV quantification, it is 
necessary to fine‑tune the reconstruction parameters.[19] In 
2018 the European Association of Nuclear Medicine (EANM) 
recommended a SUV harmonization approach that involves 
reconstructing two datasets: an European Association Research 
Ltd (EARL)‑approved reconstruction setting that meets 
standardized performance specifications for quantitative 
assessment, and an additional reconstruction optimized for 
optimal visual assessment to maximize lesion detectability 
for qualitative interpretation.[1,20] To ensure the accuracy of 
quantitative evaluations, SUV recoveries obtained from the 
first dataset must remain within the recovery coefficient (RC) 
bandwidths established by EARL. As modern PET/CT system 
progress, it has been proposed to update the EANM/EARL 
recommendations to reflect these advancements.[21] Scanner 
optimization ensures maximum accuracy in quantitative 
imaging for individual PET/CT systems, while harmonization 
focuses on reproducibility across scanners, enabling consistent 
comparisons essential for multi‑center studies. Balancing these 
ensures both high performance and reliable, standardized 
results.

The objective of this study was to find the optimal reconstruction 
parameters for the Discovery 710 PET/CT system to identify 
reconstruction parameters that optimize precise SUV 
determination without compromising image quality while 
using the combined TOF  +  PSF algorithm. The study’s 

purpose is to optimize the number of iterations, subsets, 
postfilterings, and matrix sizes, as these variables have a 
significant impact on the qualitative and quantitative aspects 
of (18F) fluorodeoxyglucose (FDG) PET imaging.

Materials and Methods

The phantoms utilized, along with the filling procedures 
employed, were consistent with the image quality quality 
control (QC) measurement guidelines established by EANM/
EARL.[1,20]

Phantoms
Jaszczak flood phantom
In the current work, a cross‑calibration factor was investigated 
to assess the concordance of activity concentrations  (kBq/
ml) between the estimated activity concentrations values 
derived from PET images using a PET scanner and the 
predicted values measured by a dose calibrator. A  solution 
of (18F) FDG (37 MBq, as measured by the dose calibrator) 
was added to a flood phantom with interior dimensions of 
8.5 “diameter  ×  7.32” height  (21.6  cm  ×  18.6  cm) and a 
precisely known volume of 6.9 L. The phantom was then filled 
with water, yielding a solution with exactly defined activity 
concentration. A  two‑bed acquisition of the phantom was 
performed, and the raw data of PET‑phantom images were 
reconstructed using attenuation and scatter correction settings 
identical to those employed in patient studies.

Upon completion of the images reconstruction, the 
SUVmean (kBq/ml) was determined by defining a region of 
interest (ROI) on one transverse slice with a diameter at least 
3  cm smaller than the diameter of the uniform cylindrical 
phantom and then copying that ROI, to all consecutive 
transverse slices (except the first and last slice). The average 
of mean SUVs for all ROI’s throughout the phantom was 
calculated as measured by the PET scanner. To calculate the 
cross‑calibration factor, the average activity concentration 
of the phantom PET images measured with the PET scanner 
was divided by the activity concentration measured with 
the dose calibrator at the start of the phantom filling. The 
cross‑calibration factor was found to be 0.91, which is aligned 
with.[22] Furthermore, the clocks of the PET acquisition 
workstation and the dose calibrator were synchronized.

NEMA body phantom
The NEMA body phantom had a background compartment 
with a volume of 9.7 L and equipped with six fillable spheres 
had different inner size diameters ranging from 10, 13, 17, 
22, 28, and 37  mm. At the start of the measurements, the 
background compartment and spherical inserts were filled 
with (18F) FDG solutions containing 2.0 and 20 kBq/mL of 
activity, respectively. As a result, the sphere‑to‑background 
ratio was 10‑1. The current study utilized phantom imaging 
procedures by positioning the phantom on the PET/CT table 
and aligning it using a CT laser marker in accordance with the 
NEMA NU 2–2007 guidelines.
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Positron emission tomography/computed tomography 
scanners
For the imaging procedures, a PET/CT Discovery 710–GE 
Healthcare (Milwaukee, WI, USA) was used, in accordance with 
the current EANM/EARL guidelines for (18F) FDG image quality 
QC phantom imaging.[23,24] The data acquisition and images 
reconstruction were performed using the software implemented 
in the Discovery 710 PET/CT Advantage Workstation Volume 
Share 5 (AW 4.6) release. The technical specifications of the PET/
CT Discovery 710 system are found in Table 1.[25]

Acquisitions and reconstruction parameters
To analyze NEMA phantom, a routine quantitative whole‑body 
PET/CT scans were performed in a two bed position for 
10 min, which including a low‑dose CT scan for attenuation 
correction and localization purposes. To determine the optimal 
reconstruction parameters for image quality enhancement, 
the study investigated various numbers of iterations, subsets, 
Gaussian filters, and pixel sizes. Prior studies revealed that two 
or three iterations were sufficient to compromise and achieve 
optimal SNR.[26] A fully 3D Maximum‑Likelihood Ordered 
Subset Expectation Maximization (3D ML‑OSEM) algorithm 
was utilized for images reconstruction with all corrections 
applied. The images were reconstructed using the (Vue Point 
FX + Sharp IR) 3D‑OSEM + TOF + PSF. The two matrices 
sizes had the following specifications: a diagonal size of 39, 

pixel sizes of 2.73, and 3.64 mm and voxel sizes of 6.1 and 
8.1 mm3, respectively. In addition, postreconstruction filters 
with full width at half maximum (FWHM)  ranging from 4 mm 
to 10 mm, in increments of 0.5 mm, were used, as detailed 
in Table 2.

Data analysis
In this work, the analysis of PET/CT reconstructed images 
was performed using a GE Healthcare Advantage Workstation. 
The software’s processing tools were employed to delineate 
the percentage of volume of interest at 50% (VOI 50%) on 
PET images for each sphere, using the predefined XY plane. 
To ensure consistency, the reconstructed PET slice with the 
largest diameter among all spheres was selected to adjust the VOI 
50% measurements. Following the image quality assessment 
guidelines outlined by NEMA NU 2‑2007, the SUVmax and 
SUVmean were determined for all spherical inserts. The SUVs 
values for the six spherical inserts were determined based on 
the 50% background‑corrected isocontour VOI  (SUVmean) 
and the maximum voxel value included in the VOI (SUVmax). 
For the SUVbackground, for each sphere, a six ROIs of fixed 
dimensions (diameters equal to the physical inner diameter of the 
spheres) were defined. They were placed in regions that did not 
contain any hot sphere, and they were not allowed to intersect. 
Taking the mean SUV of 6 ROIs for each sphere resulted in the 
SUVbackground used for RC calculation. SUVmean incorporates 
information from multiple voxels, making it less sensitive to 
image noise. However, it is subject to intra‑and inter‑observer 
variability. On the other hand, SUVmax represents the highest 
voxel value within the VOI and is independent of VOI definition; 
nonetheless, it is more susceptible to noise.[4]

Quantitative analysis
The RC was used as a quantitation method to investigate the 
effect of the investigated reconstruction parameters on SUVs 
measurements of hot spherical inserts in reconstructed images. 
The RC is defined as follows:[23]

  
 

  
 

SUV Measured in sphere
Measured SUV backgroundRC
SUV Calculated in sphere
Calculated SUV background

−

=
−

where

 (SUVmeasured, measured [max and mean] activity concentration 
in (kBq/ml) obtained from the reconstructed PET images of 
phantom).

(SUVcalculated, true activity concentration in [kBq/ml] determined 
by dose calibrator during filling of spherical inserts).

Measured SUVbackground, mean activity concentration in (kBq/ml) 
measured from the reconstructed PET images of background 
compartment of NEMA phantom.

Calculated SUVbackground, mean activity concentration in (kBq/ml) 
measured from the dose calibrator during filling of phantom 
background.

Table 1: Technical characteristics of discovery 710 
positron emission tomography/computed tomography 
scanner

PET detector Specifications
Gantry dimensions (cm) 192×226.1×140
Weight (kg) 4916
Patient port (cm) 70
Scintillator material LYSO
Scintillator dimensions (mm) 4.2×6.3×25
Crystal array per block 9×6
Number of detector rings 24
Number of crystals per ring 576
Number of crystals 13,824
Number of PMTs 1024 (256 quad‑anode)
Number of image planes 47
Vertical travel (cm) 2.5–20.5 below the isocenter
Acquisition modes 3D, 4D
Coincidence window (ns) 4.9
Lower energy threshold (keV) 425
Maximum axial coverage (cm) 170–200
Axial field of view (cm) 15.7
Trans‑axial field of view (cm) 70
Slice overlap User defined 1–23, minimum 

recommendation 5 (10% 
overlap)

Image matrix sizes 128×128, 192×192, 256×256
Transmission source CT attenuation correction
LYSO: Lutetium‑yttrium oxyorthosilicate, PET: Positron emission 
tomography, 3D: Three‑dimensional, 4D: Four‑dimensional, 
CT: Computed tomography, PMTs:Photo-multiplier tubes 
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The RCs reference bandwidths specified by EANM/EARL 
for RCmean and RCmax as a function of different sphere 
sizes (mm) were the main standard ranges used to evaluate 
the RCs plots.[20,27] To evaluate the RCs performance of the 
investigated reconstruction parameters, they were compared 
to the recommended RCs specifications provided by EARL2, 
as shown in Table 3.

Visual analysis
In addition to the quantitative analysis, visual analysis of the 
RCs curves was used to identify any abnormal behavior, such 
as Gibbs artifacts. The optimal reconstruction parameters were 
selected based on their RCmean and RCmax performance.

Selection of optimizing reconstruction parameters
The RCmean and RCmax of the reconstructed phantom images 
were plotted versus spheres sizes. The optimum reconstruction 
parameters were selected based on the analysis of the 
quantitative characteristics and the visual appearance of the 
RCs curves at various reconstruction parameters. Furthermore, 
the bandwidth of RCs should be consistent with the current 
EARL specification limits, and optimizing RCs curves should 
not demonstrate significant overshoots (upward bias) due to 
Gibbs artifacts.[20,23]

Results

According to the specifications established by EARL/
EANM,[28] this study aimed to assess the impact of iterations, 
subsets, postfilterings, and matrix sizes on the RCs of various 
sphere sizes as follows:

Quantitative analysis
The Discovery 710 PET/CT system was optimized by 
investigating four different reconstruction parameters groups, 
as shown in Table  2. Figures  1‑16 shows the RCs curves, 
demonstrating the correlation between RCmax, RCmean, and 
various sphere sizes.

During this investigation, it was found that various combinations 
of the investigated reconstruction pentameters had almost 
identical effects on RCmax. This effects resulted in fewer 
distinct behaviors on certain RCmax curves. The following 
details provide a comprehensive overview for these findings:

First, when 2 iterations, 18 subsets, and a matrix size of 
192  ×  192 were utilized, postfilterings 6.4, 6.5, and 7  mm 
produced similar RCmax values.

Second, for 2 iterations, 24 subsets, and a matrix size of 
192 × 192, postfilterings 5.5 and 6 mm produced comparable 
RCmax values.

Moving on to 3 iterations, 18 subsets, and a matrix size of 
192  ×  192, postfilterings 6 and 6.5  mm exhibited similar 
RCmax values.

Finally, with 3 iterations, 24 subsets, and a 192 × 192 matrix 
size, postfilterings 6, 7, and 8 mm had similar RCmax values.

These findings shed light on the relationship between iterations, 
subsets, postfilterings, matrix sizes, as well as their influences 
on RCmax.

Postfiltering effect
The effect of postfiltering on the RCs of spheres with various 
sizes was found to be significant. The present work showed 
that at postfiltering 4  mm, there was an overestimation/
overshooting in the RCs values for sphere sizes of 13, 17, 
and 22  mm, as shown in Figure  17. In ideal status, as the 
spheres size decreased, its RCs values decreased consistently. 
However, the deviation from ideal status was observed at 
postfiltering 4 mm due to the presence of the overshooting. 
This overshooting resulted in unexpected fluctuations in the 

Table 2: The reconstruction parameters for phantom‑analyzed images

Groups Recon parameters

Iteration number Subset number Matrix size Algorithm Z‑axis filter Postfiltering range (mm)
Group 1 2 18 192×192 OSEM+PSF+TOF Standard 4:10

2 18 256×256 OSEM+PSF+TOF Standard 4:10
Group 2 2 24 192×192 OSEM+PSF+TOF Standard 4:10

2 24 256×256 OSEM+PSF+TOF Standard 4:10
Group 3 3 18 192×192 OSEM+PSF+TOF Standard 4:10

3 18 256×256 OSEM+PSF+TOF Standard 4:10
Group 4 3 24 192×192 OSEM+PSF+TOF Standard 4:10

3 24 256×256 OSEM+PSF+TOF Standard 4:10
OSEM: Ordered subset expectation maximization, PSF: Point spread function, TOF: Time‑of‑flight

Table 3: The recommended standardized uptake value 
recovery coefficients for 18F based on the EARL 2 
recovery coefficient max/mean recovery coefficient 
specifications[28]

IEC phantom spheres 18F standards 2 RCs

Diameter (mm) Volume (mL) Maximum Mean
37 26.52 1.05–1.29 0.85–1.00
28 11.49 1.01–1.26 0.82–0.97
22 5.57 1.01–1.32 0.80–0.99
17 2.57 1.00–1.38 0.76–0.97
13 1.15 0.85–1.22 0.63–0.86
10 0.52 0.52–0.88 0.39–0.61
RCs: Recovery coefficients, IEC: International Electro-technical 
Commission 
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RCs values rather than a consistent decrease with decreasing 
the spheres sizes. The overestimation and/or overshooting 
phenomenon mainly occurred in the RCs of large spheres due 
to the presence of Gibbs artifacts. Furthermore, these artifacts 
affected the RCs of small spheres, but they compensated for 
the loss in the RCs values that caused by the PVE. Compared 
to RCmean, the overestimations/overshootings had a more 
pronounced effect on RCmax. Furthermore, higher postfiltering 
values increased the degree of PVE and caused blurring in 
small‑sized spheres due to the limited spatial resolution of PET 
scanner, as illustrated in Figure 18. High postfiltering values 
mitigated the overestimation and overshooting in RCs of large 
spheres. This meant that higher postfiltering values resulted 
in a better RCs quantification for large spheres. However, for 
small‑sized spheres, further increasing in postfiltering values 
resulted in a decrease in their RCs, as depicted in Figure 17, 
at postfiltering 10 mm. The size of the postfilter had a greater 

effect on the image quality and RCs quantification of various 
spheres sizes, as demonstrated in Figure 18. High postfiltering 
resulted in stronger smoothing but increased image blurring. In 
contrast, small postfiltering values allowed the filter to consider 
fewer voxels in the image, resulted in less image blurring 
compared to large postfiltering. In the present study, the optimal 
filter size was found to be around 4–4.5 mm and 6–6.5 mm for 
SUVmean and SUVmax, respectively. Furthermore, two sets 
of reconstructed images should be used during PET images 
interpretations, one for image detectability and the other for 
image quantification, as the overshooting effect and blurring 
were evident when inadequate filtering was applied to the 
reconstructed images.

Matrix size effect
When comparing a 256 ×  256 matrix size to a 192 ×  192 
matrix size, it was found that larger matrix size had a minimal 

Figure 1: The relation between RCmax and different sphere sizes for 
2 iterations, 18 subsets and 192 × 192 matrix size at a wide range of 
postfiltering values (mm)

Figure 2: The relation between RCmax and different sphere sizes for 
2 iterations, 18 subsets and 256 × 256 matrix size at a wide range of 
postfiltering values (mm)

Figure  3: The relation between RCmean different sphere sizes for 
2 iterations, 18 subsets and 192 × 192 matrix size at a wide range of 
postfiltering values (mm)

Figure  4: The relation between RCmean different sphere sizes for 
2 iterations, 18 subsets and 256 × 256 matrix size at a wide range of 
postfiltering values (mm)
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effect on reducing overestimation in RCs caused by the 
overshooting effect for large sphere sizes. Furthermore, it 
slightly decreased the underestimation caused by PVE in 
small‑sized spheres, as depicted in Figure 19. Larger matrix 
size reduced the negative patterns caused by the overshooting 
effect, resulted in more accurate measurements of RCs for 
larger spheres. In addition, increasing the matrix size reduced 
the impact of PVE, resulted in decreasing underestimation in 
RCs of small‑sized spheres. When comparing the effects of 
postfiltering and matrix size, it was found that postfiltering had 
a more significant effect on the RCs quantification than matrix 
size, as shown in Figures 17 and 19. When utilizing a larger 
matrix, especially in combination with inadequate postfiltering, 
it resulted in increased image blurring, as shown in Figure 18. 
In conclusion, increasing the matrix size had a slight but 
significant effect on reducing the RCs overestimation caused 

by Gibbs artifacts in large spheres sizes while decreasing the 
underestimation produced by PVE in small‑sized spheres. 
However, the effect of postfiltering surpassed the effect of 
matrix size and had a more significant role in improving the 
RCs quantification. The 256 × 256 matrix size played a crucial 
role in minimizing the impact of the overshooting effect and 
PVE across various spheres sizes, especially when utilizing 
appropriate postfiltering value.

Iterations and subsets effect
In the present work, optimizing the number of iterations and 
subsets resulted in a more accurate quantification of RCs 
values. This effect was particularly beneficial for small‑sized 
spheres, where accurate quantification is challenging due 
to the PVE. As shown in Figures 20 and 21, increasing the 
iteration numbers from 2 to 3 had a positive effect on the 
RCs of small‑sized spheres 10 and 13 mm affected by PVE. 
Furthermore, it decreased the impact of the overshooting at 

Figure 5: The relation between RCmax and different sphere sizes for 
3 iterations, 18 subsets and 192 × 192 matrix size at a wide range of 
postfiltering values (mm)

Figure 6: The relation between RCmax and different sphere sizes for 
3 iterations, 18 subsets 256  ×  256 matrix size at a wide range of 
postfiltering values (mm)

Figure  7: The relation between RCmean and different sphere sizes 
for 3 iterations, 18 subsets 192 × 192 matrix size at a wide range of 
postfiltering values (mm)

Figure  8: The relation between RCmean and different sphere sizes 
for 3 iterations, 18 subsets 256 × 256 matrix size at a wide range of 
postfiltering values (mm)
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17 and 22 mm spheres. Furthermore, increasing the number 
of subsets allowed for a more comprehensive sampling 
of the data, resulted in enhancing the RCs quantification, 
particularly for small‑sized spheres 10, 13, and 17 mm. In this 
study, the overshooting effect increased the RCs for spheres 
with diameters of 13 and 10 mm as the number of iterations 
increased. The magnitude of the overshooting effect depended 
on the sphere sizes, matrix sizes, number of iterations, number 
of subsets, and postfiltering value. The underestimation of RCs 
at small spheres was related to the PVE, which increased as 
sphere size decreased. PVE decreased with decreasing the 
number of iterations. Figures 20 and 21 show how the number 
of iterations and subsets affects the RCs of various sphere 
sizes. Optimizing the numbers of subsets and iterations is 
important for increasing the efficiency of computation time and 
achieving better RCs quantification. It is preferable to reduce 

the reconstruction time by decreasing the number of iterations 
and increasing the number of subsets while keeping optimal 
RCs. In conclusion, the number of iterations and subsets 
had a substantial effect on RCs quantification, particularly 
for small‑sized spheres. The present work suggested that 
combining 3 iterations and 24 subsets was a superior alternative 
for optimizing the reconstruction process, which resulted in 
improving the RCs quantification of small‑sized spheres, 
particularly 10 mm sphere.

Visual analysis
Figures 1‑16 show the visual analysis of the RCs curves, which 
assisted in identifying the abnormal behavior or localized 
alterations of the investigated reconstruction parameters, 
including Gibbs artifacts. The harmonized reconstruction 
parameters were selected by simultaneous analyzing the 
quantitative characteristics of the reconstruction parameters 

Figure 9: The relation between RCmax and different sphere sizes for 
2 iterations, 24 subsets 192  ×  192 matrix size at a wide range of 
postfiltering values (mm)

Figure  10: The relation between RCmax and different sphere sizes 
for 2 iterations, 24 subsets 256 × 256 matrix size at a wide range of 
postfiltering values (mm)

Figure  11: The relation between RCmean and different sphere sizes 
for 2 iterations, 24 subsets 192 × 192 matrix size at a wide range of 
postfiltering values (mm)

Figure  12: The relation between RCmean and different sphere sizes 
for 2 iterations, 24 subsets 256 × 256 matrix size at a wide range of 
postfiltering values (mm)
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Figure  13: The relation between RCmax and different sphere sizes 
for 3 iterations, 24 subsets 192 × 192 matrix size at a wide range of 
postfiltering values (mm)

Figure  14: The relation between RCmax and different sphere sizes 
for 3 iterations, 24 subsets 256 × 256 matrix size at a wide range of 
postfiltering values (mm)

Figure  15: The relation between RCmean and different sphere sizes 
for 3 iterations, 24 subsets 192 × 192 matrix size at a wide range of 
postfiltering values (mm)

Figure  16: The relation between RCmean and different sphere sizes 
for 3 iterations, 24 subsets 256 × 256 matrix size at a wide range of 
postfiltering values (mm)

and the visual appearance of the RCs curves. The selection of 
reconstruction parameters for harmonization was based on the 
performance of RCmean and RCmax. The optimal choice of 
PSF + TOF reconstruction parameters will involve a trade‑off 
between sphere detectability and avoiding Gibbs artifacts that 
influence RCs quantification. Visual analysis of the RCs curves, 
Figures 1‑16, assisted to identify optimal RC curve that was 
consistent with the predefined RC specifications by EARL 2. 
In this work, the RCmax of spheres sizes ≥13 mm exceeded 
unity due to the influence of Gibbs artifacts, as SUVmax was 
highly sensitive to these artifacts. In contrast, RCmean was 
close to or less than unity, whereas SUVmean was less affected 
by Gibbs artifacts. Furthermore, the presence of Gibbs artifacts 
caused a nonmonotonic decreasing in RCs values for sphere 
sizes of 13, 17, and 22 mm. However, when utilizing a matrix 

size of 256 × 256 and SUVmean, the effect of Gibbs artifacts 
on spheres measuring 13, 17, and 22 mm was decreased.

When considering the various reconstruction parameters for 
harmonization, it was observed that the larger spheres showed 
a significant increase in recoveries. As a result, the resulting 
RC curves have become more “flat,” reducing the dependence 
of subsequent quantitative analysis on sphere size. The 
reconstruction parameters in Table 4 show that recoveries for 
spheres with a diameter of ≥17 mm are essentially independent 
of size. When utilizing SUVmax for PET/CT quantification, 
a positive bias of 10%–25% in RC values is acceptable for 
larger homogenous spheres ≥17 mm.

Finally, the present work proposed that a large matrix size should 
be utilized with SUVmean to quantify spheres sizes ≥13 mm, 
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while utilizing SUVmax for spheres sizes  ≤10  mm. The 
optimal reconstruction parameters were identified, which 
resulted in improving SUVmax quantification when utilizing 
the combined TOF + PSF reconstruction algorithms in this 
work, as presented in Table 4 and Figure 22.

This study highlights the importance of selecting appropriate 
reconstruction parameters for better SUVmax/SUVmean 
quantification in PET/CT. SUVmax was more suitable for 
quantifying sphere sizes ≤10 mm, while SUVmean was more 
suitable for sphere sizes ≥13 mm.

Finally, the optimal postfiltering range for SUVmax was 
6–6.5 mm, whereas the most suitable postfiltering range for 
SUVmean was 4–4.5 mm. Table 5 presents the obtained RCs 
values produced using the optimal reconstruction parameters 
proposed by this study, which include 3 iterations, 24 subsets, a 
postfilter value 6.5 mm, and a matrix size 256 × 256. These RC 
values aligned with the recommended RCs proposed by EARL 2.

Tables 6 and 7 present the optimal reconstruction parameters 
specifically selected for the routinely used matrix size. These 
parameters were determined to achieve the best performance 
when utilizing both SUVmax and SUVmean in the investigated 
groups. This approach ensures that the drawbacks[29] of larger 
matrix sizes are mitigated while maintaining reliable and 
accurate quantitative PET CT imaging.

Discussion

The main purpose of this study was to identify the optimal 
reconstruction parameters that would produce reliable and 
consistent RCs, allowing for precise quantification and 
harmonization for the discovery 710 PET/CT system. As newer 
generation PET scanners develop, it is necessary to align SUV 
specifications with the most recent standards and technological 
advancements.[23,28] The most recent update to the EARL 
recommendations emphasizes the incorporation of advanced 
PET technologies, such as TOF and PSF algorithms in PET 

imaging. These technologies have significantly enhanced 
spatial resolution and quantitative accuracy in PET imaging. 
TOF technology uses accurate timing information gained from 
gamma photon detection, resulting in enhancing localization 
accuracy. These improvements in accuracy resulted in reducing 
noise levels and improving contrast in PET imaging. On the 

Figure 17: The effect of two different postfiltering values on RCmax at 
2 iterations, 18 subsets, and 192 × 192 matrix sizes

Table 4: The optimal selected reconstruction parameters 
when utilizing maximum standardized uptake value at the 
investigated groups

Optimal 
reconstruction 
parameters

Iterations 
number

Subsets 
number

Optimal 
postfiltering 
values (mm)

Matrix 
size

Group 1 2 18 6 256×256
Group 2 2 24 6 256×256
Group 3 3 18 6.5 256×256
Group 4 3 24 6.5 256×256

Table 5: The recovery coefficients values obtained when 
utilizing the optimal reconstruction parameters proposed 
by this study

IEC phantom spheres RCs

Diameter (mm) Volume (mL) Max Mean
37 26.52 1.23 1.01
28 11.49 1.21 0.95
22 5.57 1.20 0.91
17 2.57 1.21 0.89
13 1.15 1.03 0.81
10 0.52 0.84 0.61
RCs: Recovery coefficients, IEC: International Electro-technical 
Commission  

Table 6: The optimal selected reconstruction parameters 
when utilizing maximum standardized uptake value with 
the routinely used matrix size for investigated groups

Optimal 
reconstruction 
parameters

Iterations 
number

Subsets 
number

Optimal 
postfiltering 
values (mm)

Matrix 
size

Group 1 2 18 6.5 192×192
Group 2 2 24 6–6.5 192×192
Group 3 3 18 6.5 192×192
Group 4 3 24 6.5 192×192

Table 7: The optimal selected reconstruction parameters 
when utilizing mean standardized uptake value with the 
routinely used matrix size for investigated groups

Optimal 
reconstruction 
parameters

Iterations 
number

Subsets 
number

Optimal 
postfiltering 
values (mm)

Matrix 
size

Group 1 2 18 4 192×192
Group 2 2 24 4 192×192
Group 3 3 18 4 192×192
Group 4 3 24 4 192×192
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other hand, PSF algorithms account for the blurring effects 
caused by the detector system and also acting as a filter to 
minimize noise in reconstructed PET images, hence improving 
spatial resolution and mitigating PVE.[26,30] In reality, the 
combined TOF and PSF enable them to complement one 
another. Previous studies demonstrated that combining TOF 
and PSF algorithms enhances RCs, particularly for smaller 
sizes.[7,31] Unfortunately, PSF correction may introduce an 
upward bias in SUVs values due to the presence of Gibbs 
artifacts caused by higher voxel‑level variance.[17,18] The 
present work demonstrated that the impact of Gibbs artifacts 
on RCs quantification is dependent on numerous parameters, 
including matrix size, number of iterations, number of subsets, 
and postfiltering value, which is confirmed by.[32] This study 

demonstrated that SUVmax exhibited higher variability than 
SUVmean, mostly because SUVmax relies on a single voxel 
inside a ROI, making it more susceptible to noise, which is 
consistent with.[5,27,33] Furthermore, several factors can influence 
the accuracy and reproducibility of SUV measurements. 
These factors include the size and shape of the lesion being 
scanned, the PET scanner technology employed, and the 
selected reconstruction parameters.[27] Newer‑generation 
PET/CT scanners with improved spatial resolution require 
higher postfiltering values to harmonize SUV measurements. 
However, increasing the postfiltering values can result in image 
detectability degradation, particularly for small lesions.[27] The 
current study found an overestimation/overshooting in RCs 
values at 13, 17, and 22 mm spheres. This overshooting, known 

Figure 18: (a) The impact of lowest and highest postfiltering values on SUV qualification and image blurring. It is divided into (A and B) and (C and D) at 
4 and 10 mm postfilters, respectively. 2 iteration, 18 subsets and 192 × 192 matrix size were used, (b) The impact of lowest and highest postfiltering 
values on SUV qualification and image blurring. It is divided into (A and B) and (C and D) at 4 and 10 mm postfilters, respectively. 2 iteration, 18 subset 
and 256 × 256 matrix size were used

b

a
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Figure 19: The effect of different matrices sizes on RCma × 2 iterations, 
18 subsets, 4 mm postfilter

Figure 20: The effect of different iterations numbers on RCmax at different 
matrices sizes, 18 subsets, 4 mm postfilter

as the Gibbs artifact, resulted in nonmonotonic decreases in 
RCs, causing unexpected fluctuations rather than a consistent 
decrease as the sphere sizes decreased, as validated by.[34] 
Also, Gibbs artifacts affected the RCs of 10, 13 mm spheres, 
although they compensated for the loss in RCs caused by 
PVE. These artifacts had a significant effect on the RCmax 
than the RCmean, which is confirmed by.[27] This study 
found that increasing postfiltering values can assist mitigate 
overestimation/overshooting in RCs values for larger spheres. 
This revealed that higher postfiltering values could lead to more 
accurate results for larger spheres. However, it should be noted 
that for smaller‑sized spheres, increasing in postfiltering values 
resulted in a decrease in their RCs and intensified the effect of 
PVE. Furthermore, the size of the postfilter had a higher impact 
on image quality and quantification in TOF + PSF images. 
Utilizing higher postfilter sizes resulted in more significant 
smoothing and noise reduction, but also increased image 
blurring. Conversely, reducing the postfilter size decreased 
image blurring compared to larger voxels, which is consistent 
with.[19] This study demonstrated that the optimal filter size for 
SUVmean was 4–4.5 mm, whereas SUVmax was 6–6.5 mm. 
To address the Gibbs artifact and blurring effect caused by 
inadequate filtering in reconstructed images, the present study 
suggests utilizing two sets of reconstructed images. One set 
should be utilized for spheres detectability purposes and the 
other for SUV quantification. This approach ensures that 
appropriate filtering is applied to each set of images, which 
improves RC quantification while reducing Gibbs artifacts.

When comparing a 256 × 256 matrix to a 192 × 192 matrix, 
it was observed that larger matrix size had a minimal effect 
on reducing RC overestimation caused by the Gibbs artifact 
in larger sphere sizes. Additionally, it slightly decreased the 
underestimation caused by PVE in smaller sphere sizes. 
However, the effect of postfiltering on RCs was found to be 
more significant than the influence of the matrix size. The 
present study demonstrated that a 256 × 256 matrix size plays 

a crucial role in minimizing the effects of the Gibbs artifact and 
PVE across various sphere sizes when appropriate postfiltering 
is applied, which is consistent with.[35] Furthermore, 
the optimization of subsets and iterations is crucial for 
improving computation efficiency and achieving better RCs 
quantification, as highlighted in existing literature.[25] The 
present study supports these findings by demonstrating that 
the number of iterations and subsets significantly influenced 
the RCs, particularly for small‑sized spheres, which is 
aligned with previous studies.[36,37] Optimizing the number 
of iterations in the TOF + PSF algorithm resulted in more 
accurate RCs quantification, which was particularly useful 
for small‑sized spheres where accurate quantification was 
challenging due to PVE. The underestimation of RCs at small 
spheres was due to PVE, which increased as the sphere size 
decreased and decreased as the number of iteration increased. 
Furthermore, increasing the number of subsets allowed for a 
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Figure 21: The effect of subset numbers on RCmax at different matrices 
sizes and 2 iterations and 4 mm post filter

Figure 22: The optimal selected reconstruction parameters for Rcmax at 
the four investigated reconstruction parameters groups

more comprehensive sampling of the data, which enhanced 
accuracy in RCs values, especially for small‑sized spheres. As 
a result, this work concluded that combining 3 iterations and 
24 subsets optimized the reconstruction process and improved 
RC quantification at 10 mm sphere.

Visual analysis of RC curves was beneficial to identify 
abnormal behavior and localized variations, particularly those 
related to Gibbs artifacts. The selection of the optimized 
reconstruction parameters was based on the performance 
of RCmean and RCmax. RCmax tended to exceed unity for 
sphere sizes ≥13 mm due to the influence of Gibbs artifacts. 
In contrast, RCmean remained close to or less than unity 
because it was less affected by Gibbs artifacts. Larger spheres 
exhibited a higher increase in RCs, resulting in more “flat” RC 
curves and reducing the dependence of subsequent quantitative 
analysis on sphere size. For larger spheres  ≥17  mm, the 
RCmax values exceeding unity, indicating an accepted 
positive bias of approximately 10%–25% for RC, which is 

confirmed by.[23] Based on our observations, we recommend 
utilizing a 256 × 256 matrix size with SUVmean to quantify 
spheres ≥13 mm. SUVmax is best suited for spheres ≤10 mm.

To summarize, the study highlighted the significance of 
optimizing the reconstruction parameters to achieve accurate 
quantification of RC. These reconstruction parameters include 
a matrix size of 256 × 256, a postfiltering value of 6.5 mm, 
3 iterations, and 24 subsets, particularly when utilizing 
SUVmax. The optimal filter size for SUVmean was found to 
be 4–4.5 mm. These parameters were recognized as effective 
choices for achieving accurate and reliable SUV quantification 
in the study’s results. These parameters were aligned with 
the RCs values recommended by the EARL 2 specifications, 
as presented in Table 5. As a result, adequate reconstruction 
parameters and careful consideration should be given to the 
choice of SUV metrics for specific clinical applications.

Conclusion

The study emphasizes the importance of considering a careful 
choice between SUVmax and SUVmean based on the specific 
goals of the PET imaging study and the sizes of the spheres 
being quantified. For quantifying spheres ≥13 mm, SUVmean 
should be utilized, whereas SUVmax is recommended for 
spheres ≤10  mm. The selection of appropriate postfiltering 
values, such as 6–6.5 mm for SUVmax and 4–4.5 mm for 
SUVmean, significantly improves SUV quantification. 
Specifically, utilizing 3 iterations, 24 subsets, a postfiltering 
value of 6.5 mm, and a matrix size of 256 × 256 improved 
SUVmax quantification. In addition, it is recommended to 
employ the two sets of reconstructed images, one for diagnosis 
and the other for SUV quantification.

Limitations
Finally, it is worthnoting that the study was based on a 
phantom model, which had limitations such as a finite plastic 
wall thickness, a homogeneous background, and spherical 
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inserts.[38,39] While phantom studies provide valuable insights 
and allow for standardized evaluation, caution should be 
exercised when extrapolating these findings to clinical practice. 
Nonetheless, such studies can still provide valuable insights 
into the underlying physics of PET/CT imaging, as well as 
guidance for optimizing imaging parameters to improve the 
accuracy and reproducibility of SUV measurements.
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