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Background. PET/CT imaging is widely used in oncology and provides both metabolic and anatomic information. 
Because of the relatively poor spatial resolution of PET, the detection of small lesions is limited. The low spatial resolution 
introduces the partial-volume effect (PVE) which negatively affects images both qualitatively and quantitatively. The 
aim of the study was to investigate the effect of small-voxel (2 mm in-line pixel size) vs. standard-voxel (4 mm in-line 
pixel size) reconstruction on lesion detection and image quality in a range of activity ratios. 
Materials and methods. The National Electrical Manufacturers Association (NEMA) body phantom and the Micro 
Hollow-Sphere phantom spheres were filled with a solution of [18F]fluorodeoxyglucose ([18F]FDG) in sphere-to-back-
ground ratios of 2:1, 3:1, 4:1 and 8:1. In all images reconstructed with 2 mm and 4 mm in-line pixel size the visual lesion 
delineation, contrast recovery coefficient (CRC) and contrast-to-noise ratio (CNR) were evaluated.
Results. For smaller (≤ 13 mm) phantom spheres, significantly higher CRC and CNR using small-voxel reconstructions 
were found, also improving visual lesion delineation. CRC did not differ significantly for larger (≥ 17 mm) spheres us-
ing 2 mm and 4 mm in-line pixel size, but CNR was significantly lower; however, lower CNR did not affect visual lesion 
delineation.
Conclusions. Small-voxel reconstruction consistently improves precise small lesion delineation, lesion contrast and 
image quality. 
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Introduction

Positron emission tomography combined with 
computed tomography (PET/CT) is widely used 
for staging and tumour response assessment in 
oncology.1-3 PET/CT provides both metabolic and 
anatomic information and allows detection, locali-
zation and characterization of the lesions.4-5 In the 
majority of PET/CT scanners image reconstruction 

is traditionally performed using the 4 mm in-line 
pixel size (4 x 4 x 4 mm voxel).6-8 This relatively 
large voxel size affects image quality by limiting 
the image spatial resolution, which limits the de-
tection of small metabolically active lesions.9-11 The 
poor spatial resolution additionally introduces the 
partial-volume effect (PVE), negatively affecting 
images both visually and quantitatively, resulting 
in the decrease of signal in smaller lesions and im-
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age smoothing. The PVE can be reduced by using 
a smaller in-line pixel size and consequently voxel 
size during image reconstruction. Smaller voxel 
sizes have already been studied in the preclini-
cal as well as clinical setting, demonstrating both 
qualitative and quantitative improvement in re-
constructed images.12-14 However, the majority of 
previous preclinical studies evaluated the image 
quality of small-voxel reconstruction using phan-
toms with high target/background ratio.13 The goal 
of our study was to explore the effect of small-voxel 
reconstruction on the image quality systematically 
in a set of low-to-high target-to-background ratios 
reflecting realistic clinical scenarios in focused im-
aging for small lesions.

Materials and methods
Phantom preparation

Acquisitions and reconstructions were performed 
with the National Electrical Manufacturers 
Association (NEMA) International Electrotechnical 
Commission (IEC) body phantom and the Micro 
Hollow-Sphere phantom. The NEMA body phan-
tom consists of the background compartment 
with a volume of 9700 ml and six fillable spheres 
with diameters of 10, 13, 17, 22, 28 and 37 mm. 
The background compartment was in all instances 
filled with the specific activity of [18F] fluorodeoxy-
glucose ([18F] FDG) solution of 5.3 kBq/mL ± 5%. 
Filling of the spheres was performed with 42 kBq/
mL (ratio 8:1), 21.2 kBq/mL (ratio 4:1), 16.1 kBq/mL 
(ratio 3:1) and 10.4 kBq/mL (ratio 2:1). The Micro 
Hollow-Sphere phantom with background com-
partment volume 120 mL and four fillable spheres 
with diameters of 4, 5, 6 and 8 mm was filled with 
identical specific activities.

Acquisition and reconstruction

Phantoms were scanned for each activity ratio on a 
Siemens Biograph mCT Flow Edge (True V) PET/
CT scanner combining patented lutetium oxyor-
thosilicate (LSO) PET system with time-of-flight 
(TOF) technique and a 128-slice CT. The PET com-
ponent of this system consists of four rings of 48 
detector blocs with each bloc containing 169 detec-
tor elements (detector element dimension of 4 x 
4 x 20 mm), PET axial field-of-view (FOV) of 221 
mm, coincidence window of 4.1 nsec, system en-
ergy resolution ≤ 12 % full width at half maximum 
(FWHM) and typical system time resolution of 540 
psec. The acquisition protocol included a low dose 

(120 kV; 25 mA) non-enhanced CT scan for the at-
tenuation correction, followed by a 10 min single 
bed position 3D PET acquisition. 

All PET scans were reconstructed using a 
Siemens True-X-TOF iterative algorithm (2 itera-
tions, 21 subsets) which incorporates point-spread-
function (PSF) and TOF correction (SIEMENS ultra 
HD PET©). Each image was reconstructed using 
4 mm and 2 mm in-plane pixel dimensions and 
zoom factor of 1; 200 x 200 and 400 x 400 matrix 
size was used for 4 and 2 mm in-plane pixel size 
reconstruction.

Image analysis

Quantitative image analysis was performed on 
SYNGO VIA processing software. For each activ-
ity ratio, spherical volumes of interest (VOIs) were 
manually placed over the hot spheres of the NEMA 
body and the Micro Hollow-Sphere phantom im-
ages, using the known sphere diameter limits. In 
addition, six spherical background VOIs (diameter 
of 20 mm) were centred in the same transaxial plane 
as the hot spheres in the NEMA body phantom and 
one spherical background VOI (diameter of 40 mm) 
in a homogeneous region of the background of the 
Micro Hollow Sphere phantom. Mean and maxi-
mum [18F]FDG activity concentrations (CAmmean) 
and CAmmax) in kilobequerel/mililiter (kBq/ml) 
were determined for each VOI with SYNGO VIA. 
All lesions were assessed qualitatively for localiza-
tion and delineation.

Mean and maximum contrast recovery coef-
ficient (CRC) and contrast-to-noise ratio (CNR) 
were calculated to quantitatively compare the de-
tectability of lesions between different voxel size 
reconstructions. 

Mean and maximum CRC for each phan-
tom sphere was calculated as the ratio between 
mean/maximum measured activity concentration 
(CAmmean and CAmmax) and true activity concen-
tration (CAt):

CRCmean = CAmmean/CAt; 
CRCmax = CAmmax/CAt 

Eq. [A.1]

Mean and maximum CNR was calculated as a 
measure of the signal level in the presence of noise: 

CNRmean = (CAmmean-CAbg)/SDbg; 
CNRmax = (CAmmax-CAbg)/SDbg 

Eq. [A.2]

where CAbg is the average measured activity 
concentration in the background and SDbg is the 
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FIGURE 1. NEMA body (A) and the Micro Hollow-Sphere phantom (C), filled in the sphere-to-background radioactivity ratio 2:1, 3:1, 
4:1, 8:1, and reconstructed with 2 mm (top row) and 4 mm (bottom row) in-line pixel size. Axial CT images with phantom spheres 
diameter of NEMA body (B) and the Micro Hollow-Sphere phantom (D). 

A
B

C D

FIGURE 2. Measurements of contrast-to-noise ratio (CNR)max/mean (top row) and contrast recovery coefficient (CRC)max/mean (bottom 
row) in all NEMA body and the Micro Hollow-Sphere phantom spheres for all radioactivity concentration ratios with 2 mm and 4 
mm in-line pixel size. 

standard deviation of the activity concentration in 
the background.

CRC and CNR were analyzed independently in 
three ways: for spheres with diameters ≤ 13 mm 
(smaller spheres), for spheres with diameters ≥ 17 
mm (larger spheres), and for all spheres combined, 
respectively (13). Only lesions that were visible at 

both 2 mm and 4 mm in-line pixel sizes reconstruc-
tions were analysed.

Statistical analysis

The normality of the distribution of CRCmean, 
CRCmax, CNRmean, CNRmax values was assessed us-
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ing the Shapiro-Wilk test. Median, minimum and 
maximum for these parameters were calculated. 
We assessed the differences between 2 mm and 4 
mm in-line pixel sizes using the Wilcoxon signed-
rank test for paired samples. 

Statistical analysis was performed using IBM 
SPSS Statistics for Windows, version 25 (IBM Corp., 
Armonk, N.Y., USA) with p-values < 0.05 consid-
ered as statistically significant. GraphPad Prism 
version 8.0.0 for Windows (GraphPad Software, 
San Diego, California USA, www.graphpad.com) 
was used to create the artwork.

The study does not include patient data and 
therefore does not require the approval of the eth-
ics committee.

Results 

NEMA body and the Micro Hollow-Sphere phan-
tom images reconstructed with 2 mm and 4 mm 
in-line pixel sizes for all concentration ratios are 
presented in Figure 1. 

TABLE 1. Contrast recovery coefficient (CRC)max, CRCmean, of the four Micro Hollow Sphere phantom and the six NEMA body phantom spheres filled 
with sphere-to-background radioactivity concentration ratios of 2:1, 3:1, 4:1, 8:1 for both 2 mm and 4 mm in-line pixel size reconstructions, including 
relative changes in %

Micro Hollow Sphere phantom - sphere diameter (mm) NEMA body phantom - sphere diameter (mm)

Ratio 8:1 4 mm 5 mm 6 mm 8 mm 10 mm 13 mm 17 mm 22 mm 28 mm 37 mm

2 mm max 0.11 0.16 0.24 0.38 0.65 0.92 0.93 0.95 0.89 0.87

4 mm max N/A 0.15 0.21 0.33 0.51 0.84 0.99 0.93 0.92 0.89

% change 2 14 17 26 10 -5 2 -2 -2

2 mm mean 0.10 0.14 0.20 0.25 0.39 0.50 0.57 0.63 0.67 0.71

4 mm mean N/A 0.13 0.19 0.24 0.37 0.49 0.56 0.63 0.67 0.71

% change 4 2 3 6 3 2 0 0 0

Ratio 4:1 4 mm 5 mm 6 mm 8 mm 10 mm 13 mm 17 mm 22 mm 28 mm 37 mm

2 mm max N/A 0.21 0.28 0.40 0.57 0.87 0.98 0.94 0.96 0.96

4 mm max N/A N/A 0.26 0.38 0.53 0.80 1.03 1.00 1.00 0.95

% change 6 5 8 9 -5 -6 -4 2

2 mm mean N/A 0.20 0.26 0.30 0.41 0.55 0.60 0.64 0.70 0.75

4 mm mean N/A N/A 0.26 0.30 0.39 0.52 0.63 0.64 0.70 0.75

% change 0 0 5 6 -4 -1 0 -1

Ratio 3:1 4 mm 5 mm 6 mm 8 mm 10 mm 13 mm 17 mm 22 mm 28 mm 37 mm

2 mm max N/A N/A 0.28 0.38 0.57 0.78 0.94 0.90 0.92 0.91

4 mm max N/A N/A N/A 0.36 0.53 0.71 0.89 0.94 0.93 0.91

% change 7 7 9 6 -1 0 0

2 mm mean N/A N/A 0.26 0.31 0.64 0.54 0.61 0.62 0.67 0.71

4 mm mean N/A N/A N/A 0.31 0.43 0.51 0.60 0.63 0.67 0.71

% change 1 5 5 1 -1 0 0

Ratio 2:1 4 mm 5 mm 6 mm 8 mm 10 mm 13 mm 17 mm 22 mm 28 mm 37 mm

2 mm max N/A N/A N/A N/A 0.57 0.79 0.87 0.94 0.95 0.94

4 mm max N/A N/A N/A N/A 0.53 0.74 0.85 0.93 0.95 0.93

% change 8 6 3 0 0 1

2 mm mean N/A N/A N/A N/A 0.48 0.60 0.61 0.66 0.71 0.75

4 mm mean N/A N/A N/A N/A 0.47 0.58 0.61 0.67 0.71 0.74

% change 2 4 0 -1 0 1

N/A = not applicable
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Visual comparison of the images demonstrates 
enhanced contrast and delineation of smaller (≤ 13 
mm) spheres in images reconstructed with 2 mm 
compared to 4 mm in-line pixel size. In the sphere-
to-background activity ratio of 2:1, the sphere with 
10 mm diameter in NEMA body phantom was still 
visible in the 2 mm in-line pixel size reconstruction, 
but not in 4 mm in-line pixel size reconstruction. 
In the sphere-to-background activity ratio 2:1, the 
spheres in Micro Hollow-Sphere phantom were not 
visible in both reconstructions. However, in higher 
sphere-to-background activity ratios, the contrast 

and delineation of spheres in Micro Hollow-Sphere 
phantom were clearly superior in the 2 mm in-line 
pixel size reconstruction; furthermore, in the activ-
ity ratio of 4:1, the 5 mm sphere was still visible 
in the 2 mm in-line pixel size reconstruction, but 
not in 4 mm in-line pixel size reconstruction. For 
larger (≥ 17 mm) spheres the delineation was also 
superior with 2 mm in-line pixel size reconstruc-
tion, perhaps with the exception of the highest (8:1) 
sphere-to-background activity ratio.

For quantitative assessment, measurements of 
CRC and CNR in all phantom spheres of NEMA 

TABLE 2. Contrast-to-noise ratio (CNR)max, CNRmean, of the four Micro Hollow Sphere phantom and the six NEMA body phantom spheres filled with sphere-
to-background radioactivity concentration ratios of 2:1, 3:1, 4:1, 8:1 for both 2 mm and 4 mm voxel size reconstructions, including relative changes in %

Micro Hollow Sphere phantom - sphere diameter (mm) NEMA body phantom - sphere diameter (mm)

Ratio 8:1 4 mm 5 mm 6 mm 8 mm 10 mm 13 mm 17 mm 22 mm 28 mm 37 mm

2 mm max 12.53 34.82 71.23 134.50 104.68 157.51 159.30 162.70 152.06 148.02

4 mm max N/A 25.58 44.71 84.76 84.32 151.31 181.45 169.86 167.41 161.28

% change 36 59 59 24 4 -12 -4 -9 -8

2 mm mean 11.99 24.84 55.10 75.80 55.69 76.75 89.86 100.92 108.16 115.50

4 mm mean N/A 17.41 40.95 55.58 54.73 78.83 93.99 107.44 116.37 123.83

% change 43 35 36 2 -3 -4 -6 -7 -7

Ratio 4:1 4 mm 5 mm 6 mm 8 mm 10 mm 13 mm 17 mm 22 mm 28 mm 37 mm

2 mm max N/A 6.33 20.19 41.57 31.20 59.06 68.97 65.49 66.91 67.42

4 mm max N/A N/A 17.13 37.28 30.46 57.33 80.41 77.47 76.63 71.95

% change 18 12 2 3 -14 -15 -13 -6

2 mm mean N/A 5.73 16.51 24.55 17.42 29.96 34.68 38.24 43.13 48.28

4 mm mean N/A N/A 16.04 23.93 16.91 29.57 39.95 42.28 47.14 53.26

% change 3 3 3 1 -13 -10 -9 -9

Ratio 3:1 4 mm 5 mm 6 mm 8 mm 10 mm 13 mm 17 mm 22 mm 28 mm 37 mm

2 mm max N/A N/A 7.72 23.53 18.69 32.87 44.04 41.32 42.66 41.87

4 mm max N/A N/A N/A 16.13 18.18 31.84 45.27 49.36 48.04 47.15

% change 46 3 3 -10 -8 -9 -9

2 mm mean N/A N/A 6.11 13.45 11.28 16.93 21.28 22.58 25.55 28.23

4 mm mean N/A N/A N/A 10.66 11.01 16.91 23.39 25.56 28.58 31.47

% change 26 2 0 9 -9 -9 -9

Ratio 2:1 4 mm 5 mm 6 mm 8 mm 10 mm 13 mm 17 mm 22 mm 28 mm 37 mm

2 mm max N/A N/A N/A N/A 5.49 15.68 19.40 22.51 22.90 22.73

4 mm max N/A N/A N/A N/A 4.00 15.08 20.40 24.89 25.48 24.94

% change 37 4 -5 -10 -10 -9

2 mm mean N/A N/A N/A N/A 1.64 6.93 7.59 9.95 11.97 13.85

4 mm mean N/A N/A N/A N/A 1.37 6.54 8.44 11.18 13.32 15.18

% change 20 6 -10 -11 -10 -9

N/A = not applicable
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body phantom and Micro Hollow-Sphere phantom 
for all activity ratios are presented in Tables 1 and 
2 and graphically in Figure 2. Median, minimum 
and maximum values for both parameters are pre-
sented in Tables 3 and 4.

From the combined measurements in both 
phantoms we found that in the smaller (≤ 13 mm) 
spheres the CRC values were significantly higher 
in the images reconstructed using the 2 mm in 
comparison to the 4 mm in-line pixel size (CRCmax: 
p = 0.001, CRCmean: p = 0.001). On the other hand, 
CRC did not differ significantly between the 2 mm 
and 4 mm in-line pixel sizes for larger (≥ 17 mm) 
spheres (CRCmax: p = 0.136, CRCmean: p = 0.424). For 
all spheres combined CRCmax values also did not 
differ significantly between the two voxel sizes for 
large spheres (p = 0.058), but were significantly 
higher for CRCmean (p = 0.014). 

CNR was found to be significantly higher for re-
construction with 2 mm compared to 4 mm in-line 
pixel size for smaller (≤ 13 mm) spheres (CNRmax, p 
= 0.001 and CNRmean, p = 0.008). In addition, CNR 
was elevated in 2 mm reconstructed images when 
analyzing all spheres in all sphere-to-background 
radioactivity ratio (CNRmax: p = 0.428, CNRmean: 
p = 0.079). However, in larger (≥ 17 mm) spheres 
CNR was significantly lower in 2 mm in-line pixel 
size images compared to the 4 mm (CNRmax: p = < 
0.001, CNRmean: p = < 0.001); nevertheless, as stated 
above, the visual delineation of larger lesions was 
not hampered by lower CNR.

The comparison of CRCmax/mean and CNRmax/mean 
between the two in-line pixel sizes is graphically 
presented in Figure 3.

Discussion

The aim of the present study was to evaluate the 
potential advantages of small-voxel reconstruc-
tion on PET image quality. While confirming the 
results of previous preclinical work of similar de-
sign13 using high target-to-background ratios, we 
also found the advantages of small-voxel recon-
struction to translate as well towards lower ratios, 
resembling realistic clinical circumstances when 
focused imaging is performed for limited body sec-
tions in extended duration, such as parathyroid or 
brain PET.15,16 However, these findings may trans-
late to acquisitions typically used for whole-body 
imaging as well, as recently shown in a preclinical 
study.17

The 4 mm in-line pixel size reconstruction is 
routinely used in most PET centres worldwide in 
clinical practice, resulting in relatively poor spa-
tial resolution and consequently limited visualiza-
tion and quantification of small lesions. Using the 
NEMA body and Micro Hollow-Sphere phantom 
with various target-to-background activity concen-
tration ratios we were able to demonstrate that the 
delineation and quantification of small lesions can 
be improved if reconstruction with 2 mm in-line 
pixel size is used. While the use of even smaller 
(1 mm) in-line pixel size may seem advantageous 
for the purpose of small lesion detection, the lesion 
contrast appears to plateau at 2 mm in-line pixel 
size in comparison to the standard 4 mm in-line 
pixel size reconstruction.18

Qualitatively, the use of 2 mm in-line pixel re-
construction improves the spatial resolution with 

FIGURE 3. Graphically represented contrast recovery coefficient (CRC)max/mean and contrast-to-noise ratio (CNR)max/mean of the 2 mm and 4 mm in-line 
pixel sizes.
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improved visualization of the smaller (≤ 13 mm) 
spheres in comparison to the standard approach. 
The qualitative impression was confirmed with 
quantitative analysis: across the evaluated activ-
ity ratios, improved mean and maximum CRC 
and CNR were demonstrated for smaller (≤ 13 
mm) lesions, suggesting higher lesion detectabil-
ity. Increase in CRC directly affects standard up-

TABLE 3. Median, minimum and maximum values of contrast recovery coefficient 
(CRC)max and CRCmean over all for all spheres, spheres ≤ 13 mm and spheres ≥ 17 
mm. The values are given for images reconstructed with 2 mm and 4 mm voxel size

 Number 
of spheres Median Minimum Maximum

CRCmax 2 mm 30 0.88 0.16 0.98

CRCmax 4 mm 30 0.87 0.13 1.03

CRCmean 2 mm 30 0.60 0.14 0.75

CRCmean 4 mm 30 0.59 0.13 0.76

CRCmax 2 mm; ≤ 13 mm 14 0.56 0.16 0.92

CRCmax 4 mm; ≤ 13 mm 14 0.52 0.13 0.84

CRCmean 2 mm; ≤ 13 mm 14 0.40 0.14 0.60

CRCmean 4 mm; ≤ 13 mm 14 0.38 0.13 0.60

CRCmax 2 mm; ≥ 17 mm 16 0.94 0.87 0.98

CRCmax 4 mm; ≥ 17 mm 16 0.94 0.87 1.03

CRCmean 2 mm; ≥ 17 mm 16 0.66 0.57 0.75

CRCmean 4 mm; ≥ 17 mm 16 0.66 0.56 0.76

TABLE 4. Median, minimum and maximum values of contrast-to-noise ratio (CNR)max 

and CNRmean over all spheres-to-background ratios for all spheres, smaller (≤ 13 mm) 
spheres and larger (≥ 17 mm) spheres. The values are given for images reconstructed 
with 2 mm and 4 mm in-line pixel size

Number 
of spheres Median Minimum Maximum

CNRmax 2 mm 30 42.26 5.49 162.60

CNRmax4 mm 30 46.21 4.00 181.45

CNRmean 2 mm 30 25.56 1.64 115.50

CNRmean 4 mm 30 27.15 1.37 123.83

CNRmax 2 mm; ≤ 13 mm 14 33.84 5.49 157.51

CNRmax 4 mm; ≤ 13 mm 14 31.15 4.00 151.31

CNRmean 2 mm; ≤ 13 mm 14 20.98 1.64 76.75

CNRmean 4 mm; ≤ 13 mm 14 17.16 1.37 78.73

CNRmax 2 mm; ≥ 17 mm 16 54.76 19.40 162.70

CNRmax 4 mm; ≥ 17 mm 16 60.65 20.40 181.45

CNRmean 2 mm; ≥ 17 mm 16 31.45 7.59 115.50

CNRmean 4 mm; ≥ 17 mm 16 35.71 8.44 123.83

take value (SUV) as the predominant quantitative 
imaging metric.19 With the use of small voxels, 
the image noise inevitably statistically increases. 
However, as again demonstrated for smaller (≤ 13 
mm) lesions, the increased noise is compensated 
through improved CNR. These findings confirm 
and extend the existing results in the preclinical 
setting6,13; the likely explanation is the reduction 
of PVE through the use of small voxels, leading to 
reduction in averaging and increased activity in 
smaller lesions.20 Several approaches are increas-
ingly being used to reduce the effect of noise on 
image quality and improve spatial resolution, such 
as time-of-flight (TOF) and point-spread function 
(PSF) corrections5,7,8,19,21-24, typically integrated into 
routine vendor-specific PET reconstruction proto-
cols. Small-voxel reconstruction was shown to pro-
vide additional improvement in small lesion detec-
tion when both approaches are already used19; nev-
ertheless, the possibility of introducing artefacts 
and potential false-positive findings related to PSF 
modelling and small-voxel reconstruction must be 
considered.9

The existing literature evaluating the effect of 
small-voxel reconstruction in the clinical setting is 
similarly limited and is focused on small lesions. 
Extending the work from the preclinical setting13, 
one group was able to demonstrate that the detec-
tion and quantitative assessment (standardized 
uptake values for lesions and target-to-background 
ratios) significantly improves for metastatic lymph 
nodes in patients with breast cancer when small-
voxel reconstruction with 2 mm in-line pixel size 
is used.14 In a similar report in patients with head 
and neck squamous cell carcinoma, the detection 
and quantitative assessment of metastatic lymph 
nodes as well as image quality was improved with 
larger image matrix size (2 mm in-line pixel size).12 
Currently, the existing literature demonstrating 
improved performance of small-voxel reconstruc-
tion in the clinical setting is limited on the evalu-
ation of lymph nodes in staging of malignant dis-
ease – a typical indication for clinical PET imaging. 
Nevertheless, in other conditions in which PET im-
aging is increasingly being used for evaluation of 
small lesions (such as preoperative localization of 
hyperfunctioning parathyroid tissue25, similar ben-
efit can be expected. While an important limitation 
of the present work and other preclinical studies 
lies in the design with homogenous background 
activity and known location of the evaluated le-
sions, the listed clinical examples demonstrate the 
potential of small-voxel reconstruction for routine 
clinical application.
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Conclusions

The use of small-voxel reconstruction in PET im-
aging provides consistent improvement in small 
lesion localization and delineation, lesion contrast 
and image quality.
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