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% Gated PET/CT

4 Gating

5 Time of flight(TOF)

6 Point spread-function modeling (PSF)
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! Fluoro-2-deoxyglucose positron emission
tomography/computed tomography (FDG PET/CT)
2 Partial volume effects (PVES)
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° Body mass index (BMI)
10 Signal-to-background ratios (SBR)
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7 Contrast-to-noise-ratio (CNR)
8 non-small cell lung cancer (NSCLC)
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14 Motion blurring kernel

15 Additive noise mode

16 Directional derivative analysis
7 Autocorrelation analysis

18 Auto-correlation function (ACF)
19 Point Spread Functions(PSF)
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1 Ordered subsets expectation maximization (OSEM)
12 Blur
13 Linear and space invariant
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27 Block Shrink

28 Contrast to noise ratio (CNR)
2 Coefficient of variation (COV)
30 Standard uptake value(SUV)
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20 National Electrical Manufacturers Association
(NEMA) standard

21 Point source

2 Field Of View (FOV)

2 Full width at half-maximum amplitude

2 Lucy-Richardson (LR) algorithm

2 Maximum likelihood estimation

26 Wavelet transform
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Fig 1) Comparison between relative differences (%) of the CNR for lung lesions within various sizes, locations, and SBRs in

compensated images compared with the uncompensated images for different reconstruction algorithms.

03 35 o odss &S Hbolas US4 (PSF
5 PSF & i TOFPSF iy, Sl ol
sl cd 4 ) W s 4 ol zS TOF
CNR Sllas olis 53 TOF 5 PSF (ol 050k

ks ONR o Gl dos () U
=) PSE 3lasl la agy s 1) ed oo
=) NON-PSF LG s (TOFPSF , PSF
s TOF _~x) TOF , (TOF 5 OSEM
5 OSEM _«) non-TOF Ll 5 (TOFPSF

http://bpums.ac.ir



http://bpums.ac.ir/
http://dx.doi.org/10.52547/ismj.25.4.355
http://ismj.bpums.ac.ir/article-1-1642-en.html

[ Downloaded from ismj.bpums.ac.ir on 2025-10-30 ]

[ DOI: 10.52547/ismj.25.4.355 |

VRN OLT 5 e /¥ o ladh /020 5 oy Il

s NON-PSF Las ;5 PSF sl 55, sl 500, ol sdd ol sleas CNR (/) g SNt 5 opSilen (Y J gutm
non-TOF . ,» TOF

TOFPSF vs TOF vs TOFPSF vs
PSF vs OSEM
PSF OSEM TOF
YA/F Y/ \Y/A V$/4 S e 10 3 S Sl b Slls
VA Y\/$ /A Y4/ S e 1051 585 ple b Slels
YO/ YY/¥ Vo /0 VA o ol sbaoy) 5 @l cluls
VoY 14/4 \Y/8 AN7A% 4y YL slacy ;s 8’5 oluls
s Y/ N\ o/t (SBR <3) .4 SBR L sluls
V010 Yo/¥ YV VAV SBR>3) W SBR L sluls

SBR: signal-to-background ratios

8

w0
S

o
5
T

%.
g
P [t |
g Medizn
R ‘
= L - -

o OSEM PSF TOF TOFPSF

.
=

30
oMol sl s (COV) 55 oo N Ao 33 sl (Y IS
23 S5 S s dlesl 5w 5 18 4, Ol b sles 10 1
3l ke gls 55 sl » LUCY-Richardson oz, S
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NSCLC in various reconstruction algorithms.

Lg RIS Ql&ihp BEl IS o) Cwl 9 ol C}Lﬂ\
(") JSK& s box-plot jlsses &) 4 3Ll

RGO IS WA QL.Z.’

old ol sl g ot N Loy alie
SH Fos Jlesl Sl a5 3 ) sl S
D3 gad Ssgeo 35k = e (S s S
5o Ll sl esls olas (V) s s box-plot
Sle i (ilasl cilos g fs, 85 b
TOFPSF 5 TOF PSF OSEM I, s S
53 il e doys BVIA 5 SO/0 SVIY SYIY
G S S s Sl esliad 55l Sladlas
s BB R e 158 0 S el e
P<2/20) w8 edpdhol slal 53 5 law

(paired t test «cach

http://bpums.ac.ir


http://bpums.ac.ir/
http://dx.doi.org/10.52547/ismj.25.4.355
http://ismj.bpums.ac.ir/article-1-1642-en.html

[ Downloaded from ismj.bpums.ac.ir on 2025-10-30 ]

[ DOI: 10.52547/ismj.25.4.355 |

r;r/ﬁjdwfaﬁ&w/ug;;)u‘;@s}:’b Q')LM}QL_IJ\A&
Lessions size Lessions Location SBRs
Lesions size < 15mm Lesions in lower lung lobes LowSBR
Yy ol ol
g -
- ] A - T T T
5 Wedan [ Vet | Medan [ et | 3 [ yecen| [ e | o] [t |
S ol ] 75 o7 ] S rm ug 5 1 2
8 g El 4 5
: . i = : = L
r 1 i s 1 « i
“r OSEM PSF ToF TOFPSF ) s Tor TORPSE il ” OSEM PsF ToF TOFPSF
Lesions size > 15mm Lesions in upper lung lobes High SBR
) 0 l
3 T
L 2w 2w
8 T
g 2 — T
5 T T T T 5 H
Mo S . ] Ftedar ] o N I 7 i
g R L R0 H [ [ i g [y =
T iy 1 = ¢ g
o
€ 1
" 0sEM PSF ToF ToFPSE
2 OSEM PSF TOF TOFPSF ? OsEM ToF TOFPSE ?

5 O baple 3 sy Slapls saZimdal 5 sl Slol jisbal (SUVimao) s5lailiad o pas Sk Oljn oo 0 Aoy amlia (7 IS0

(TOF ; OSEM _:x,) NON-PSF , (TOFPSF , PSF _ix) PSF (c5Lu3L slots, sl il (SBR) (slatian s 0 JiS

Fig 3) Comparison between relative differences (%) of the SUVmax for lung lesions within various sizes, locations, and
SBRs in compensated images compared with the uncompensated images for different reconstruction algorithms.
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Fig 4) Coronal PET images of a 62-year-old man with NSCLC. The mean relative difference of the SUVmax in 3 lesions for

compensated images compared to the corresponding uncompensated images was 39.2% and 41.6% for PSF and TOFPSF with

only motion compensation, respectively, and 32.5% and 36.9% for combined compensation of OSEM and TOF.
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Abstract
Back%round: The present study aims to assess the impact of various image reconstruction methods in *¥F-FDG
PET/CT imaging on the quantification performance of the proposed technique for joint compensation of
respiratory motion and ﬁartlal volume effects (PVES) in patients with non-small cell lung cancer.
Materials _and Methods: An image-based deconvolution technique was proposed, incorporatin
wavelet-based denoising within the Lucy-Richardson algorithm to jointly compensate for PVES an
respiratory motion. The method was evaluated using data from 15 patients with 60 non-small cell lung
cancer. In these patients, the lesions were classified by size, location and Signal-to-Background Ratios
(SBR). In each study, PET images were reconstructed using four different methods: OSEM with time-
of-flight (TOF) information, OSEM with point spread function modelling (PSF), OSEM with both TOF
and PSF (TOFPSF), and OSEM without PSF or TOF (OSEM). The Contrast to Noise Ratio SCNR),
Coefficient of Variation (COV) and Standardized Uptake Values (SUV) were measured within the lesions
and compared to images that were not |Erocessed using the joint-compensation technique. Furthermore,
variabilities arising due to the choice of the reconstruction methods were assessed.
Results: Processing the images using the proposed technique yielded siPnificantIy higher CNR and SUV,
particularly in small spheres, for all the reconstruction methods and all the SBRs (P<0.05). Overall, the
incorporation of wavelet-based denoising within the Lucy Richardson algorithm improved COV and CNR
in all the cases (P<0.05). In the patient data, the median values of the relative difference (%) of CNR for
the compensated images in comparison to the uncompensated images were 40.9%, 41.2%, 45.3% and
40.8% for OSEM, PSF, TOF, and TOFPSF, respectively, in the small lesions (equivalent diameter <15
mm), 31.0%, 25.9%, 34.1% and 28.2% in the average-sized lesions (equivalent diameter<30 mm), 35.7%,
33.7%, 37.8% and 33.2% in the lesions in the lower lung lobes, 33.5%, 31.0%, 35.7% and 30.6% in the
lesions in the upper lung lobes, 39.7%, 37.9%, 45.1% and 39.0% in the low-SBR lesions and 28.8%,
27.8%, 34.8% and 25.7% in the high-SBR lesions. Changes in motion amplitude, target size and SBRs in
the patient data resulted in significant inter-method differences in the images reconstructed using different
methods. Specifically, in a small target size, quantitative accuracy was highly dependent on the choice of
the reconstruction method. o ) ) ] o )
Conclusion: Our results showed that joint compensation, and incorporation of wavelet-based denoising, yielded
improved quantification from PET images. Quantitative accuracy is greatly affected by SBR, lesion size,
breathing motion amplitude, as well as the choice of the reconstruction protocols. Overall, the choice of
reconstruction algorithm combined with compensation method needs to be determined carefully.

Keywords: 8F-FDG PET/CT, Reconstruction Algorithm, PSF, TOF, Combined Compensation, Respiratory Motion,
Partial Volume Effect, Quantification, Lung Cancer
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