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IntroductionIntroduction

PProstate cancer is often diagnosed as a multifocal disease, mainly rostate cancer is often diagnosed as a multifocal disease, mainly 
spread via clones named Dominant Intra-prostatic Lesions (DILs) spread via clones named Dominant Intra-prostatic Lesions (DILs) 
[1]. In patients with prostate cancer, the detection of the precise [1]. In patients with prostate cancer, the detection of the precise 

location and volume of DILs has a great impact on diagnosis and plan-location and volume of DILs has a great impact on diagnosis and plan-

Original

ABSTRACT
Background: Respiratory movement and the motion range of the diaphragm can 
affect the quality and quantity of prostate images. 
Objective: This study aimed to investigate the magnitude of respiratory-induced 
errors to determine Dominant Intra- prostatic Lesions (DILs) in positron emission to-
mography (PET) images.
Material and Methods: In this simulation study, we employed the 4D NURBS-
based cardiac-torso (4D-NCAT) phantom with a realistic breathing model to simulate 
the respiratory cycles of a patient to assess the displacement, volume, maximum stan-
dardized uptake value (SUVmax), mean standardized uptake value (SUVmean), signal 
to noise ratio (SNR), and the contrast of DILs in frames within the respiratory cycle. 
Results: Respiration in a diaphragm motion resulted in the maximum superior-
inferior displacement of 3.9 and 6.1 mm, and the diaphragm motion amplitudes of 20 
and 35 mm. In a no-motion image, the volume measurement of DILs had the smallest 
percentage of errors. Compared with the no-motion method, the percentages of errors 
in the average method in 20 and 35 mm- diaphragm motion were 25% and 105%, 
respectively. The motion effect was significantly reduced in terms of the values of SU-
Vmax and SUVmean in comparison with the values of SUVmax and SUVmean in no- motion 
images. The contrast values in respiratory cycle frames were at a range of 3.3-19.2 mm 
and 6.5-46 for diaphragm movements’ amplitudes of 20 and 35 mm.  
Conclusion: The respiratory movement errors in quantification and delineation of 
DILs were highly dependent on the range of motion, while the average method was not 
suitable to precisely delineate DILs in PET/CT in the dose-painting technique.
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ning radiation treatment. DILs are defined by ning radiation treatment. DILs are defined by 
molecular or functional imaging techniques molecular or functional imaging techniques 
[2]. Recently, the positron emission tomogra-[2]. Recently, the positron emission tomogra-
phy/computed tomography (PET/CT) method phy/computed tomography (PET/CT) method 
has been applied as a critical functional imag-has been applied as a critical functional imag-
ing tool for imaging prostate cancer, especial-ing tool for imaging prostate cancer, especial-
ly for detecting DILs and evaluating response ly for detecting DILs and evaluating response 
to radiotherapy [3, 4]. It is now known that to radiotherapy [3, 4]. It is now known that 
PET images have high-contrast with low-res-PET images have high-contrast with low-res-
olutions [5], causing some uncertainty on the olutions [5], causing some uncertainty on the 
determination of DIL margins. determination of DIL margins. 

Respiratory motion is the primary source of Respiratory motion is the primary source of 
artifacts in PET/CT imaging, causing tumors artifacts in PET/CT imaging, causing tumors 
to move rotationally and/or transnationally in to move rotationally and/or transnationally in 
thorax and abdomen even at pelvis regions [6], thorax and abdomen even at pelvis regions [6], 
and leading to lower maximum standardized and leading to lower maximum standardized 
uptake value (SUVuptake value (SUVmaxmax) estimates of the region ) estimates of the region 
of interest and accurate quantification of the of interest and accurate quantification of the 
tracer uptake in tumor lesions [7, 8]. Blurring tracer uptake in tumor lesions [7, 8]. Blurring 
in PET imaging has been shown to reduce the in PET imaging has been shown to reduce the 
amount of standardized uptake value (SUV) amount of standardized uptake value (SUV) 
in lung tumors. For the correction of blurring in lung tumors. For the correction of blurring 
in PET/CT images of the prostate and seminal in PET/CT images of the prostate and seminal 
vesicles, affected by the physiological move-vesicles, affected by the physiological move-
ments of respiration and pelvic organs, it is ments of respiration and pelvic organs, it is 
required to know the number of variations, required to know the number of variations, 
caused by the motion. In this investigation, we caused by the motion. In this investigation, we 
assess the respiratory movement effects on the assess the respiratory movement effects on the 
displacement, volume, SUVdisplacement, volume, SUVmeanmean, SUV, SUVmaxmax, con-, con-
trast, and the SNR of DILs in frames within the trast, and the SNR of DILs in frames within the 
respiratory cycle. Also, we used GATE [9] to respiratory cycle. Also, we used GATE [9] to 
obtain images and reconstruct images of DILs obtain images and reconstruct images of DILs 
in PET images with high-time resolution.in PET images with high-time resolution.

Material and MethodsMaterial and Methods

GATE and 4D NCAT phantomGATE and 4D NCAT phantom
In this simulating study, the GATE software In this simulating study, the GATE software 

was utilized to simulate the Siemens Biograph. was utilized to simulate the Siemens Biograph. 
ThruePoint PET/CT scanner, installed in the ThruePoint PET/CT scanner, installed in the 
Diagnostic and Therapeutic Center of Tehran, Diagnostic and Therapeutic Center of Tehran, 
Shariati Hospital.Shariati Hospital.

The 4D NCAT phantom was applied to ob-The 4D NCAT phantom was applied to ob-
tain CT attenuation maps and activity distri-tain CT attenuation maps and activity distri-
bution volume as a series of transaxial slices bution volume as a series of transaxial slices 
for the pelvic organ of the human body at the for the pelvic organ of the human body at the 

same respiratory cycle.same respiratory cycle.
The 4D NCAT phantom is a sensible whole-The 4D NCAT phantom is a sensible whole-

body computer model based on non-uniform body computer model based on non-uniform 
rational B-spline surfaces (NURBS), display-rational B-spline surfaces (NURBS), display-
ing the anatomy and physiology of the human ing the anatomy and physiology of the human 
body [10]. The 4D NCAT can provide high-body [10]. The 4D NCAT can provide high-
resolution airway-gated CT datasets that re-resolution airway-gated CT datasets that re-
alistically simulate human respiratory move-alistically simulate human respiratory move-
ment. The 4D NCAT can also establish the ment. The 4D NCAT can also establish the 
same breathing protocols between PET and same breathing protocols between PET and 
CT. For the determination of DILs in detail, CT. For the determination of DILs in detail, 
we used a pelvic activity map with the cor-we used a pelvic activity map with the cor-
responding damping map to evaluate the er-responding damping map to evaluate the er-
rors due to respiratory movement in PET/CT rors due to respiratory movement in PET/CT 
images. For the better interpretation of PET/images. For the better interpretation of PET/
CT, the concentration of Gallium-68 prostate-CT, the concentration of Gallium-68 prostate-
specific membrane antigen (specific membrane antigen (6868Ga-PSMA) [11] Ga-PSMA) [11] 
of a normal organ was obtained from the SUV of a normal organ was obtained from the SUV 
measurements of previous studies [12]. Nine measurements of previous studies [12]. Nine 
release and matching attenuation images were release and matching attenuation images were 
generated in a normal respiratory cycle of 5s, generated in a normal respiratory cycle of 5s, 
and thereafter, each image corresponds to 0.56 and thereafter, each image corresponds to 0.56 
seconds per cycle (Phrase again).seconds per cycle (Phrase again).

In the current study, nine emission and In the current study, nine emission and 
matching attenuation images were generated matching attenuation images were generated 
in a normal respiratory cycle of 5 s and, af-in a normal respiratory cycle of 5 s and, af-
terwards, each image corresponded to 0.56 s terwards, each image corresponded to 0.56 s 
per cycle (phrase again). Also, diaphragm mo-per cycle (phrase again). Also, diaphragm mo-
tion amplitudes were calculated as 20 and 35 tion amplitudes were calculated as 20 and 35 
mm, which were consistent with other report-mm, which were consistent with other report-
ed studies [13]. The matrix size for all images ed studies [13]. The matrix size for all images 
was 157×157, with a pixel size of 4 mm.was 157×157, with a pixel size of 4 mm.

DIL Size, Location, and ActivityDIL Size, Location, and Activity
In this study, we simulated one median DIL In this study, we simulated one median DIL 

with a diameter size of 8 mm, placed at the with a diameter size of 8 mm, placed at the 
right lobe of the prostate gland [14]. Accord-right lobe of the prostate gland [14]. Accord-
ing to previous studies, the ratio of a DIL to ing to previous studies, the ratio of a DIL to 
the prostate activity was 8:1 in all simulations the prostate activity was 8:1 in all simulations 
[15].[15].

Attenuation correction and recon-Attenuation correction and recon-
struction of PET imagesstruction of PET images

The 4D NCAT phantom was applied for the The 4D NCAT phantom was applied for the 
simulation of the human phantom of the PET simulation of the human phantom of the PET 
scanner. GATE PET- 2- STIR platform was scanner. GATE PET- 2- STIR platform was 
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used to match the GATE simulation outputs to used to match the GATE simulation outputs to 
the Software for Tomographic Image Recon-the Software for Tomographic Image Recon-
struction (STIR) to generate sinograms from struction (STIR) to generate sinograms from 
the PET output roots. We used STIR to correct the PET output roots. We used STIR to correct 
attenuation and reconstruction of PET images. attenuation and reconstruction of PET images. 
[16]. All steps are schematically described [16]. All steps are schematically described 
in Figure 1. The ordered subsets expectation in Figure 1. The ordered subsets expectation 
maximization (OSEM) algorithm, as a typi-maximization (OSEM) algorithm, as a typi-
cally employed method in commercial recon-cally employed method in commercial recon-
struction software, was performed to recon-struction software, was performed to recon-
struct the PET images, containing 4 iterations struct the PET images, containing 4 iterations 
and 20 subsets. Reconstruction for each frame and 20 subsets. Reconstruction for each frame 
on a personal computer with a 3.30 GHz CPU on a personal computer with a 3.30 GHz CPU 
and 14 GB of RAM took 10 min.and 14 GB of RAM took 10 min.

Evaluation the method usedEvaluation the method used
The 4D NCAT generated nine emission The 4D NCAT generated nine emission 

frames and related attenuation frames. The av-frames and related attenuation frames. The av-
erage frame is in a normal respiratory cycle erage frame is in a normal respiratory cycle 
with two diaphragm motion amplitudes of with two diaphragm motion amplitudes of 
20 and 35 mm and the no-motion (no respi-20 and 35 mm and the no-motion (no respi-
ratory motion) emission and related attenua-ratory motion) emission and related attenua-
tion frames with one lesion. The simulated tion frames with one lesion. The simulated 
PET scanner produced roots dependent on PET scanner produced roots dependent on 
the frames. The roots were converted into si-the frames. The roots were converted into si-
nograms and submitted to the STIR. Attenu-nograms and submitted to the STIR. Attenu-
ation correction was performed for images ation correction was performed for images 
according to the attenuation frames, which according to the attenuation frames, which 
were extracted from the 4D NCAT phantom were extracted from the 4D NCAT phantom 
at the same respiratory motion obtained by at the same respiratory motion obtained by 
the STIR. Images according to frames 1 to the STIR. Images according to frames 1 to 
9, and the average frame in a normal cycle 9, and the average frame in a normal cycle 
and no-motion frame were produced. We as-and no-motion frame were produced. We as-
sessed the magnitude of induced errors in ex-sessed the magnitude of induced errors in ex-
amined DILs in terms of displacement, tumor amined DILs in terms of displacement, tumor 
volume, SUVvolume, SUVmaxmax, SUV, SUVmeanmean, SNR, the contrast , SNR, the contrast 
for all phases of breathing cycle, average mo-for all phases of breathing cycle, average mo-
tion in 9 frames, and the no-motion frame. It tion in 9 frames, and the no-motion frame. It 
should be noted that for the assessment of the should be noted that for the assessment of the 
relative errors to determine DILs in PET/CT relative errors to determine DILs in PET/CT 
images, the volume of DILs in the 4D NCAT images, the volume of DILs in the 4D NCAT 

was compared with the phantom volume, and was compared with the phantom volume, and 
the number of variables mentioned above was the number of variables mentioned above was 
compared with the values of the no-motion compared with the values of the no-motion 
frame. Equation (1) was used to calculate the frame. Equation (1) was used to calculate the 
SUV value of a DIL, with the injected SUV value of a DIL, with the injected 6868GA GA 
at a dose of 185 megabecquerel (MBq) and a at a dose of 185 megabecquerel (MBq) and a 
phantom weighting 95.0 kg.phantom weighting 95.0 kg.

( )
( )

68    /
  /  (  

Ga activity concentration MBq ml
SUV

Injected dose MBq phantom weight g
=  (1) (1)

The SUVThe SUVmaxmax of a DIL was measured using  of a DIL was measured using 
the maximum amount of DIL voxel, while the maximum amount of DIL voxel, while 
SUVSUVmeanmean was calculated by means of volume  was calculated by means of volume 
of interest (VOIs) with a fixed threshold of of interest (VOIs) with a fixed threshold of 
20%, 25%, 30%, 35% and 40% of the maxi-20%, 25%, 30%, 35% and 40% of the maxi-
mum signal intensity according to the absorp-mum signal intensity according to the absorp-
tion rate of tion rate of 6868Ga- PSMA in PET images to Ga- PSMA in PET images to 
quantitative nine frames, average (AV), and quantitative nine frames, average (AV), and 
images. The change in SUVimages. The change in SUVmaxmax and SUV and SUVmeanmean of  of 
DIL was analyzed with respect to that of the DIL was analyzed with respect to that of the 
no-motion frame by equation (2).no-motion frame by equation (2).

max s
max

s

SUV SUVSUV
SUV

−
∆ =                     (2)                    (2)

Where SUVWhere SUVSS denotes the SUV denotes the SUVmaxmax of DIL  of DIL 
measured using the no-motion image of PET, measured using the no-motion image of PET, 
and SUVand SUVmaxmax implies values obtained from PET.  implies values obtained from PET. 
For the measurement errors in estimating and For the measurement errors in estimating and 
localizing DIL volume, a threshold strategy localizing DIL volume, a threshold strategy 
was used for determining VOIs.was used for determining VOIs.

We used the threshold setting of 20 %, 25%, We used the threshold setting of 20 %, 25%, 
30%, 35%, and 40% of maximum voxel in-30%, 35%, and 40% of maximum voxel in-
tensity to evaluate the optimal correlation of tensity to evaluate the optimal correlation of 
volume ratio of PET/CT images. For each im-volume ratio of PET/CT images. For each im-
age, a change in DIL volume with respect to age, a change in DIL volume with respect to 
that of the no- motion frame was calculated by that of the no- motion frame was calculated by 
equation (3).equation (3).

 True

True

V VV
V
′ −

∆ =                                       (3)                                      (3)

Where VWhere VTrueTrue is defined as the DIL volume  is defined as the DIL volume 

Figure 1: The procedures of the simulation to obtain positron emission tomography (PET) images
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measured using the NCAT phantom, and V′ is measured using the NCAT phantom, and V′ is 
the DIL volume obtained by PET images. The the DIL volume obtained by PET images. The 
DIL volume center voxel was used to measure DIL volume center voxel was used to measure 
respiratory displacement during the respira-respiratory displacement during the respira-
tory cycle. The center voxels were defined for tory cycle. The center voxels were defined for 
analysis by a human expert. analysis by a human expert. 

Equation (4) was used to calculate the signal Equation (4) was used to calculate the signal 
to noise ratio (SNR) for all images that the ra-to noise ratio (SNR) for all images that the ra-
tio of the mean value divided to the standard tio of the mean value divided to the standard 
deviation (SD) in VOI.deviation (SD) in VOI.

( )
( )

 
Mean VOI
SD VOI

SNR =                                    (4)                                   (4)

Moreover, equation (5) was applied to cal-Moreover, equation (5) was applied to cal-
culate the contrast value as DIL quantification.culate the contrast value as DIL quantification.

( )
( )

  
    
Maximum voxel value VOI

Contrast
Mean voxel value of background VOI

=  (5) (5)

ResultsResults

DIL DisplacementDIL Displacement
For all frames, the Euclidean distance to the For all frames, the Euclidean distance to the 

right-left (RL), upper-lower (SI) and anterior-right-left (RL), upper-lower (SI) and anterior-
posterior (AP) for diaphragm movements of posterior (AP) for diaphragm movements of 
20 and 35 mm are shown in the Figure 2. The 20 and 35 mm are shown in the Figure 2. The 
displacement values in the RL direction are at displacement values in the RL direction are at 
a range of 0.87 to 1.07 mm. There was no sig-a range of 0.87 to 1.07 mm. There was no sig-
nificant difference of displacement in RL di-nificant difference of displacement in RL di-
rection quantities of all images compared with rection quantities of all images compared with 
quantities of the no-motion image.quantities of the no-motion image.

Accordingly, in the SI direction, the maxi-Accordingly, in the SI direction, the maxi-
mum amount of displacement compared with mum amount of displacement compared with 
the no- motion image was in frames 3 and 4, the no- motion image was in frames 3 and 4, 
which were 3.9 mm and 6.1 mm for the dia-which were 3.9 mm and 6.1 mm for the dia-
phragm motion amplitudes of 20 and 35 mm, phragm motion amplitudes of 20 and 35 mm, 
respectively. respectively. 

The difference of displacement values in the The difference of displacement values in the 
SI direction between the average frame and SI direction between the average frame and 
no- motion image for the diaphragm motion no- motion image for the diaphragm motion 
amplitudes of 20 and 35 mm was statistically amplitudes of 20 and 35 mm was statistically 
significant.significant.

In the AP direction, maximum displacement In the AP direction, maximum displacement 
was in frames 6 and 7 of the respiratory cycle. was in frames 6 and 7 of the respiratory cycle. 
There was no marked difference in the amount There was no marked difference in the amount 
of displacement between the average and of displacement between the average and 
no- motion images in the diaphragm motion no- motion images in the diaphragm motion 
amplitude of 20 mm; however, the maximum amplitude of 20 mm; however, the maximum 

difference between the average and no-motion difference between the average and no-motion 
modes was observed at diaphragm motion am-modes was observed at diaphragm motion am-
plitude of 35 mm.plitude of 35 mm.

Calculating the volume of the Le-Calculating the volume of the Le-
sion sion 

Table 1 shows the percentage of DIL volume Table 1 shows the percentage of DIL volume 
errors in the respiratory cycle frames. DIL errors in the respiratory cycle frames. DIL 
volumes were evaluated with thresholds at volumes were evaluated with thresholds at 
20 %, 25%, 30%, 35%, and 40% of the maxi-20 %, 25%, 30%, 35%, and 40% of the maxi-
mum voxel severity of respiratory patterns. mum voxel severity of respiratory patterns. 
The comparison of all volumes with the con-The comparison of all volumes with the con-
structed DIL volume showed that the volume structed DIL volume showed that the volume 
measurement errors increased in 35 mm-dia-measurement errors increased in 35 mm-dia-
phragm motion.phragm motion.

In the no- motion image, the volume mea-In the no- motion image, the volume mea-

Figure 2: Displacement of Dominant Intra- 
prostatic Lesions (DILs) (mm) as a result of 
the respiratory motion in a) RL (right-left), b) 
anterior-posterior (AP), and c) the SI (upper-
lower) direction in the respiratory motion 
traces, no-motion and average
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surement of DIL comprised of the smallest surement of DIL comprised of the smallest 
percentage errors. At a 20% (of the maxi-percentage errors. At a 20% (of the maxi-
mum) voxel intensity threshold, the estimated mum) voxel intensity threshold, the estimated 
amount of the DIL volume in the no-motion amount of the DIL volume in the no-motion 
image increased, resulting in reduced efficien-image increased, resulting in reduced efficien-
cy of the treatment in the dose-painting tech-cy of the treatment in the dose-painting tech-
nique. nique. 

A 25% (of maximum) voxel intensity thresh-A 25% (of maximum) voxel intensity thresh-
old would be appropriate to estimate the vol-old would be appropriate to estimate the vol-
ume of DIL in the no-motion image, while the ume of DIL in the no-motion image, while the 
percentages beyond 25% (of maximum) voxel percentages beyond 25% (of maximum) voxel 
intensity threshold can underestimate the DIL intensity threshold can underestimate the DIL 
volume in the no-motion image. The number volume in the no-motion image. The number 
of errors in the average method compared to of errors in the average method compared to 
the no-motion method in 20 and 35 mm dia-the no-motion method in 20 and 35 mm dia-

phragm motion was 25% and 105%. Thus, phragm motion was 25% and 105%. Thus, 
there was a significant difference between the there was a significant difference between the 
estimated volume of the average images com-estimated volume of the average images com-
pared to the volume of the 4D NCAT phantom.pared to the volume of the 4D NCAT phantom.

Measured Values of SUVMeasured Values of SUVmeanmean and SUV and SUVmaxmax  
in DILsin DILs

Table 2 shows the measurements of SUVTable 2 shows the measurements of SUVmaxmax  
and SUVand SUVmeanmean of DIL in nine frames, average  of DIL in nine frames, average 
frame, and no-motion frames with thresholds frame, and no-motion frames with thresholds 
at 25%. The changes in SUVat 25%. The changes in SUVmaxmax and SUV and SUVmeanmean  
were measured and analyzed for DILs by two were measured and analyzed for DILs by two 
diaphragm movement amplitudes. As shown diaphragm movement amplitudes. As shown 
in Table 2, the comparison of the no-move-in Table 2, the comparison of the no-move-
ment PET image with other images indicated ment PET image with other images indicated 

Frame A and B 20% max 25% max 30% max 35% max 40% max 

Frame1
13 -5 -21 -23 -34
30 2 -19 -22 -32

Frame2
27 1 -2 -16 -40
3 46 28 0 -25

Frame3
9 -5 -16 -36 -43

14 -5 -5 -7 -25

Frame4
9 -5 -16 -36 -43

55 34 14 2 -5

Frame5
11 -5 -9 -3 -36
55 34 14 2 5

Frame6
20 -5 -16 -23 -41
18 0 -14 -16 -42

Frame7
28 -5 -16 -23 -20
55 30 16 -2 -12

Frame8
77 39 21 0 -12
55 30 16 -2 -12

Frame9
-5 -8 -36 -46 -57
20 0 -12 -23 -28

No motion
13 5 -21 -23 -34
30 2 -19 -22 -32

Average
62 25 16 -12 -19

162 105 48 7 -9
A and B represent 20 and 35 mm diaphragm motion amplitudes

Table 1: Dominant Intra- prostatic Lesion (DIL) volume errors of positron emission tomography (PET)
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that the motion effect significantly reduced the that the motion effect significantly reduced the 
values of SUVvalues of SUVmaxmax and SUV and SUVmeanmean in comparison  in comparison 
with the values of SUVwith the values of SUVmaxmax and SUV and SUVmeanmean in no- in no-
motion frames.motion frames.

SNR and ContrastSNR and Contrast
SNR and contrast values were used to assess SNR and contrast values were used to assess 

image quality. Table 3 depicts the measure-image quality. Table 3 depicts the measure-
ments of SNR and contrast in 9 frames, aver-ments of SNR and contrast in 9 frames, aver-
age frame, and no- motion frame. age frame, and no- motion frame. 

The contrast values in the respiratory cycle The contrast values in the respiratory cycle 
frames were at a range of 3.3 to 19.2 mm and frames were at a range of 3.3 to 19.2 mm and 
6.5 to 46 for diaphragm movements’ ampli-6.5 to 46 for diaphragm movements’ ampli-
tudes of 20 and 35 mm, respectively. Accord-tudes of 20 and 35 mm, respectively. Accord-
ing to Table 3, there was a significant differ-ing to Table 3, there was a significant differ-
ence in SNR diaphragm movement amplitudes ence in SNR diaphragm movement amplitudes 
of 35 mm between the no-motion and average of 35 mm between the no-motion and average 
frames.frames.

DiscussionDiscussion
Analytical simulations with adequate mod-Analytical simulations with adequate mod-

eling have notable profits and can provide eling have notable profits and can provide 
validated results. The general pattern of move-validated results. The general pattern of move-
ment of the prostate and DILs is unpredict-ment of the prostate and DILs is unpredict-

able due to the respiratory and diaphragmatic able due to the respiratory and diaphragmatic 
movements because its repetition is influenced movements because its repetition is influenced 
by the bladder movement, and the fullness of by the bladder movement, and the fullness of 
the bladder and rectum. However, the Monte the bladder and rectum. However, the Monte 
Carlo simulation method has provided facili-Carlo simulation method has provided facili-
ties to investigate the effect of the respiratory ties to investigate the effect of the respiratory 
movement on quantitative and qualitative ac-movement on quantitative and qualitative ac-
curacy of the images obtained from prostate curacy of the images obtained from prostate 
tumors. The results showed that the maximum tumors. The results showed that the maximum 
displacement of DILs in the SI line was 3.9 displacement of DILs in the SI line was 3.9 
and 6.1 mm in the diaphragm s amplitudes and 6.1 mm in the diaphragm s amplitudes 
of 20 and 35 mm, respectively, which was of 20 and 35 mm, respectively, which was 
similar to the results of a study conducted by similar to the results of a study conducted by 
Hong and colleagues [17]. The assessment of Hong and colleagues [17]. The assessment of 
the mass movement in the lung and prostate the mass movement in the lung and prostate 
during breathing and diaphragm movements during breathing and diaphragm movements 
was performed. To best of our knowledge, no was performed. To best of our knowledge, no 
study has been so far carried out on the ex-study has been so far carried out on the ex-
tent of the mass movement during breathing tent of the mass movement during breathing 
and diaphragm movements [17]. The results and diaphragm movements [17]. The results 
showed that the displacement of respiratory showed that the displacement of respiratory 
and diaphragm movements affects the volume and diaphragm movements affects the volume 
of DILs in different frames of the respiratory of DILs in different frames of the respiratory 
cycle and the mean respiratory motion. Our cycle and the mean respiratory motion. Our 
findings demonstrated that the relative volume findings demonstrated that the relative volume 

SNR Contrast
A B A B

Frame1 3.10 3.30 5.90 6.50
Frame2 1.14 3.50 14.87 36.90
Frame3 1.10 3.60 18.5 42.60
Frame4 1.10 3.57 18.5 30.62
Frame5 1.15 3.57 19.2 30.60
Frame6 1.07 4.10 15.6 37.20
Frame7 1.02 3.57 13.87 28.60
Frame8 1.50 3.54 13.50 28.60
Frame9 3.10 3.30 3.30 46.00

NO motion 5.2 3.12 16.50 43.13
Average 3.40 3.04 11.60 14.60

A and B represent 20 and 35 mm diaphragm motion ampli-
tudes

SNR: Signal to noise ratio

Table 3: Measured Values of signal to noise 
ratio (SNR) and Contrast 

SUVmean SUVmax

A B A B
Frame1 1.51 3.10 3.90 6.47
Frame2 2.80 2.35 6.01 5.17
Frame3 3.20 3.06 7.40 6.37
Frame4 3.18 2.44 7.3 4.89
Frame5 3.45 3.01 7.89 6.71
Frame6 2.66 2.02 6.40 6.71
Frame7 2.80 2.01 5.69 4.30
Frame8 2.44 2.02 5.40 4.20
Frame9 3.30 3.07 7.80 6.90

No motion 3.53 3.01 6.47 6.47
Average 2.90 0.90 5.36 2.19

A and B represent 20 and 35 mm diaphragm motion ampli-
tudes

SUV: Standardized uptake value

Table 2: Measured Value of standardized up-
take value SUVmean and SUVmax in Dominant 
Intra- prostatic Lesions (DILs)
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of DILs in comparison with the actual size of of DILs in comparison with the actual size of 
DILs in the diaphragm movement domains of DILs in the diaphragm movement domains of 
20 and 35 mm, was at a percentage range of 20 and 35 mm, was at a percentage range of 
-5-77% and 14-55%, respectively. Grammifar -5-77% and 14-55%, respectively. Grammifar 
and colleagues have conducted a similar study and colleagues have conducted a similar study 
on the mass of lung and liver in three phases on the mass of lung and liver in three phases 
of the respiratory motion. The percentage of of the respiratory motion. The percentage of 
relative volume changes vary between 1% and relative volume changes vary between 1% and 
135% depending on the size and location of 135% depending on the size and location of 
the mass in the abdominal area [7]. the mass in the abdominal area [7]. 

As displayed in Table 2, the compari-As displayed in Table 2, the compari-
son of the no-motion PET image with other son of the no-motion PET image with other 
PET images revealed that the motion ef-PET images revealed that the motion ef-
fect significantly diminished the values of  fect significantly diminished the values of  
SUVSUVmaxmax and SUV and SUVmeanmean compared to the values of   compared to the values of  
SUVSUVmaxmax and SUV and SUVmeanmean in the no-motion image.  in the no-motion image. 
The contrast values in the respiratory cycle The contrast values in the respiratory cycle 
frames were at a range of 3.3 to 19.2 mm and frames were at a range of 3.3 to 19.2 mm and 
6.5 to 46 for diaphragm motion amplitudes of 6.5 to 46 for diaphragm motion amplitudes of 
20 and 35 mm, respectively. Notably, accord-20 and 35 mm, respectively. Notably, accord-
ing to Table 3, there was a significant differ-ing to Table 3, there was a significant differ-
ence in SNR diaphragm motions amplitudes ence in SNR diaphragm motions amplitudes 
when measured at 35 mm between the no-mo-when measured at 35 mm between the no-mo-
tion and average frames. The results indicated tion and average frames. The results indicated 
that displacement of the respiratory and dia-that displacement of the respiratory and dia-
phragmatic movements influences the volume phragmatic movements influences the volume 
of DILs, SUVof DILs, SUVmeanmean, and SUV, and SUVmaxmax, which are all , which are all 
crucial for the detection of DILs.crucial for the detection of DILs.

In this study, quantitative and qualitative In this study, quantitative and qualitative 
changes in PET images in high-temporal changes in PET images in high-temporal 
resolution respiratory cycles were evaluated resolution respiratory cycles were evaluated 
precisely, whereas previous studies failed to precisely, whereas previous studies failed to 
measure these alterations at high-temporal measure these alterations at high-temporal 
resolution accurately. Previous research only resolution accurately. Previous research only 
evaluated the tail-end and deep tail-end of the evaluated the tail-end and deep tail-end of the 
above values.above values.

Changes are important in radiotherapy re-Changes are important in radiotherapy re-
sults of the Dose-painting by contours (DPC) sults of the Dose-painting by contours (DPC) 
technique. DPC is a radiotherapy technique technique. DPC is a radiotherapy technique 
for the better control of the mfor the better control of the mass during the 
treatment course and its side effects, requir-
ing the precise determination of the location 
of the mass, as well as its volume and mass 
function for the administration of higher doses 
of a particular drug. Although in radiotherapy 
treatment planning, the motion is regarded as a 

marginal determinant, sometimes the overesti-
mation of the margins of DILs is not suitable 
in some therapeutic approaches, for example 
dose-painting techniques or intensity-modu-
lated radiotherapy (IMRT) [18]. The enhance-
ment of the therapeutic response through 
boosting DILs and maintaining the standard 
dose in the rest of the prostate is the aim of the 
external beam radiotherapy treatment, which 
may need the motion compensation technique 
to ensure detection and delineation accuracy 
for maximum delivery of treatments to DILs.

Conclusion
In the current study, the Monte Carlo simula-

tion, as a reference concept, was used to assess 
the effects of respiration and diaphragm mo-
tion on estimating the location and volume of 
DILs in prostate cancer. Our proposed respira-
tory motion leads to the noise and blurring of 
PET images. Also, we showed that the volume 
of DILs extracted by absorbance of 25% (of 
maximum) voxel intensity in the threshold 
method was closer to authenticity compared 
with other examined thresholds.
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