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Abstract: To investigate the partial volume effect (PVE) and its influence factors for
sphere lesion positron emission tomography (PET) images and provide the basis for
PVE correction, the computer simulation experiments for PET imaging were performed.
According to the theory of PVE formation, PET images of the sphere lesions with
diameter of 2-30 mm were simulated with computer program in the ratio of background
to lesion of 0-0. 7 under system resolution of 3-15 mm. The maximum and the average

pixel values and the width of the lesion images were calculated. The results show that
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the maximum and average pixel values increase with the lesion diameter in S shape under

every system resolution and background. The maximum and average pixel values

decrease in inverse S shape with the increasing of the system resolution under every

lesion diameter and background. The maximum and average pixel values linearly

increase with the increasing of background under every lesion diameter and system

resolution. The width of the lesion image is independent of the background under every

lesion diameter and system resolution. The FWHM of the lesion image is close to the

lesion diameter for the lesion which size is larger than system resolution and the

difference increases with the system resolution value, it doesn’t change with the lesions

which size is smaller than system resolution and it is equal to the system resolution.

Key words: positron emission tomography; partial volume effect; influence factor; sim-

ulation experiment
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Fig.1 Maximum and average pixel values vs lesion diameter without background
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Fig. 2 Maximum pixel value vs lesion diameter

under different backgrounds
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for lesion diameter of 2 mm and 30 mm
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Fig. 6 Ratio of maximum and average pixel values to true value vs ratio of background to lesion
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under different system resolutions

3 WREEiR

TP S50 5 OSSR AR L, B ]
ARAT B 1) S HCHRE T A S 4 1
AN Z BE LA 25 0 55 A 0 B G 2 RO
(R N R 2 ) I B 4 19 2 ) 0 B3 b
PN G2 NN PSR R AN T S
ZE A BRI A5 S T TR AT 8 B RSB SE .
AHIEFE /N AR R BEAR R 25 6 5 TP
2 23 i) g R 9 350 2 AR A0 R AT AU 52 B
B O X LA SR AR R 1 AT TR
TS 96 L 23 5 1 B — B Ul I B 4D S 3 2 ]
AT B o A AR Xk B 0T W A 52 B 195 JE ) A
17 7B SE R T 5T - A = HE =S (8] P LA 2% Bl R/
A ERTE o bt o £ 25 Fh otk (998 5L 3R R AT
AN TR 25 T8 73 B 3R 00 45 A% I 2 R 1 B 6 il
A7 BB S B s T BAGR o b 1 3 23 25 B

K5 EEN KR,

DA A5 R S 06 iF 5 B ./ PET &
G v Kt 1 5 B2 55 ) 23 8] 9 kiR B 22 L (e ke
BB 2 FRAK N K /N 55 W 5 () g A i B TG 56 L B
Tl 43 75 FRRKON, 1 A 38 AN 52 W 225 () 9 kot 2 e 1K
BRI I o OAR SCrp s g 2 ) kb it BE [ L OF
R IR AR BT R 1 XA TR oo ko R
AR B 52 S S 75 BRSO 4 B

RS bkt EAR RN A3 (] 43 R b 22 0
T AR B, MBS 2 R (] 1~ DI
ST X SHIER AR A5 R ]
UL BRIE ok UG AT B ™ 5 1358 50 8 RN - TC 1
FOEOL AL EAR o BESEY 0.2,0.5.1. 0, 1. 5,
2.0.2. 5.3 f5H  AE R0 k0 B de R 5 HL FL{E Y
Fb 433114 0. 027.0. 159.,0. 500.0. 790.0. 937.,0. 987
0. 999, 1fii Bk & 9 kb i #H 7l A 0.003, 0. 047,
0. 290.0. 633.0. 863.,0. 966,0. 994 , A1 T kt- 988 i 43
Bk BRTE 55 4k 9 9. 3. 383, 1. 724, 1. 248, 1. 086,
1.022,1. 005 f%, 0] WX F/NF 43 B 10 BROE I
b SR B ) 2R LIS AT 1 T R, Y AR R A R
g —2f Bf o BROE 95 kb 5k 8 e K (Bt AN A BL(E Y
4TV AR EHAR R4 BRI 3 A5 DL BB Bk B
o e 5 B e KA L AN A 22 001, L HC B e i
ARGEF BB (TOAR B 5 53 78 UKW X g K o &2
SR AL 1) 5% e A W] 2200, LX) o A 5 B - 1
(B BR KT G 20245 22 00, H— BRI B
AWFFAR B S8 5 SGIRL21 ] Ehie—3K

P 5 F ) 50 B Ry 4 A L 77 ek LS5
JEE L AR B i A i B R v R o
580 E 2R T /DN o 3k X 448 6 5 s A M R 2 Y
XA G PO kL TR Bl . 58 b A S



5564

PR3 %45  PET [RR P BRTE o Kk B 308 3 25 R0 B R il PR 26 1141

PR kL ) BB T B 0 A e 1R SR IR
AT 5O BE A (0 S50 B PR AL SR B (e K
(B P MED 59 kb B 290 25 75 500 S PR A
Fb L O s 5622 1928 B R PR 15 3t
FHE o B S0 v AKT 25 1 5 AR R 4 1
FLETCHEM P 6) o ifF— 25 40 A1 5 bk e 11 75 5=
AR CLATS 520 0 45 - 49 45 ] o kb o 3 {1
(EAB A DI E 8 iy SEom . MY T4 8 Fik
JIE 2 ) e ORF JE 8 s 50) , T s A 1
25 [E) F A 5 15 5 T8 56 (B 6) AT 51 H1 Sy 0t e B
5525 1) 5 B /N TG 56, BV AR BB G 4 2%
SRR 1R ) 55 49 225 [0 i BE R /N TG 6 31X
5wk 12-13 M) J2 56 45 5 — 30

T2 v e B IT 45 R (B T R Yk
AR5y Fr it , Ho kb B AR T 3w AL e 9 kb 1 2
o B (L 220 1 k2 T AR S T S (]
SIPEARI , I ASRRA E o kL AR . KBRS
M ES AN TS TP, 28 58
AL SE B — B, (AR TE R, AR
50 AR 2T S S K R KA — 2 b 1 B
JIE S T AN JE A k58 o R N — P A A TE

T3 SRS A ek (2K B I R
Kb/ RS [ BER 2Z MG DL, B 5 B 1R (1 45
W, PET EUGH ) b o 55 BUE (SUV) 21l A
e A2 AR bR - 58 SCR - SUV =4 kL 1 ik
SRR B/ G SR 500 o/ AR D o AT UL 9 A AR RS
PR B ST SUV [ SER , 323543 28 BUSON (5%
i, SUV KT ELIZAE . HL kR /N MBS 3R 15 19
SUV 45 BUSLEBAR . X F A SCHh i ERIE o 4k 24
HERE PET 25 [H] 43 BER 1 2 56, 3L SUV 4%
BESLEAR 13. 7%, I B2 % T 5 $F %t , SUV
B A ESEAR 71 % . Rt I PR B SUV S50 b
Jo MR L R 2 R ) RN

1E PET S2by U5 o o th FAZ R = A8 i Bl AL
P B — MR AEAE Gk ik (Gt ) |
FEX(E AR N GE 1 R M R o AR OB 4L 5
B rh R 2 RS T RS L A Y S 6 kS8 (E Y
T 5%« L3 3 28 BLRIORE B AR I AN 52 458 11 W 75 1
S L AT X PET % — 4k 55 8] #9355 2 25 BLAL
N AR 5T 20 S B B U S AT AT Y .

T PET BEMZ b 938 43 28 BURL Y 2 fF —
AT R R ik . AR AT T
3 016K SE50 - 15 3 1 BRIE g kb 1) 8 40 25 B %

5 55 A5 B 23 B AR kb A AR R T R
[] 5% 28 9 o K » O 3 S 23 2 AR 5 4%
A ISENEUE S PSEN Ve Y i

R e

[1] MAISONOBE J A, GARCIA C A, NECIB H, et
al. Comparison of PET metabolic indices for the
early assessment of tumour response in metastat-
ic colorectal cancer patients treated by polyche-
motherapy[J]. Eur ] Nucl Med Mol Imaging,
2013, 40(2): 166-174.

[2] COELLO C, WILLOCH F, SELNES P, et al
Correction of partial volume effect in ¥ F-FDG PET
brain studies using coregistered MR volumes: Voxel
based analysis of tracer uptake in the white matter
[J]. Neuroimage, 2013, 72(1): 183-192.

[3] THOMAS B A, ERLANDSSON K, MODAT
M, et al. The importance of appropriate partial
volume correction for PET quantification in
Alzheimer’ s disease[ ]J]. Eur J Nucl Med Mol
Imaging, 2011, 38(6): 1 104-1 119.

[4] GIOVACCHINI G, LERNER A, TOCZEK M
T, et al. Brain incorporation of ''C-arachidonic
acid, boold volume, and blood flow in healthy
aging: A study with partial-volume correction
[J]. J Nucl Med, 2004, 45(9); 1 471-1 479.

[5] TORIGIAN D A, LOPEZ R F, ALAPATIS, et
al. Feasibility and performance of novel software
to quantify metabolically active volumes and 3D
partial volume corrected SUV and metabolic vol-
umetric products of spinal bone marrow metasta-
ses on *F-FDG-PET/CT[]]. Hell J Nucl Med,
2011, 14(1) . 8-14.

[6] BENCHERIF B, STUMPF M J, LINKS J M, et
al. Application of MRI-based partial-volume cor-
rection to the analysis of PET images of u-opioid
receptors using statistical parametric mapping
[J1. J Nucl Med, 2004, 45(3): 402-408.

[7] QUARANTELLI M, BERKOUK K., PRIN-
STER A, et al. Integrated software for the anal-
ysis of brain PET/SPECT studies with partial-
volume-defect correction[J]. ] Nucl Med, 2004,
45(2) . 192-201.

[8] BARBEEDL, FLYNNR T, HOLDEN ] E, et al.
A method for partial volume correction of PET-
imaged tumor heterogeneity using expectation maxi-

mization with a spatially varying point spread func-



1142

JRTRERIERR 48K

(9]

(10]

[11]

(12]

[13]

[14]

[15]

tion[ J]. Phys Med Biol, 2010, 55(1): 221-236.
FANG Y H, MUZIC R F, Jr. Spillover and par-
tial-volume correction for image-derived input
functions for small-animal " F-FDG PET studies
[J]. J Nucl Med, 2008, 49(4): 606-614.
SRINIVAS S M, DHURAIRAJ T, BASU S. et
al. A recovery coefficient method for partial vol-
ume correction of PET images[J]. Ann Nucl
Med, 2009, 23(4). 341-348.

PR PR . PROE % . 55, IE L T BB 0 4
RO, B PR 5 RS IE 1 B R LT ], o AR e 2
45 ,2003,23(5) :318-319.

GENG Jianhua, CHEN Shengzhu., CHEN Ying-
mao, et al. Theoretic analysis of the causes and
correction of partial volume effect in positron
emission tomography imaging[J]. Chin J Nucl
Med, 2003, 23(5): 318-319(in Chinese).

PhRoc e Bt Ae  F 38 R, 56, I TR ST Z A
i 5 HR S 45 BRI B A 0L AT 5 B 2 3 A 5%
(], JRFHEREH R ,2004,38(5) :467-473.
CHEN Yingmao, GENG Jianhua, TIAN Jiahe,
et al. Simulation study and experiment verify of
partial volume effect for positron emission tomo-
graphy[J]. Atomic Energy Science and Technol-
ogy, 2004, 38(5): 467-473(in Chinese).

PR35 B A F 3 R . 5. PET BARTR 4
BN SR WE A [T ], o PR 22 AR R, 2004,
20(1):99-102.

CHEN Yingmao, GENG Jianhua, TIAN Jiahe,
et al. Partial volume effect in PET images:
Phantom study[J]. Chin J Med Imaging Techn-
ol, 2004, 20(1): 99-102(in Chinese).

PRIE% . Bt fe 35 R . 5. PET RG4 B &
HMERY LR PEEFEGRER,
2004,20(5) :778-780.

CHEN Yingmao, GENG Jianhua, TIAN Jiahe,
et al. Experimental study of system resolution
and influence factors in positron emission romog-
raphy[J]. Chin J Med Imaging Technol, 2004,
20(5): 778-780(in Chinese).

PR PR PR AR AH L 45, DR Sk A5 B iR &
G B RS R L. ol 72 5 3R
Hi AR .2007.27(2) :180-183.

GENG Jianhua, CHEN Yingmao, CHEN Sheng-
zhu, et al. Dual-head coincidence imaging resolu-
tion and influence factors[J]. Nucl Electro Detect

Technol , 2007, 27(2): 180-183(in Chinese).

[16] B fe, PR3k, BR Ak ML, 45, WUIR 3k 47 & &

[17]

[18]

[19]

[20]

[21]

[22]

[23]

SUV 5 PET % SUV i LLERFSE[T]. e
# 2k ,2004,24(5) :308-309.

GENG Jianhua, CHEN Yingmao, CHEN Sheng-
zhu, et al. Comparison of dual-head coincidence
imaging SUV with PET imaging SUV. A phan-
tom study[J]. Chin J Nucl Med, 2004, 24(5):
308-309(in Chinese).

R AE R, BR 9 58 5. AR 40 25 B Xk AL
LSRN B RSZm ], PR E R,
2003,23(4) :247-249.

GENG Jianhua, CHEN Shengzhu, CHEN Ying-
mao, et al. Influence of partial volume effect on
fual-head coincidence FDG images[J]. Chin J
Nucl Med, 2003, 23(4): 247-249(in Chinese).
WRoC % Bk fe AR, . —F 0L IE PET
FR AR A BN 1Y 5 i LT ). B 722 S54RI
Hi AR .2007,27(6) 11 231-1 238.

CHEN Yingmao, GENG Jianhua, TIAN Jiahe,
et al. A simple method for partial volume effect
correction in PET images[]J]. Nucl Electro De-
tect Technol, 2007, 27(6): 1 231-1 238(in Chi-
nese).

PRt fe , BRocyie . | 35K . 55, ACIE PET KR B
M SUVEMB L] Bl F¥% 5HNER,
2009,29(4) :925-930.

GENG Jianhua, CHEN Yingmao, TIAN Jiahe,
et al. Lesion’s standard uptake value correction
in PET images[J]. Nucl Electro Detect Technol,
2009, 29(4): 925-930(in Chinese).
PR, HEE AR, R MU B 30 5 52 bR 52 30 19
DO B A i s [T ], o AR R B 2 2R i, 2002, 22
(6):371.

GEWORSKI L, KNOOP B O. CABREJAS M
L, et al. Recovery correction for quantitation in
emission tomography: A feasibility study[]J].
Eur J Nucl Med, 2000, 27(2). 161-169.
MENDA Y, BUSHNELL D L., MADSEN M T,
et al. Evaluation of various corrections to the
standardized uptake value for diagnosis of pulmo-
nary malignancy[ J]. Nucl Med Commun, 2001,
22(10): 1 077-1 081.

SAKAGUCHI Y, MIZOGUCHI N, MITSUMOTO
T, et al. A simple table lookup method for PET/
CT partial volume correction using a point-spread
function in diagnosing lymph node metastasis[]].

Ann Nucl Med, 2010, 24(8): 585-591.





