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I mproving quantitation accuracy of small animal PET
/NEVH PET & IC 3T 2 E &M EICEET 98
Yasuhiro Wada
1. Introduction

Positron Emission Tomography (PET) is an imagingiae to obtain 3-dimensional
radioisotope distribution in living animal¥he aim of PET imaging in research purpose is to
obtain physiological or pharmacokinetic parametsugh as clearance value of brain uptake,
by kinetic analysis with dynamic PET images. PETages are required to be with high
gquantitation accuracy which is defined as the amumf radioactive concentration in PET
images. Improving quantitation accuracy is an ingodr factor for higher accuracy of
physiological parameters of PET imaging.

PET scanner counts annihilation gamma photons exrfitom positron-emitting radionuclide
by using coincidence detection method. PET detectsonly true coincidences which have
information of RI distribution, but also random oidences and scatter coincidences which
degrade image quantitation accuracy and qualitynt@a photons originated from outside of
axial-filed-of-view (axial-FOV) of PET scanner cae detected. And these counts can be not
only random and scatter coincidences, but alsouececof increasing count loss. High count
loss degrades image quantitation accuracy andtguedo. Thus, reducing detected gamma
photons originated from outside of the axial-FO\pioves PET image quantitation accuracy
and quality.

2. Purpose
The purpose of this study is improving PET imagerditation accuracy and quality, by

shielding gamma photons originated from outsidéhefaxial-FOV and dramatically reducing
random coincidences, scatter coincidences and ¢tosmt

3. Materialsand methods

In this study, we have developed a body shieldafoat which can be used with microPET
P4 system, and we have evaluated its performareenicroPET P4 system is a small animal
PET system with a transaxial-FOV of 20 cm and aki@V of 7.8 cm. The body shield was
made of 9-mme-thick lead. It is ease to adapt miEfDP4 system without any modifications of

gantry or bed of the system. The performance etialudas done with phantoms and rat head
scans.
1) Performance evaluations with phantoms
The phantoms consist of a head and a body phamtodngan be filled with isotope solution

individually. The phantoms were filled witfiF solutions, which the radioactivity ratio of the
head and the body was 1:20. About 17 hours scares pezformed, and sorted into a dynamic
sinogram which has random, true + scatter coinciegn

The measurements were done for 3 cases, the haatbphonly without the body shield, the
head and the body phantoms with and without they tsbdeld. The true + scatter, random

1il



coincidences count rate, noise equivalent courd (BIECR), the accuracy of count loss
correction, the uniformity of region of interest@R mean value along with the axial direction
and scatter fraction were evaluated.
2) Rat studies

The NECR curve comparisons between with and wittieeitoody shield were conducted for
90 min after the injection of{CIDASB or [|*F]JFDG. Different rats, but similar weight for
each tracer, were used for each injection. Theighteand injected radioactivity were, approx.
250 g, approx. 25 MBq forfCIDASB and approx. 280 g, approx. 70 MBq and appBibd
MBq for [**F]FDG. We also compared images BF]JFDG injected with and without the body
shield.

4. Results

1) Performance evaluations with phantoms

The following effects were obtained by using thelyoshield. The random coincidence rate
was decreased to approx. 1/10 with an activity dfiBq in the head phantom. The true +
scatter coincidence rate was increased to appBd%.\8ith an activity of 11.3 MBq in the head
phantom. The NECR was increased approx. 6 timels ant activity of 7 MBq in the head
phantom. The error of count loss correction wasiced to -5 % from -11 % with an activity of
11.3 MBq in the head phantom. Approx. 5 % non-umifity of ROl mean profile along with
axial-direction was solved. The scatter fractiorswdgcreased to approx. 10 % from approx.
25 %.
2) Rat studies

The NECR increasing was seen prior to 2700 sec #feeinjection for J'*C]DASB. After

this period, no apparent NECR increasing was deen[**F]JFDG, NECR increasing was seen
for the entire period by using the body shield. Hipntrast and low statistical noise images
were obtained by using the body shield.

5. discussion

We have developed the body shield can be usedsnidl animal PET, the microPET P4,
without any modification the gantry or bed systeBy. using the body shield, increase in
NECR, improvement of count loss correction, deaeasscatter fraction and solving ROI
mean value profile non-uniformity along with axairection in images, were observed. And
these effects can make the higher PET image gatotit These effects are remarkable,
especially, for brain imaging in neuro science \Wwhiequired the high injection radioactivity to
obtain detail information. The body shield is usefwl to improving quantitation accuracy in
small animal PET images.

6. Conclusions
Quantitation accuracy in small animal PET imagesiramatically improved by the body
shield.
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5o NSO AL (W vy MR RR D) B SNTY—ME 7 7~ AH
BBl 2 X2.1.6127F, T b OGO G R ILFiltered Back Projection
(FBP), Ramp filter v A 71374 F A MEAWKE TITo72bDTH D, [X2.1.6
D@)E (b)ILIZ 7 7 > b AEYRIEDO E T B AEOEEMEDORREIT DIV, #T
FHHEE WA 2R, 2-3 mmEEE O K X X dDRegion-of-Interest (ROE % E L
TOFHIIZITRERBRENGT END,



@) (b)

X2.1.6 v MR D MRS 7 2 b AOH]
1% : %SDA Y GHEMD 720 B4 (@) & %SDiaMEW (Bt
HAE) B (D)

(2) BRELFEIREE B DFHIE

BOELAIE X, BELRFHEZMET 250 TH Y . EIZ4ODFERD 5[2.9,
210, #h b, VB2 LX—T 4 v FUEHWDLHIE Q2R =
—Yay (BHiALR) LFarvRla—ar (MERAKR) EERERICLE
ik, Q)EELFRIRF RSy A 2 T L CHIIET % 71k, (4)Maximum Likelihood-
Expectation Maximization (MLEMY): & 25K & 9% Wi B A IS RH A A D 515
Thod, SBEEM L7/NEHIPETERE microPET PACHE [ S 41TV 2% DIX(3)
BELRIRERHE M 2 THI L CTRIET 2 B TH D, T OFHIKIZ2RDOMEE Y o~
FRONLRMEEN ST RN OWE L FHASEMZ L CURIZZ T 2> 7 R UBGELA
ELDEVIREICHKSE | WELRIFRFEH O M Z A 2 7T L TR (HEL
RRFFH A 2 7T L), BE+HELRIREHEY A 2 77 A0 6T 6 HiEThH 5,
BCGELRIRER R D oA &, ARWZE R B 0 8 % < Bl 7 v — RIZJRA %
IA[2.3)& R L, PETE(GO 2 F T A METFRERMEZLET 5, 721X
2.1.4(Cc)2mT L 9IRS D A% @i 9 HLOR BICHRFAET 5 K 5 7elrliks
FHECH R S L. DRSNS FAET D L O oA bor L, PETHEIIR D =2 |
FAMETFEBICEEEZKRFEES, BHE 4cm OB—MEE 7 7~ FAD
B ORIFFEHEL, BELRIREEHER O % % [X2.1. 2273, X OBELRIREF 4L 0 i
MNE . BELFIREFH O 5417 v — R C, £727 7 & N AOFET D55 04
I E TR 2 TWNDEDNGTND,

BCELRIRERHER 2 B3 2 72 O ORGELIEDS . PETEREICIIMHAA T TV A,
A alfEH U2/ N FIPETEEE C© & D microPET PAC I THRGELIFIR 345054 2 7
B L THIET 251 OBEMMEELZHEHA L T 5[2.10), ZOHETIETI v



T a T =2 LROTEPETOMBFNOIR A E FT U AI vy a v A%y
L ROCTEE D & 3K T2 IR 40 % BT BELRIE R O i 2 RO D b D Th 5,
Z D72, KT OIS B 2 BSOS X 2 BUELRIREFH UL B R &
W2, T HIZEN T 2 BELFRIRE UM ET 2 2 & TE ., PETH#
DEBIEDIE T EH <, LA > CTPETRHIUIEF (A5 6 48 41 5 & o HhL R
A ST Z L iE. PETHEEB O E &N EIZHRO THEZITH 5,

(a) ED REIEET (b) B EL RIFFETR

X2.1.7 EHE 4cm O¥—HME 7 7> N AOPETH : B0
[RIRF TR (@) & BRELRIRERTH Y 1 7 7T A BAS T i
(b)

(3) AR

AR I IE IR EC AR L7 T~ OFHETH D v v VT Vit sk %
TR R 2 RO TThILD[2.2], LML, @y > ZVEHER TIEAE R
R+ TH Y PETEBGEOMENMEL 725, 2T, FFZT v MO L 51T/ S 725
WA 2 512, @OBGBREREEZ &G L-GEIc, RERFHIERIFAT
G ERMELRTSE D, Zoflich, &5 EFEKHZA T ¥ 2Bt LCE#
(ZITHEEBRENV RN T2 T2 < FRIRIES O 72D O RS 3D D F >~ H PETD
BRHEHCAS L, EEEKTFOERIZ/Z S,

ZO XN, RET REFNIC & D RRIR D 6 720 T 7 < Rl T [ R B SRR
DO G~ RPIRHEIC AR5 Z & TREEAEAE L, FAHEHEEAMIEDR
FEMET L. 8 E L CPETHE O EBMENMET T 5,

22 MTEMEE

HEE SR (Noise Equivalent Count Rate: NECR- 1%, #HEI & fvi= 4%
DEZRTHDOTHH[2.2,211] M7 v 7 MakEFHUTILEEL & 5
FREFFHEA G £hv, 7r 7 FRIREEE B 8L & MBI RR R C 5



LI LV EORFFGFH A RO TV D, EEICEHISTWD 7 m 7 b &%
RO IRE RS 35 STV B[2.8]72 %, PETH{G OfF Bl e bt
(Signal-to-Noise Ratio: SNR)E. ED[RIEEFHEZ1T T <, ﬁﬁEL’?ﬁ%ﬂﬁ%iﬁt
DEEEZ 2T Do NECRIHGELCMBIEFRFHER L Y o LUE LT HE Ik T
[i] USNRDOPETH {4 %455 7= % _Z%ﬁﬁ@ﬂﬁ#ﬁi%T?%@T%D(Z$
K CHRHEEIND, FEHNOGRENE L [F UKE SOV & V- g T, (2-3)
AT f=1 L LCEHRE SN H[2.12, 2.13]

T2 (T+S)-(1—SF))?
T+S+2-f-R_ (T+S)+2-f-R
ZIT, T, EORIFFFHEER
S; HELIRIRFFH
R; fBFS[RIRFRTH A
f, BRSNS S oD B EI S
SF, #iL77 7 v av

THR OSNRIZ, NECRDFGARIZELH] L[2.11]. NECROS EWME ERmVSNR
@W%N%ﬂ W 72505y DAL RIS PE TN © TAEIC 72 5,

2.3 s mRE SRR OB

22T~ X 91T, (Kl 7 B AN & 2 8RN D D T~ B AR I A
SUmtansg &, ﬁ%ﬂﬁﬁﬁ BCELIRIRE R, BHEBGR R DN Z ol &k 2
LPETH D E&MEZIK T S8 5, [X2.3. U2 (A J5 16 41 B 7 O FRIFI TN -5+
NENOFHE OB A2 7R3, (KT RS0 O o~ $ D AST % i3
52 LK 0 PETHE O EEM M BN TE 5,

25" o ¢'=>" - ¢M
W V/ Y/

(a) (b) (©)
[X12.3.1 (Al 5 [ LB SRR 2> & DO RS - BAE [RIRFET 4 (a).
BCELIRIRE R TR (D), M OV o 7 VR ()

.10.



BIE EBRMBR U

3.1 PETHE

AWFZEAE ] U=/ I PETEE & 13, microPET P4y — X o A 4H#L Knoxuvill,
TN, USA)TH 5[1.19], K3.1.UZEEBE O E R, Vo F L —F OMEIL
lutetium oxyorthosilicat (LSO)TH D, o FL—F T J A X )LD RKEX I132.2 X
22x10mrd, 24 mnt vy FTORE SN TS, Yo FL—F 27 ) ZAZ/LT 8x8
ZHRNAT 1 OOMBEABAPMT (EfA~7 4+ =27 28 R5900C8, Efy, HA)
IZHEE SN TV D, AR Y v 7 ONERIZ26 e, A S v — DB D £&IE22em,
FHes ) o Wi IINEE D26 cndgh il = v Ry —)L R ST\ 5,
(R 5 AR EF137.8 em Wrim NAREFERIE 20 enTHh 5, i L 7= [RIREEHHI R R g
IZ6 nse, TR/LF—17 ¢ K71X350 -650 keMIf%E L7, ZEM0fifHEIX1.85
mm (Full width at half maximum: FWHNTC, & fi#ae/ Nl HPETHEE & L Cid
KYIDOBEHET NV TH D, FRkER3.1LUTRT,

X|3.1.1 /NEHIPETEEE microPET P44

-11-



% 3.1.1 microPET P® =72 f14E

microPET P4
VT L—H T U RE MY LSO
VUFL—H T ) RAHLHE 2.2 x 2.2 x 10.0 mfh
VUFL—H T YREILE T 2.4mm @R 7 A AN, (KihI71)
VT L—H T Y RAE VL 10,752
BHER ) v I NER 26 cm
BH b2 22 cm
{RH 5 a4 B 7.8cm
AT A ANPLEFE 20 cm
~ oy R E 20 kg
Zeff) oy fikie (g7 i ErG)  1.85 mm (FWHM)
(] P 3 R ] s 6 nsec
TRVXF—T 4 Ry 350-650 keV

32 Zy FNEHHAAEREI —LVF

43.2.1()2 % L7 7 v FEREREHAI A AR > — v B (LU R S —L R
) OREERZ R, EEE Y —L FOREHIIE. )Ny RE2 & TPETHE
BAKEZUET D ZER<HEHTE S L, QEIMAF v L BOEHIRG 21T
DG AR TR L — L RO A LN TE D2 L, (AT v U HIZT
> NOMCRENBIEE TE 5 Z & (ABURMEEAI ORI G072 5 2 &,
(5)7 v MEEE7Z1T T < B PESERIE G- O VER AN ORRIR ) O D o~ 3
HilEfr CE A &, (OIMBRHRIERFFO e — X 20T oNb Z &, D6
ERE LT,

MEIFSH T, 1 mmEOIRZIER, GFF9 mmE & Lz, RIS —L
i, PETEE Ry N EICERE L, PETARIKOR y FEFELZUET D 2 Ll
H3oZamBlc L, 7y NOMBERDERHITT 5 %I12X3.2.10) R~
K ONTRERER > — L RiE, B E o — v R EEC B & LT, S A
X v VRICBH AF v BT O FTHRGE S — L RER 1T T 5E1E, v —
VR EEZEN L, Ty MRS BT, JEREZSN L. T v b & YRR ] C R
BET DI EAAEEL LT,

(RERET S — L RIZHBEAELE L CWRWD T, %70 BRI K 4 K82 8l
BTCEDH, BEERKT 5 Z LI 0 BEIRERFOEGERITHT, 77
VORI D Z LI X 0 ERTE D OPETH R~ D T 2 < RO NS b i S
5,

.12.



(a) (b)
¥3.2.1 7 MEHEREHA A AREREL > — b RIS & T HE
MG & ~HE@) LRI & v — v RARIKZ 5B L7 MKEE (b)

AT LN R D T2  S D H v~ s, PETHH 2RI E B2 A S 2 B O
#HiPH 2 [X3.2. 22777, H v P PETH A (ZEEEAST T 5 #iHIIPETEE O %
TN S AEAEDZ OE T ITEME LTV D AR S — L R ORTEIZIPETO (Kl /7
MR DuG I —BT 5 L O ITERET 5, KT — /L N2 X > THENEZ ST
Z v NDEZL DEZDO DT <R S D Z Enbinsd, (B, /il (88
A OEEHL—L RN ThH - Th, Eipile—v R OMHE G 0%
I L7 o~ R s B AS  fEIk T N ET D,

.13.



130 mm

110 mm

130 mm

110 mm

$Af End-Shield
BHBTOUT LA ELT

B ARG A E S A REN O

#3430 mm

(@)

$#A%! End-Shield

__,_.xiﬁﬂjas'@w‘wzﬁﬁauc

BRH TR EMA RREND
iR s

#9430 mm

(b)

X|3.2.2 WO TH o~ B3 SN HPETEE

DERST PR T ORI « (Rl s — /L RN A (a)L

Rl —L R &2 il L7256 (b)

33 FERAZ 7V b A

A LM 7 7 > b A& K33 UTRT, 77> b AIFEEEH & R A
W BERTRE & Lz, BEENH 7 7 > h AOWNERIT28 mm £ Z40 mmé L. BHEIX
24mlk Uiz, BEEH 7 7 > P AIZE 1 mmo 7 7 U 8L e L s mmE o
TV TESIWNWE, 7 7> bAk, BES05mmoAR Y =F L
TLT7HT— FIOAFEE L, WEFO~HEIZ50 x 50 x 100 mm 5513240 ml

.14.



LT, BHER AR T 7 v b AR E N E B & O U R O [ FFDGIE TR
T L. BEER T 7 ¥ N DA RS BN, (R T 7 v b A A Rl )
RIS LT,

BHER & AR ESIC S 5 [P FIFDGIRIK O JU REIR L 1X R BRI R 0 72, X
3.3.2(a)2iF [FIFDGZ 5 L7-8A D, E g & KD 7= 5HES & (R o fi
FHEELL 2B G0 DO TR LIZZ 7 7 Th D, X3.3.20b)Fke h=rFT
Z R —ZIZHEA T 5 [HMCIN,N-dimethyl-2-(2-amino-4-cyanophenylthio)benayliae
((M'CIDASB) & 4% 55 L7285 A OFEES & TIEERD & A F 2 » 7 Wilg0 b U RELL %
BHNL ORI ORLIZZ T 7 ThD, [PFIFDGD 7 7 7 13 &5 Wi xt LT
S L 7= b D TH B, [M'CIDASBD T 7 IZEEER & FIEE O TRLTH 5,
WUk TlL T v MC[MC]DASBIZ. #%#720-30 MBg%5- L TV 5, M et
RKTKI20CH D Z & L0 B & R O U etk 21:208 Lc, 77 FAD
BN 110TH D Z LD ITREIREITL1:2E 70 5, T ORGTRELLITERES &
REER OIS REE N IR K E R DG EEBE LT LD TH S,

Head phantom Body phantom

l |

\

28 x 40 mm 50x 50 x 100 mm
(a)
- "
b G
(b)

¥3.3.1 FHH 7 7> ba (@& 77 hASERE T > b
DB EBERA DY T-XK(b)

-15-



15

10 |

. Head 5

¥ ¥ ¥
1 ’ '
> o A = [

0 A I I 'l i Il e I

Total Activity Ratio
/7

0 1000 2000 3000 4000 5000
Time (sec)
(a)
25
20
2
K
15
2
=
©
S 10
8
o
—
5
0
0 1000 2000 3000 4000 5000
Time (Sec)
(b)
[X13.3.2 SEES & AR O i RE L O B ZEL < [*FIFDG(a)-
[*'C]DASB(b)
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34 FHESE

MR BCRAE, SHEARRAIERS RS, WELT 7 7 2a U R OMRERE T 7

N AR O ARG G —HEIZB LT T o 72, ERENOEEBIZOWTRER >

— )V FEETORIZINZ, BT 7> N AOHROF M HIT -7, Bl 7 v
N LD B OFEAMIL, AE ST LR M A RE A SE I N FRABR 7 RETH D |
(RERT S — L N L CHIE 21T - 72,

TRTOWET, EIRHPETEEMEREFAN B CTdH H5NEMA Standard NU-2
1994[2.12]2 % U CToT» 1=, /NEWMPETEE ST REML 1A T 2 NEMA
Standard NU-4 2008[2.18}. Kbk I PETH: EMEREZTA 05T ks T db 2 NEMA
Standard NU-2 2007[3.2} & % 25, Z AU HIEFHCERFHEDBEFICEN T 7 7
Y hAR, MEOBEHENIZ, B EOMIRZRET LR THY . EEOEHY
NCTORIRESH L Bl D, F0%,. L0 EBEOBYN OGRS TN —T
@7 7 v b L&AV TV HNEMA Standard NU-2 1994 % U C1{T - 7=,

Fo. EBEOT v FEHOT[UFIFDGE [MCIDASB% # G i o — L
ROZNFEHHE LTz,

341 BBt & M S E B R AR

77 v A E AW EHECREFEORIE L, BEEL Y 7 > b AR PETEE O Kl
B NI ARERES =7 7 o b SR MR/ E L, R s — L Nk iE
L7EGaE L LRWGEICH L U ToTe, £ 7 7 0 ADOHLEZFKE LTS
Bl L THITo 72,

A% v VBAAERF O ST RER IR 7 7 > b AIZ12 MBA b, (R T 7 > kA
(213240 MB@EL L& 72 5 X S ic, [“FIFDGIE &= L. FLITHREBIEHI L, 55
NIeT — 2 DB T 7 > b AWNEURRBIZ X9 25 B + HUELRIRFR R (T+S) &
FERIRFRHBCR(R)D R R 2 R D 7,

HIEIX3RIT Y A FT— KTV, span=3, ring difference=825%4: CHER %D
YA 7T NEER LT, BERIIYA 7T 5D 7 L— AREIZ30P T, 7 1
— AMICIE164 T OBNE L TR WK 2 58 E L CL R0 1480 43 L2 30FD ]
DT —Z EVER LT,

7w N & T2 FHECRERME O TS B P FEA P 5Bl 4 & [RIRF L2 540080 [
HIEZITWV, A F 2 > 7 H7E T, 6x10 sec, 6 x 30 sec, 11 x 60 sec, 25 x 1801sec,
X 120se@ RN DY A 7 77 K% span=3 ring difference=30 5 THULEL L |
K7 L— LOFHE & R D B R Z R 72,

FHECERERE D O M MR R A . T2 (T+S+2RD & W TR D 72[1.19],
BELT 7 7 v a i3, KAL3TRTRERICHE S E | 10%E OE L CRGELRIRFF
EROT=Z,

.17.



342 FEHRRMIEREFNM

AR ERE ST, 3.4.1CTE LN A T A EFHIEIEIAHIE & AR
EZAT o T AR L 72 B8 RIZROIZERE L | € OFEIHE T d 5 ROImear FIVT
M U 72, MRS IX. Fourier Rebinning(FOREE T / 77 L %2 tAl.
L 7=® H(Z2-dimensional FBP(2D-FBR}Y = i 9% 5%k, 3725 FORE +
2D-FBPETIT-72[3.2], L7274 V% —FRamp. &~ F A 713 A F A b
JEWE & V2, microPET AT ADFHEE M EIL, v v 7V AFHERE H
WTHIIERE A KO, 7 L— L OB IEREZ R U THIEL TWD, fl
I L72RONZEAE20 mmD HEROIZ, BHE T 7 > N ADOHRERLDL0R T A AT
xt L CE LTz,

AR A E T 7 —(%)1X. 100*(ROlyeROle) / ROVefiZ L W R D7-, ZZT
ROl T 7 7 o b LHRERA0R T A A DROImead? T2, ROed X7 MR K
MWLYWL FTH D EHRINDIRT 7 N AOFHEE, 0.24 - 1.2 MBgD#iH T
KT HIER T 7 > b AHFIE, 402 T A ADROImead VHMETH 5, HIEIE,
R — L REHEL | BHE Y 7 o N DD KL DEGE TITV, ik L7,

343 BEL7 T 7 v a Vil

WEL7 7 7 v a » OFHfiiE. NEMA standard NU 2-1994[2.12PNU 4-2008[2.13]
ERBRD FIETIT 72, (BHL, E6 56 & ¥ —MREREIED FI BRI 2 A
AVTCTOEFHITH D, NU 2-1994C 1 F M fHREI AR DO EAE1X20 cmT, #0722 50 cm,
4.5 cm 9.0 chD L E IZHERFIRZ AN D H DO TH DA, microPET PACFKET 5
ZEMNTERY, £72NU4-200807 » 7 7 > M AIFERES ecm K X15cm
YURAT7 7 RAFER 25cm ES7.0cmThH D, EH D EHRRIRERE A M
W7 7 b AFLBEZENZENLT.5 mm, 10 mm LA B ISR ET D, 25D
77 NAIEEOT v NEBOKRE S EZORIEADOGANBRKEL B D, £
DAIZINIIUATRT L D 7N EE28 mmoy—HMfE 7 7 > b A& L TR L
7=

BELT 7 7 2 a Rk L CRE 2B BB FERESY A 2 7T 0T
— X EHNT, 772 FAADOEH DA T NI T CEELRIRE S, 7 7 >
N LD CONMED T T Nin 7 7 o b APICEGELIRIREE S E LTI E L
TWAHERELTHELZ 77> a v 2 AT A AEITKRD T, K3.4.3T7T L9
YA ) 7T DT aT 7y ANV ERD, 77 v N ARERALE TOYA T
TADMEERD D, TNEILES1amm SrammE Ly 7 7 & N AOELZIZHIGT
LA 7T A EOE T BN ENe & T DL 7 7 0 b ANEORELFEIRF K
1%Sn=Npixel * (S1amm* Stiamm) /28 LTKRD D, F727 7 2D T T MK

.18.



772 N DA OBELRIRF T Sows LTRD, WEL7 77 v 3 U SF = ((Qu+
Sn) / (T + Sut+ Sn)) X 10052 2 7 A ZfFITRD T,

(KEpER L — L KA. B — /L ROBZOBEIZ OV CREEICEEL Y T 7 v
a v xRDT,

F1/55 4

JoorALehig

%13.4.3 HELT7 T 7 > a v OFm ST EORE X

3.4.4 K5 m DX —HEFAR

R 7 m oY —MiX, 3.4.3CHW=Y A / 7 F L% FORE+2D-FBR Ramp filter,
Ay MAZIET A F A MEAERBCCEG IR ZITO 2 LI KV EHh Lz, Bl
FHIE & EMEIZ TR > T,

AR S NI EAR20 mmD FIEROIZERE L, A T A A DROImead 5
HRYS — L R MR L CEile U7z, & OFHIIE., BEER Y 7 > b LETRES 6.8
MBqD LA DWW TIT -7,

345 ZEEDTZ v bEAWZFE
[Y'CIDASBE [MFIFDGE VM= T v b DEEER A F v A2 DWW Txf LT, i
W — v ROFHI AT - 72, M FHECRARE & M SRR LT, K
RS — L R LTI T2 2 S I2 X ViTo -, MEESMEEITEL 7 T 7
/a/%m%bﬁmbfkbﬁmWCDMBTj:&5%@%%24M&HMHHB
1. K970 MBg& #9314 MBOD A I DWW TR — v K & BECLEf 217
oto:@%ﬁﬁ%@é@%@ﬁyh%ﬁﬁbfﬁbh\%@twmﬁ%&ﬁ

.19.



O REIZZE 2R U Ty, 1ZIER U4 chii 247 - 7=,

["*FIFDG T 5-1£30%7 7> & 1543 RN O PETH {4 0 bk & 1T - 7=, {5 Ff
f%IZFORE+2D-FBR 7 4 /L% —|ZRamp # v M A 73T A F & b EWKE DSt
TITo Tz, BELMIE, BESHEIX T o7,

.20.



BAE EBER
41 77 v b ATOFE

411 BHECR L HEESMmE RS

S 7 7 o N ANHUHRRIC R 2 B A BOELIRIRF R (T+SFrME A2 [X4.1.1(a
(ZRT, E T ABFERIRFEHECR(RYFFME & HE S SR ECR(NECRWHE 2 . [X14.1.1(b)
LN, ENTIURT, LIRSS ERFICHY 35, BEE T 7> b AND K
FHRENT MBQIZ B\ T, (RERER T — L RIZ K o> TR I [RIRFRH R 0 I 1L CRE
WA LT D (1M4.1.1b)) , B85 7 7 > b AN ETEEAY11.3 MBCDO B A2,
B4 B3R R R 35 UL E EH LT 5 (M4.1.9a) . ZAUHRgEss —
VRIZEK Y, HEBEERERNED Lz EEZOND, Il T 72 N ADHD
Gra ik, R — v REHWZGE L0 b @O E HGELRIRES R &R
R EIRFF R A R LT,

MR FMEHECRE 2 4.1 1(cIZrR T B 7 7 o~ N AUHREDYT MBOTH 555
ARSI — L RERWD Z 22X 0 FIGEFEE, M SMMistBeRr ik
Lic, Fo, BHE 7 7 > b ANETBEOHIINCE > T, MEE MR O gE
RIRELrote,

150

Radioactivity ratio head to body phantom 1:20
for No shield and 9-mm Shield

125 | )
e=i===9-mm Shield T+S
——No Shield T+S

100 | --o--Head Only T+S

~
o

50 |

25 |

True+Scatter Count Rate (kcps)

0 2 4 6 8 10 12
Radioactivity in the head phantom (MBq)
(@)
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150 >
Radioactivity ratio head to body phantom 1:20
for No shield and 9-mm Shield

125 | «==9-mm Shield R
—<—No Shield R

~ --&--Head Only R
2 100 y
)
.
[
§ 75
S
3
3 50
£
(]
e 25
]
14

0 e - ===

0 2 4 6 8 10 12
Radioactivity in the head phantom (MBq)
(b)
100
Radioactivity ratio head to body phantom 1:20

90 F for No shield and 9-mm sshield

80 f —==9-mmsShied

70 —<—No Shield o

--&-- Head Only
60 f e

NECR (kcps)

0 2 4 6 8 10 12
Radioactivity in the head phantom (MBq)
(€)
[X4.1.1 (Rl —/L FaRiEy & MEERF OB 7 7 &~ b A
PITBEIZ 63 2 RHECR « B+ HELRIR G MR (@), BT RE
RIECR (D), M OEE M EHER ()

412 EHEBHRIMERZE

RS — L ROFMETOIHE 7 7 > b ANKSTREIC KT 5 PR s 4 o
ROImeafE DA A X412~ 7, BHE Y 7 & b AP HELL MBodD & =12, fK
RS — /L RZRE LRAWE AT DA TH » 1208, (KEE Y —V R %
RETHZLIZED, REITSWL TR ST 2N TE, 7 7 b

LDBDYGFEITIX FHER 7 7 > b ANHEEELL MBoCREZEITL WREELL FThH -

-22-



—o

===9-mm Shield
.30 [ ——No Shield
--=--Head Only

ROl mean value error (%)
U
N
o

Radioactivity in the head phantom (MBq)

X4.1.2 (KRRl — b RigiEhy & BERRER O Y 7 > b A
PO BRI K3 2 AR BRI 4 1 D ROImeadifl DR

413 BELZ7F7vav

ATA AFFRTHMELT T 7 v a vk RSB — L ROR 8 LR
72 b AOBOHFEIZOVTIHALATRT, KBS — L R L OB ICIEA
TAAFFICIVHIT 77 v a v BREERY KBET 7> F LARHRE
XN TWAHE (KXxART A ARE) ©. KXAWILTS 79 OfisT
LCWS, (R — L RIE L CIESEL 7 5 7 > a U3k T30 WL Fio7 b
FDONEJT25 %R Th -T2, KBy — /L FEEETLH LR, 254
AZBHEAFT D72 720 . WELT T 7 ¥ 3 ITF10 WREE £ Tl L, S
77 b ADHDEGE LRFEICIR ST,
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30 === 9-mm Shield
—<—No Shield

X 25 [ -<--Head Only
5
B 20
o
L 15
8
S 10
(]

5

0 .............................
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