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A method separating of the tissue radioactivities
from the integrated head tissues

Part 1. An Experiment on Phantoms
By

Hiroshi Tanaka

Department of Radiology, Kyoto University School of Medicine, Kyoto, Japan
(Director: Prof. Kanji Torizuka)

Research Code No.: 705

Key Words:  Gamma-ray spectrometry, **mT¢O-,, Brain

Human tissues facing to a collimator were respectively looked as volume radiosources. A new method
which could separate the tissue radioactivities by the use of gamma-ray spectrometry in vivo, was reported.

Scalp, skull and brain phantoms were made, and they were filled with 2T cO-, solution except the
skull phantom. The scalp and the brain isotope contents were separated from an external counting by
the use of the mathematical calculation after the spectrometry. The separated results were in agree-
ment with the measured contents.

Generally, the limitation of this separation technique was that before the spectrometry, a linear
absorption coefficient and thickness of each tissue should have been given. But this limitation will be

excluded by the information from a computerized transaxial tomography.
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Fig. 1. Measurement of radioactivity from a so-
urce in integrated N-sources. Observed value §';
of a radiosource §; (absorption coefficient p;,
thickness X;).
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Fig. 2. Two sources model. Tr (['1), T (J'):
CPM from a spectrometry,
Ka, KB: I't/I'n from a source A,B. u1, s
absorption coefficient of I', 'm for source B.
My, M coefficient of I't, I'n for source A.
Ka, Xp: thickness of source As’B.
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T1==Ar+Breexp(-— p1+XA)
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Ka=Ai/An
Ks=B1/Bu

hEBANE, A, An, Br 3 L o8 Bu pifEs
B g, po, Ka BS5X00 K 1352 bRt
AT B,

Wiz Fig.3 WREND 2FA% # 2.5,
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TWw5b, ZOxF AT scalp #§{E A, brain %
SUEB &% %, ¥R brain 3 skull, scalp
Figd® S, S, FBMUTEN E 5 &L,

Dx X @XEHHTIUT,

total I"1==scalp ['t+brain ['1»
exp( — (1 Xsc-kyp Xsk)]
total I'i=scalp I'1u+-brain I'1m1. L
exp( — (puXsc+vuXsk)) I[
Ksc=(scalp I'1)/(scalp ['n) [
Kbr=(brain I'1)/(brain I'm) J
AEBRS, m BEY pn ik T B I'mic
AT BHEHEO, i FIW X MBI I o
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brain I'n
{ Ksc Kbreexp[[ — (g1 Xsc+vXsk)]

[scalp I'n=

=1

1 exp( — pnXsc+vr Xsk)])
total 1 )
Lotal I"IIJl (4)
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LCHEEE 0.7enfifi9.30x9.30em D E ik, 1
HE LT, ES9.30en0 ST A {EH L
o, BEF AR TEORREOHEIEAR T, P

=
7,777

Na I (TIl) cetector
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» Fig. 3. Two radiosources and one attenuator. A
block diagram of the phantom study.
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—L—-IL~ point source

...A-Jzk scalp only

COUNTS

brain only

brain and skull

‘A}ﬁl[l_ brain, skull & scalp

IBkev 140 ke
Xray Gammaray

Fig. 4. Energy spectra of Tc 99m. Five spectra
of the combinations of phantom or of a point
source.
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Table 1. Total /', ['u:

each phantom. Calculated scalp ['mu, brain ['ir :
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exp( — (#nXsc+wnXsk) = 0.829% X O

exp( — (p1 Ksc+ur Xsk)J= 0.0
FMRAL, FHll L7 total It & total I'm 2 %
T, HEA Y v P EA Y v YRS LE. Z
DFRERLFE R IO 7 7 » b — AP CHEE
HfiEi & DRED < — 2 v FRERE R DIz,
Table 1 (XABEHAIL 0 4B hic B B X O
IADFHEER & Bsh TR e b 0 & O i iR
TA%, HEER, BEEEoWTIE 2.8%, e
WTL 3 % ThHolc.

. 3R

2 Y A= 2R UCHEBT 24 4#88k% T hre
T 5 AR ERC L, chbOLER X
DEUIHBIER 7 v~ —ff A2 br i b Y-
LODWETEDZ LER L. Lh LA
B HEE, BHA&D B 23 X0 SRINERE »1
BEMTHLZ EBRBETHL. 20 o i
EMI, ACT A7zt ® Computerized transaxial
tomographic scanner? vy, #HfE 5 AHE
HERBHBPW, Figkhe Fig.5emddore, A
F 3y VORT LA T, h2a) 2—x—Di
BT S MHEREHAToOBBAE SR X h, 4
BOESIEHTHB TS, Frefbshs b
—F—OH v - AF— i‘C;if[l-‘Xﬁ%E%—":

CPM separated from a spectrometry. Observed scalp ['n, brain /'u : CPM from
calculated CPM by using the auther’s method from

the two volume radiosources model. n : the number of measurings. SD : standard deviation.

experi- | total /1 total 't observed | calculated | error observed | calculated | error
ment CPM CPM scalp 'n | scalp I'** | rate®** | brain I'm | brain ['u®* | ratek*
1| 2240 67007 | 52768 | T0.02 16838 15881 0.05
%2 769 33033 18243 0.01 16519 17557 0.06
| #3 284 31387 6601 0.03 29914 20649 0.01
4 225 28711 5273 0.02 27893 28114 0.01
#5 1828 77335 45079 0.02 41989 40296 0.04
6 673 32730 17230 0.05 20079 19966 0.01
i §7 370 43074 9225 0.03 43352 41266 0.05
| ¥8 | 756 61746 | 19020 0.04 51712 52585 0.02
* Scalp-source + Skull-attenuator -+ Brain-source n 8 n 8
#* uging the matrix (4) mean 0.028 mean 0.031
% orror rate —| observed — calculated | sb 0.013 SD 0.021

| observed value |
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Nal (Tl) detector

S ‘;
From Tmage of Computer Tomography
Fig. 5. Regional Tissue Blood Flow. A model for

the regional tissue blood flow measurement by
the use of the information from a CT scanner.
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IWEFT o B & OF v=—FuboWinigk (G
) ToOWINEHOEDI ST, T HiICEfitvsE
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Fig. A- 1 \R301< 2 ) 2 — & —[H i< $ L [
B 9.4% 9.dend FIF AT 4 v 2 BEE Y T X
%mTcO"y AT . WEIIFHNE kK 0
w4 EIEARATY. 2V 2 — & —OHEEFIED
HIC—ETH 5 LREOEL—E LARKILE
SITHED.

§§®_ A\

__ L=
TO’OTI’O, h__aa_._
Nal (TI) detector

I
Distance|  Thickness

Fig. A-1. ““Volume radiosource’’, Measurement of
a volume radiosource.
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Table A-1. Gamma-1, -2 : ratio to CPM of [, I'u at thickness 0.55¢m. Calculated gamma-1, -2 : ratio

from the approximate expression. d.f. : degree of freeness. chi sc. : Chi scuare test. P :

critical region.

HEGT Table A- 11 /;_RT ML 77 v b —AD
JE ST EFHEE IS 5 2%, ERRY TR
AT D 2Rz 7 7 b —FRT.
OB MEE B0, I't T 4.8em, I'm T
(318.3em DT EHT ot

T, SEURRESEEL, ' TRERE
25 LIRS & 75 b =84 & esridic.

Ty [T Tl

0<t < 4.80B4
g1(t)=1.314exp(0.3762(ln t) —

0.0877(In t)%) (A-1)
4.8< t DS
gu(H)=1.91 (A1)
I'n iz
go(t)= 37.11exp[0.7247(In t)
—0.0554(In t)%] (A-2)

fe BT AE S M. g1()) wwonWTIEEK
#99.5% T, gu(t) 1T Tik50.0% T HllfiE &
WK E O—BEAFET D EMNTER .

ZOEBRIIHEO QDRI 20 TH D
2, ZBEORGa ) 2 —x — LEE L 0%
HIBE R TR AR O 2 i WV 2 el e B
B clRps REe T EEEY RS T51C
BT E BICRE R X O~ DL N B
THOreD, gt) Ko TR H AR R
Tl

(B) AFHRIEOAME &3 EUE L ORISR

i gamma-1 amma-2
:ﬁ?;i;.ﬁess arbitary Unit arbitary Unit calculated | calculated
cm n mean SD mean sD fgasaina 1 a2
B R R o T , 0 T
1.25 5 1.47 0.057 45.4 0.568 1.43 43.5
4.80 9 1.90 0.066 105 2.62 1.91 101
9.30 9 1.92 0.054 158 6.05 1.91 142
14.1 5 1.91 0.108 172 7.56 1.91 171
| 183 | 5 1.92 0.081 178 7.09 1.91 190
d.f, 5 5
chi sq. 0.0013 2.71
P >0.995 >>0.500

Fig. A-1 IZRd 1, BEHIE (BE 9.4cm
D 7 5AFy 7 WrHEE (PTcO7; BR)
w2l x— & —OfiE A H DFEEE0. 00cmAs $20ch
FreempicEE 2w C MM Rkt I'm o HEK
flixEiz. LT 0.0emCOFEME ( 1.0) wxt
TALEMBTONEC R RD T, FPEREd
EMHSIEH L L HTD, (') OHBEETER
LR L LGEPK R RD .

f&H 13 Table A-2 iR AR TR A
TR T %2 B EANIERSE Ly,

I't ¢t

f,(d)= 1.026exp((— 0.05957d

+ 0.00045+d%)] (A-3)
I'm Tk
f2(d)= 1.022exp( 0.00034d*
— 0.07723d) (A1)

Te BRI S D DMEH & B IHEEGEIL X\,

COBIL, EECIMT v AT H D
2, MEER 2 ) 2 -2\ L THRS &
KEETRAEVOTA E LD LTS, &
DFFFDOARNT 831cm® THHB A KEA T 2 »
THZMARNT 1083+85em® THH LI T K
Hio® = i X b IMEAM ORI X B b O &R
Chifizig LA e s . Moo\ To
RS L LIXEETH L O T HETHD L
FEET%.

(c) I'yl'm ¥t



716—(24) HARESERM AT SN H36% 585
Table A-2. Observed gamma-1, -2 : ratio from a spectrometry. Calculated gamma-1,
-2 : Ratio from the approximate expression.
Z(:al:z(;?;r observed gamma-1 observed gamma-2 | calculated | calculated
i -1 |- o
dlstz;:ce " —— D mean D gamma-1 gamma-2
0 3 | 1.00 | 0.0 1.00 | 0.0 1.03 1.02
2 3 0.896 | 0.039 0.881 0.014 0.915 0.875
4 3 0.817 0.003 0.721 0.024 0.306 0.753
6 3 0.714 0.064 0.659 | 0.026 0.709 0.650
8 3 0.612 0.009 0.570 | 0.016 |  0.621 0.562
10 3 0.532 0.020 0.484  0.012 0.543 0.490
12 3 0.468 0.020 0.419 | 0.013 0.463 0.424
14 3 0.408 0.008 0.368 |  0.010 0.410 0.370
16 3 0.345 0.026 0.321 | 0.011 0.353 0.323
18 3 0.308 0.008 0.286 0.008 0.305 0.284
20 | 3 0.264 0.00 | 0.253 | _0.009 | 0.262 |  0.250
d.f. 10 10
chi sq. 0.2139 0.1303
p > 0.995 > 0.995
Table A-3. Comparison between the measured source observed calculated
and the approximate value at the sifting radio- thickness garoma-1/ R gamma-1/ )

; e s . e : cn gamma-2 gamma-2
source position in the left table ) Comparison 055 0. 0208 5 BH0E
between the measured and approximate value i -
on the growing radiosource thickness in the 1.25 | 0.0324 0.0324
right table. 4.80 | 0.0180 0.0180

A L0125 :
source detector observed calculated i 001 ._: 0.0122
distance gamma-1/ gamma-1/ 14.1 0.0112 0.0111

cn gamma-2 gamma-2 | 183 | 0.0109 0.0108

0.0 0.0122 | 0.0122 I df ' '"5

2.0 0.0127 0.0131 ch'- ' 0.000008

1 5q. . /

4.0 0.0131 0.0134 A 0005

6.0 0.0132 0.0136 L

8.0 0.0133 0.0138 Distance (.0cm

- gg:gg gg;gg H—Bf - LCR S 9.3y kAN E %

. : . ol e BT X

o 0.0155 0.0039 A, ?{LE%‘ 0.0cn b 2 clmeési BEx 45:6

16 0.0130 0.0137 {%é?“z, EL f1(d), f(d) L 0.0cmTod I/

18 0.0132 0.0134 I'm DERETH50.0122% 28 ( 1.0) i Li

20 0.0127 0.0131 KRR THAECOEFH AL, FHEEE EN

d.f. 10 fE& OBEE LT~ Eiaix
chi sq. 0.0001 Iy=0.0122 x%%)— (A-5)
P >0.995 2D

Source thickness 9.3cn

THLH, fERIL Table A-3 WRIAB L3510
HHEC X < EFH LTS,
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HoBMET 2 2 —x— L HE (AR 9.4%
9.4cm) & DEHER 0.0cm& LERIEOE X %0.55,
1.25, 4.80, 9.30, 14.13% X 0'18.3cm& #B%ET
5. gi(t), g(t) ¥ L00.55emTo '/l DI

HTH50.0405%FHE (1.0) 1 Lic. ERH
BT FHEE & SERME & & Hlie Uie . S
I'yMn=0.0405 x &1 (A-6)

g:(t)
THh5HHTable A-3 RENS L 5 ICERIfEIC X

<HAELTWA.
3B L LT 11(d), f5(d), gi(D) ¥ KU ga(D)
ZRWT Iyl o Red 5 — R % fER LERN
{EDH> T BALE & X OB & S F AT
L, LMl & 35l & DFEAERR. R
i
I'yIn= i_:%_x_g:_gg__ (A7)
TH5HN Table A- 4 ITRERNDBMNL, & DBEIEFR
TOWTE, =Y 2 —& LR & OREMES 2.50m
¥ COLRCEAELHEMEE ZFH LTS DK
HEGRFREOM R & X0 2 [HFCitlHEh 5.
(D) B 7 7 v b — AKX HEE
Table A-2 (3T U7 » v h—A k2 ) 2
—x—L O EE7 > v b—2 (R 9.4X
9.4cm, JEX 0.0, 0.7, % L0 1.7ecm D EHH
AR R Lo b D) B 0.0enDBE%
1.0 LTHEZ v v b — 2 0S4 2HE

Table A-4.
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Comparison between the measured

and the approximate ['1//'m at any position and

thickness of the radiosource.

Experimental gamma-1/ gc:lnfgll:_tj‘;fd
l condition gamma-2 e a2
sample thickness 9.3cm | - 3
distance 2 Sem 0.01.30 i 0.0127
sample thickness 4.8cm | 1 4
Jistance 2.0cn | 0.0179 | 0.0183 !
sample thickness 9.3cm | ! I
l_:listam__:e ~ 2.0em | 0.0134 N 0.0128 i
d.f. 2
chi sq. 0.000004
p >0.995
Attwemiaa‘tor \Ragiosuurce
V7777777 7,
g — /_/‘
V2227777 7,
NaI(Tl) detector L
?*
Thickness
Fig. A-2. “‘Attenuation’. Measurement of attenu-

ation with a scalp or skull phantom.

IO v~ — R B R R kb, BEEE 7
7 v b — ADE X ERITIIHEK L Larbert
Beer ORI LT, -

KrRol. FEOBES t 2HTERE LERY I't ik
SRR Vi), V(') R{Eot. ¥ Xk Vi(t) =exp[— 0.936(t)] (A-8)
Table A-5. Gamma-1, -2 : ratio from a spectrometry. Calculated gamma-1,
-2 : ratio from the approximate expression.
:ﬁ?é}:ness gamma-1 il BRI calculated | calculated
e n mean SD mean SD gamma-1 gamma-2
0.0 5 1.0 0.0 1.0 0.0 1.00 1.00
0.700 5 | 0.461 0.023 0.897 0.009 0.519 0.897
1.70 5 0.201 0.007 0.777 0.010 0.204 0.773
d.f. 2 2
chi sq. 0.00587 0.0005
P > 0.993 >0.995




718—(26)

HARESHE 2R H36% e &

Table A-6. Comparison between the measured and the approximate value with gamma-|, -2,

tsll:il(]:lliness gammal | g amma-2 calculated | calculated
cm n mean SD mean SD gamma-1 | gamma-2
0.0 5 1.00 0.0 1.00 0.0 1.00 1.00
0.31 5 0.749 0.121 0.945 0.010 0.741 0.945
0.77 5 —_ — 0.870 0.005 — 0.870
d.f. 1 2
chi sq. 0.00009 0.0
P >>0.995 >-0.995
I'm ¢t o RIEXHRE O v~ — i3 2 L4 %
Vu(t) =exp[— 0.150(t)] (A-9) Rdto. BHFBWC X BRI Lambert Beer o
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