(R )

bEZRF =T AHEMRE Y o727 7 4 —
B R, EEME, B, MEEB I ORI AES o TORM—

HiE BB R IEEY Al R WgE B

By FUooBikbBEcE s RCTHEB L LTHBESAZ MEAT v — T OMEEEZ 7 7 P AKER
THF L7z, BN, BREIREAEEZ R U, S—HIRIGHE7 = 77 22 EH Lo 5E, BMRES
T 6.3%, MEERERAELIE Tt 8.7% @ % standard deviation %575 L7z, ZMEREIY, BUEMRALM: CIR
HUBEIBEREAS 32 cm DR, FWHM 738 1.85+0.15cm L{EE, HITH R Y H—Thd -7-. HRIHIEHEEEH
DPKE LB LEBOWHEREIE PO TEMA L. BEMRAESRM TIIRERHEEEZ 44om 35
FWHM % 2.85+0.65 cm & HUIBICIEWEEVMEZ R Lc. R 54 RSO FWHM 3HERERML T
1.5+03cm LES HATHOR I E—Th 720, RHREHMRERMETE 2.3+13em L7 b duls (5 2

JEL sl ERERESRL TOEORRE, SEMER L/ca ) A =2 0&ELEEE 13em Th 72729
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LiEbh D,

L EFC®IC

B PEER L2 Wiy v T 75 7 4 — DR
i3, RENEREMETHEZ L L, BN DHR
(LI BRI HL DT AE D A is & TR AE AL PEOMEAE L
KitL TnwbZ e ThD. LLitkoy 57
5 LTI HM &+ 2O O E > i A3 E
o TEREND D, EtRDO 2 b T R bHK
FLZY, THRAOEMARNE L RSERFTS. 2
DREEMOFELE L TWE Y v F7 57 4 =03
MR TS,

Wilgy v 757 4 —i2ix, AL 5wt
FENTIEO L, R % 2 TR S
HLAT N 5. HiEE Bk b TR MEY
BT 50, BT EER L OENS & E
BICHET 5 Z LREHETHS. —F, BER

* BIRRF R E R
SRR A B IR R
R PR RE B R
Zf; S44ETH 25 H
RS S44ETH 25 H

BIRIEE RS @ AR =T 13-1 (2 920)
SR KFEFESF
B H & B

ERM IO T HEMEIC > W THIER T b T
5.
KT > o F 77 5 7 4 OBEIRFRERL O I
3, WAL RS, UG Bl 10111815,
6, T A NFRIEFESEIE 2 H o g7 —

Y TERECI820 2 Bk s, T OHRIC
ayt’a— % ¥ H 3 % 2 %, Radionuclide
Computed Tomography (RCT) & % (% Emission
Computed Tomography (ECT) L#FrE T 5.

FES PR S D 530 & B BRI 2 i3k
SRh A SR 5 o0 A AN T D B HE R BRI DR 1 ot
IS LR IR A S 2 L, HLRRIC X BRI
WENRRIFICHE SRS Z &, EESHNTHEES
BRERBLUVUR T A RFENRY—TH B Z LAER
énéﬂ)).

Tor 3y st R g sz, EE
J&P D bR 3+ F— 11 £ 19784E12H L Y
HEREICERZTTWS. Iz oEEIC>»
T -72 RCT 7 7 v b LERMERZHIET
B

II. #HEEAFE
FEZRFyF— I3 Lgommily v 5 2 ¥
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¥ =L BFFEEARY hBX U= Y — T
Eih T s (Fig. 1).

MRIEHE 4 A v F X 24 »F 0O Na L5
AUREE 13em D2 ) A =2 TS, a2
— Z IR v F—H] (180 KeV) Lfz 3 )L ¥ —
1 (400 KeV) 238 % .

BFEEEHORy Mz ET, mitcs L OEfED
ARETH Y, (MERDIFIREGOTL (ZF74 2
) ZRTHOZRY v MTEDLETITRD.

a2 v —iE L O EMTEE, A 7may
t’=—% (DEC PDP 11/03: 36k), 2{fldo 7 v v &°
—F 427, #7—CRT,avbtu—NzR7Y—
v, BBHAA A5 ORI X7 A v 202 6 i %
NERGT ) BXUF—FR— FTikEh Twn
5.

FoRI1EH 5 —, hot body, gray scale 75 & Mg
IRTX 5. data [u4E1380 % 80 matrix, Frxix 160
%160 matrix T{T7% 9.

R RAISALO JE P 2 27 cm (small field
scan; FHIHAD) & 53 40 cm (large field scan;
S iRA) OEMRZ X+ BTV, I HIT6
JEERR L Z OFEMR A F v > & 30 0] (6°x30=
180°) K W 224, ZoXkHicLTHHK data
%, 22 —2T7ANZRMIESESEEICE Y
BT G TR R S NS, 2Fy v AE— KL

Fig. 1 Tomogscanner II is composed of one pair
detectors, a couch and a console.

17 %15 (1980)

TE5.

ARl 7 7 v b L3R E 99mTe-pertechnetate
(*9mTcOs™) ZHR L L, RRE, HAME, B,
DREBI VR TA RBESZONWTHRHFLEZ. =
FLX—1F 140 KeV + 10% 12 L7z

I §% 2

1. B )i

1) small field scan (GEERFRA): PNEE 14.5cm @
7 =7 AME (EE 3mm; ADFHEFICX
% 140 KeV O F v = ROWIITHE +2 Z L %
TAEER CHEFR L 72) 12 0.517 ¢ Ci/ml o> 99mTc
O4™ %7z L THIE LTz,

2%y 2 A E— Rid 2.5em/Fb, R ITEREE X
6.6 4y, FHERREIRORTIH T v T 2.93229 X
106 count Th -7z, L1z - TZ DRFDRE X
1.43 < 10% count/Fp/p Ci/ml Tdh 5.

2) large field scan (ffaspiikedr): Py£E 20 cm <
29cm DA MO T 7 v A ilofkic 0.189 ¢ Ci/ml
> 9mTcO4” Zifi7z L THIE L 7.

A¥ ¥ v AE— FiZ 1.7 cm/Fp, HRATE K|
VX 12.5%y, FERERRIEI{G D4 v v N i 3.392639
x 108 count Th 7z, L7chi->TZ DRFOKEE
1% 2.40 < 104 count/Fh/p Ci/ml TH 5.

2. B OB &

A% 14.5em ofEic *9mTcOs™ % jifz L,
small field scan & TR ¥ v+ VA E— K& —EI
L, RRRERICHIE LTz, & & ORRAREH O T
W{GDRT) A7 o MO 9™ Te DPEL K
& X {—E L (Fig. 2.).

3. 085 — #

N E R ¥ v F— 1 OWIHIED T, 20
BILER OB 7 A Ca, Cb THHREOMIEL
7efEiix (Ca+Cb) p L/(1—e™*1) L LT3, =
DAL *mTe DT #p=0.123ecm™! ZEAL
Twa. L i3RitBHomREomicHY 35 &
XThY, HHEDOKZS% small field scan T
1% 22cm o[, large field scan T3 24 cm x 32
cm OB ERELTHEL TS,

1) small field scan (FH##7): AE 14.5cm @
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COUNT
x 10° L
w0k |,
o 0 7.lllx102
1 |6.46 x 10
5.0 2 |5.85x10°
B 6 |3.67x10°
= B 12 |18 x10°
= I 24 |uu3x10°
-
po
210k
= =
= C
= C
05
lllIllllllllllll|lllllll|

5 10 15 2 25 How
TIME

Fig. 2 The count rate linearity versus activity was
examined with 99mTcO- filled volume source.
The dots are actual experimental data which
are coincident with the physical half-life of
99mTc, the line.

MR 99mTcOa™ % ¥—ITiili 7o U RN IE 15 2 ik
L7z, WIIIEZRITIRDBEWEARIEATA 2D
UMK activity Z7R U722, WRIHHIE 247
7295 LY— gt b (Fig. 3). WRILHHIE 2
1175 - 7z 9, standard deviation |3 .0k
DR Sem PANTIE 6.3 % TH o7z,

2) large field scan (ffEsf iR #s): PNEE 20 cm %
29cm DX IEOEIC ¥9MTcOs™ #iiti7- L, ikt
Wi R 6 2 B U 7o, WRURAHIE I X D (g3
Hiviz (Fig. 4). WUUHIIE #1775 - 72 B o 9% st-
andard deviation ® X gLk Y 18cm <27 cm
DX MEOFHTIiE 8.7% Th - 7e.

4. 5 & KE

WNEE 2 mm O =—4IZ #¥"TcOs” & ATz
IO FEHERK R O 1l (FWHM) TRt L 7.
TRER THIR Z K PICE N T HLZEPIcEN T
PHEEIRC TH L2 FEMEL, UEO—HE
BRIT 24 TIT e - e

1) small field scan (ZFffikRAD): FRH gl BEEE
% 32cm, 36cm H 5\ 40em & U7z, #RR A
AFAZADHLE Y 2em FOMMUl (R T4 2 D
Kif) ~BE I, K4 O THE L 72, HIE

i i ~

Fig. 3 Effect of absorption correction: The upper ones
are gray scale image of 14.5 cm diameter
cylindrical phantom. The lower ones are the
profile activity at the line. The left or the right
ones are the images reconstructed without or
with correction of absorption. The error
(% s.d.) of the uniformity is calculated from the
center in 10 cm diameter of the reconstructed
image is 6.3 % with absorption correction.

Fig. 4 Effect of absorption correction: The upper ones
are gray scale image of 20x29 cm elliptical
volume phantom. The lower ones are the profile
activity at the line. The left or the right ones
are the images reconstructed without or with
correction of absorption. The error (% s.d.) of
the uniformity is calculated from center in
18 27 cm ellipse of the reconstructed image
is 8.7%, with absorption correction.
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EZAT7A4 ZOHRLE ) IMINCE I L Tedsn s
20 Eelcw, VHERIEHE L HED 2 o THfE
TRO. RHGRIEEREDS 32em DA I3RS O
WD, BRI 1.85+0.15cm TH - 7-.
R ESEIEREEAS 36cm & 5 (T 40cm DA
DR LR EL 2 Y, 44 Offiix 2.1+0.3
cm %\ % 2.3540.55cm T -7z (Table 1).

2) large field scan (faEpHARAD) : AR HI 2 HIHAE
 44cm L L7G o il 2.85£0.65em &
Y, POMERETELY bEWHEERL L
(Table 1).

5. XS4 RES

FEAA I mm X ES 1 mm Dz 97TcOs A
NI BRI Fv e, BiEE 2 74 2EOHLH
H25mm FOlfLTwE, ZFyr v AE—F%
—EITL, #x ONLE CTRIE L 72 B R oo
WD A 7 v Mk ERD . 9"Tc OWERYHE
LIE LTz, RS54 2ADHA DIESIZBIT5 25
A RAEEEWEL Tz,

1) small field scan (SRAD): HRHI%R I BE
1% 36ecm ([Z L THRRET LIz, o v MEAS0%IZTs
LRMDO R T A REE T AT A ZADOHLT 1.8cm,
2574 ZOHLEY 10ecm RHEEHT 1.3em Th
D, TEXHH:T LS+ 03em LY —Tdh -
7= (Fig. 5).

2) large field scan (iR AD): FRHIZRIHFRAE
T 4Mem ITLTHRAE LTz, By v REAS0%IT7s

Table 1

Distance from
center of the
reconstructed
slice (depth)

FWHM at each distance of the detectors

32cm* 36 cm* 40 cm* 44 cm**

Water: Ocm 1.8cm 24cm  29cm  3.5cm
Air: Ocm 1.8 2.4 2.9 3.5
2 1.8 2.4 2.7 34
4 1.8 2.1 2.5 32
6 1.7 1.8 2.1 2.8
8 1.8 1.8 1.9 2.6
10 2.0 1.8 1.8 2.4
12 2.3
14 2.3
16 2.2

* small field scan, ** large field scan

17 %415 (1980)

DISTANCE FROM THE CENTER
(DEPTH OF THE IMAGE)
T

| 1 1
0210120\1

WIDTH OF THE RECONSTRUCTED IMAGE
(FUHM of the slice thickness)

Fig. 5 The FWHM of slice thickness is approximately
uniform independent of depth, 1.5+ 0.3 cm,
in the head study condition.

HHHAD AT A ZAEEE AT A ADOHLT 3.5¢m,
254 2O HE D, Scm, 10ecm 38 X 8 14em
i TIXK 4« 2.8cm, l4cm B LN 1.0cm L72D
vy RRIZ e - 7z (Fig. 6).

Iv. = £

RCT (23 & v~ #iEERE D # v < # & i
FT2H 0482 L BRI R OB X
RN 2 522 b 5. BE ki
HEr M3 TEWIESE Sz &, UG,
BN, 150 g E (LG EER TE 5 oA EAIC
FET 2WESCTHEMER L O E RN TES
L, ILIITESHIMONRRED Y — T 3 E 5
RS NERMIESFEETD 2 DR L vWbh
T3, L UIER S 2 KRR 0 S BRI 1= 0 A3
Hpnwledby A 7a bue o BLETHY, BEARKR
BEETRIICEEEOEMROHIILLETH S
TeDFFRI MR TLAMTR D ZENTERY. B
BTHREZEETOLAFLRLT WL L L T3,
8Ga R 8IRb L ¥ 23H 5. LA L %Ga LA
X 2L " Te (kAWM TLRETSH Y, SIRb
(2 & B0 MF I 20T THLRHETH 5.
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DISTANCE FROM THE CENTER
(DEPTH OF THE IMAGE)
=
o
1

21 0 1 2
WIDTH OF THE RECONSTRUCTED IMAGE
(FWHM of the slice thickness)

Fig. 6 The FWHM of slice thickness is increased with
depth, 2.3 4-1.3 cm, in the body study condition,
which is examined with the 13 cm focus depth
collimator.

o~ miEfEIc X 5 RCT 38k y v+
777 4 — LARICKEERERZ TIZILEZTH
1) T EMNTEBRARD S, HUHEERIERLD
FAZE, HEOWEB X OBERRE QS FGEOM
LN RCT OSHOBEL L THESTN5.
EEIZIT = A7 HRB-B L2xy F—
FHRLE81D B 5. H 2 5 HRNOFRITRIES
B ERGSARETHD Z L L, DERBIGD
Bh22LTHEY., 2x v F—FHRIFI—WED
RGN SEE LW 2D B OER e EE T
% LHR EXFRATH R, oMk
Y v 7RISR TERT 253D LIF%E &
TRY, ZOFKXTEIPHEMLOKRELFETDY,
ZRY v 7RICT I RREZEEE bRTEETh 5
TLnEZ LR, X CT fliE fuv TRINHHIE
EARZEIRVWERPEONS LOBEVLH Y,
Tk X CT %& & RCT EE0MAE L ARA]
BTIENWTHAS.

SEME LI b ER X v IR ER &
L CIRIES L BRI — N EEL 2 7
A RFEE R LD, RTRESRE TRERT
EWMEZR Lz, ZOREIZESR HRE b B AR
BE13cm Dy 2 —2EER LD THS LE
bhs. J&PHIEIERBREMD=Y 2 —
FEREAR LILEDZLETHY, FRlaY 2 -2 %
AnEU EOREPEEINDITHHI. v
< BRI AFRD RCT Gida ) #—# Ot bE
EThH 5,

GEEH 7 7 v b aMERICH D, BEAEAZBEL
TEWE L &RREE ¥R L BESER L o W
IZHEARTEIRBh BRI RS e LE T

FERF Y F— I 2EHATIHWEEHXTTFENE
LT SR A R & e EHYERR AR
sz LET.

x W

1) Kuhl DE, Edwards RQ: Image separation radio-
isotope scanning. Radiology 80: 653-661, 1963
2) Anger HO: Multiple tomographic gamma-ray
scanner. Medical Radioisotope Scintigraphy, Vien-
na IAEA 1969, pp 203-216

3) Muehllehner G: A tomographic scintillation cam-
era. Phys. Med Biol 16: 87-96, 1971

4) Bowley AR, Taylor CG, Causer DA, et al: A radio-
isotope scanner for rectilinear, arc, transverse sec-
tion and longitudinal section scanning: (ASS-the
Aberdeen Section Scanner). Brit J Radiol 46: 262—
271, 1973

5) A H:WEY oFH AT WO E DK,
B ARE SR Mk 35: 142-151, 1975

6) Chang LT, Macdonald B, Perez-Mendez V: Axial
tomography and three dimensional image recon-
struction. IEEE Trans Nucl Scien Ns-23 568-572,
1976

7) Iinuma T, Nagai T: Image restoration in radio-
isotope imaging systems. Phy Med Biol 12: 501-509,
1967

8) Kuhl DE, Edwards RQ: Reorganizing data from
transverse section scans of the brain using digital
processing. Radiology 91: 975-983, 1968

9) Kuhl DE, Edwards RS: The Mark III Scanner: a
compact device for multiple-view and section scan-
ning of the brain. Radiology 96: 563-570, 1970

10) Kuhl DE, Edwards RQ, Ricci AR, et al: Quantita-
tive section scanning using orthogonal tangent cor-

Presented by Medical*Online



24 BE g

rection. J Nucl Med 14: 196-200, 1973

11) Kuhl DE, Edwards RQ, Ricci AR, et al: The Mark
IV system for radionuclide computed tomography
of the brain. Radiology 121: 405-413, 1976

12) Jarritt PH, Ell PJ, Myers MJ, et al: A new trans-

versesection brain imager for single-gamma emitters.

J Nucl Med 20: 319-327, 1979

13) Muehllehner G, Wetzel RA: Section imaging by
computer calculation. J Nucl Med 12: 76-84, 1971

14) Budinger TF, Gullberg GT: Three-dimensional

reconstruction in nuclear medicine by iteretive

least-squares and Fourier transform techniques.

IEEE Med Sci Ns-21: 2-20, 1974

Budinger TF, Derenzo SE, Gullberg GT, et al:

Emission computed axial tomography. J Comput

Assist Tomogr 1: 31-45, 1977

Kay DB, Keyes JW Jr, Simon W: Radionuclide

tomographic image reconstruction using Fourier

transform technique. J Nucl Med 15: 981-986, 1974

17) Kay DB, Thompson BJ: Optical processing in radio-
nuclide tomographic image reconstruction. Optic
Engineering 16: 45-51, 1977

18) Jaszczak RJ, Murphy PH, Huard D, et al: Radio-
nuclide emission computed tomography of the head
with 99mTc and a scintiilation camera. J Nucl Med
18: 373-380, 1977

19) Keyes JW Jr, Orlandea N, Heetderks WIJ, et al:
The Humongotron—A scintillation-camera trans-
axial tomograph. J Nucl Med 18: 381-387, 1977

20) muHEER, MEH i, A W, i I== ik
5 RLPrki o Gak. Brighim 9: 21-27, 1977

21) Gustafson DE, Berggren MJ, Singh M, et al: Com-
puted transaxial imaging using single gamma emit-
ter. Radiology 129: 187-194, 1978

22) Chang L-T: A method for attenuation correction
in radionuclide computed tomography. IEEE Trans
Nucl Sci Ns-25: 638-643, 1978

23) Murphy PH, Thompson WL, Moore ML, et al:
Radionuclide computed tomography of the body

15

~

16

-~

17 %1% (1980)

using routine radiopharmaceuticals. 1. System char-
acterization. J Nucl Med 20: 102-107, 1979
24) Cho ZH, Cohen MB, Singh M, et al: Performance
and evaluation of the circular ring transverse axial
positron camera (CRTAPC). IEEE Trans Nucl Sci
Ns-24: 532-543, 1977
Yamamoto YL, Thompson CJ, Meyer E, et al:
Dynamic positron emission tomography for study
of cerebral hemodynamics in a cross section of the
head using positron-emitting 8Ga-EDTA and ""Kr.
J Comput Assist Tomogr 1: 43-56, 1977
Budinger TF, Derenzo SE, Gullberg GT, et al:
Emission computer assisted tomography with
single-photon and positron annihilation photon
emitters. J Comput Assist Tomogr 1: 131-145, 1977
27) Phelps ME, Hoffman EJ, Huag S-C, et al: ECAT:
a new computerized tomographic imaging system
for positron-emitting radiopharmaceuticals. J Nucl
Med 19: 635-647, 1978
Ter-Pogossian MM, Mullani NA, Hood J, et al:
A multislice positron emission computed tomograph
(PETT 1V) yielding transverse and longitudinal
images. Radiology 128: 477-484, 1978
29) Phelps ME: Emission computed tomography.
Sem Nucl Med 7: 337-365, 1977
30) Keyes WI: A practical approach to transverse-
section gamma-ray imaging. Brit. J Radiol 49: 62—
70, 1976
Kanno I, Umemura K, Miura S, et al: Headtome:
a hybrid radionuclide computed tomographic scan-
ner for brain dynamic studies. 2 CT 1 23-24 1979.
(pp B-69-71)
$2Ely Ry A CT opeididhmsiig, 1A
23-24 [, 1979, it G4 ppB-69-71)
Kircos LT, Leonard PF, Keyes JW Jr: An opti-
mized collimator for single-photon computed tomo-
graphy with a scintillation camera. J Nucl Med
19: 322-323, 1978

25

~

26

~

28

-~

31

~

32

~

Presented by Medical*Online



25

Summary

Single Photon Radionuclide Computed Tomography with Tomogscanner I1:
(2) Phatom Study on the Sensitivity, Linearity, Uniformity,
Resolution and Slice Thickness

Toshio MAEDA*, Kinichi HisaDA*, Masamichi MATSUDAIRA** and Hideki SHIMAZU***

* Department of Nuclear Medicine, Kanazawa University, Kanazawa
**Central Radioisotope Service Division, Kanazawa University
*** Department of Radiology, Tokushima University, Tokushima

Physical data on the Tomogscanner II, single
photon radionuclide computed tomography unit,
were examined.

The sensitivity was 1.4-+10? counts/sec/pCi with
a homemade brain phantom which was 14.5 cm
diameter wrapped with 3 mm thick alminium plate,
or 2.4+410% counts/sec/¢Ci with a 20429 cm solid
plastic body phantom.

The count rate linearity was very goocd.

The experimental error (% s.d.) of the uniformity
was calculated from center in 10 cm diameter or
18+27 cm ellipse section of the above phantom,
and each value was 6.39, or 8.7%, when the absorp-
tion correction program was used.

The resolution (FWHM) was 1.854-0.15cm,
2.140.3cm or 2.8540.65 cm with the detectors
distance of 32 cm, 36 cm or 44 cm, respectively.
The FWHM of slice thicknews was 1.54-0.3 cm
or 2.34+1.3cm in brain or dboy scan condition,
respectively.

These physical data are satisfactory in brain
study but not in body study. The cause of the
increased FWHM and slice thicknes swith deph
of the reconstructed bedy-phantom image may be
the use of the 13 cm focus depth collimator.

Key words: Tomogscanner II, Single photon
radionuclide computed tomography
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