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M J #2F 12T TN ENBENTALE ry 12805
Ay RETHE,

a—ﬂrzu—’rr(OSrUSSO)
LF{
7 (50<rp)
7271, a=100 (v v })
=004 (BT 1)
(Byvb)

71BN TRbLINDRMFHELEERT 5.
I CICEFERE 2.5mm, 287 E 128x128
L+% & Fig.l-a,bD X ) RiEHE ST E
5. l-a I ENrDARIR EHOHEHE, 1-b 1%
POEBEAMEETRT. FREBORKKI Y > M
RNy 27590 FGE=5S vy MNEEDHTISH
7 b (1,680 By hem?) THB. TDXDHK
KRB ICx L, (IE, FRBIVES LS

r=35

72 hot £721% cold MHEBEKROKIEZEATS.

RIBHAITRBIT B RIBOKI T b NiF,
N=:ts«/m ........................... (2)
i
elZL, e KEBHMICBT RFEOI T v
PP ORD T A BFRAE,
;?Zuikﬁﬂﬁﬁﬂkﬁﬁﬂ
RIS 7 v b
ZZiZ, ex 000 225 30.0 ¢ (0 (ZRIBE AR

p————————— {8 cells — |

32cm

(a)

17 %2 % (1980)

DH Y v OEEERZE) £T, FEEZ 25 mm (1
feFE) 25 12.5mm (5 #23%) £ T 2.5mm E XA T
BlEgs.

DI RKBPEERLIBIZY v F 7 T b
HOBOFTEEATHH, 0=0625mm (254
#%, FWHM=14.8mm) @ 2 RITH 7 A D T
xz— % PSF L LTHEMSTS. KicZhic
MELEATHD, Bdohich vy FEEEE
ETEIRTY VEBERESETLLEDOI T b
L, BERT—7IcgE$5. IAEARRZDkS
R4 GF 1 EB X UE 2 EOERE) /ERL,
7u 7 5 LZHM LI HREER200ER I
7o, BREERTENEFROLE TUIE, HRRL,
FELUIKBMEBE#RET S LTk Y HE
BT bihic.

2. BB LUVERTE

IMFEEEY, o=1.5 #3% (3.25mm) ® 2 KT H ¥
ABTDOY = — FEHDT 4 MFIT K BEHTEE
ft BLF, GF gLigT) &, 0=0451 v /125,
r=25#FC LD Bt 7 4 vF5N X BET
HIE Z sk U7 i{k (LAF OF ik &igd) & A
Wit i, FREREI—T - ey FIlX D%
BHFECREICE VI, 1087 b B LSO T
S5HT L PEERLDLVRNLTERIRLIC. Fig. 2-a,
bizvIial—Fy R-T77 a1 HEOLD

PHANTCOM PROPER

100 counts/cell
(1600 counts/cm’ )

BACKCROUND

t
5 counts/cell(80 countslcm‘)—>

(b)

Fig. 1 Idealized count distribution of the computer-simulated phantom by IAEA.

(a) plan view and (b) profile.
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#2-a % GF 5T, 2-b % OF T L THR
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TR o T,

. EENH

R hTe - TIE, ROLMEMITTZ.

1) 2GS b T hot, 3T cold @
RIHNHS. hot L cold ANEET BBV,
hot 7> cold 7:IFEHENA LICGAIHTNS
LY ThH5 (Fig. 2 ).

2) 1o0%BD4>OKRBICLE, EHEN]
EEI0EOKRENDZ. #-T, BdicY &K
K4ME, FNOEORIERDS.

3) KEEZEDHERI, EEROH3IHD2T
»5.

4) FRITEL, RO 4 BEREOMHEERZ, 0
LI KRIBR L L LICERATS. LLFEELD
D, 2: HYDEEW, 3kt Likn, 487
L.

Fig. 3-a 1335 B, 3-b 3zt ECIc L3
—77 v BRI, FRLELOEHEEL
TERT, 3-a 3RMA) oRMRRIEDHY LFER
ENEDIZHLT, 3-b TX4HBLLXRIEDHY
LERSh T3S,

TDX D REENOHLIE L ZOREEL S
— RISy F LCERBICASL, TAEA 2260
TEf7 & ik U TR L7-. Fig. 3084, &MR3A)
L ()1 3-b OEIENEMICEL, HE G) IX
BlxbsThEL 3-b oEE L IIBENTIEBIZD
D, SR @) ZXRELELT 3-a VEFTDHS.

FREHICIIRER L LTEZLEZKLVES.
HEHBAEEELLE L LA (true positive, FEEF,
RIBOERE LI TIAEREDS LI, DL
T, TP D)X L HAAERTHDD, KE
DENLDOEEL L LIZEIRIER (true negative
ON) LEALEZTHS. ZhICH L TERBZIZE
FEENENDIZH & LIERRDZ  (false positive
(FP) &, EENEBITEL L LA REZ (false
positive (FN)) L2355, AL v vFJ
5 LEREBRO KIBRBICBE L THLRERO Z & A3
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Fig. 2 Contour map displays of phantom No. 1.
Processed by (a) Gaussian filter (GF-method).
and (b) ‘Optimum filter’ (OF-method)

x%5. LhL, 22T TP o&MhEERLTHL
PVEBDHS.

Fig. 4 iX IAEA #3775 7= TP OFMERTY.
SHEAY OHEZEOKIE, BRYOMEEELT
L&, RO OXHICRENEVWDIZELEL
725481 FP, &R Q) 0k Hic KIE1RHZ DI
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» QUADRANT (1)((2)

Cold o¥

25

20

QUADRANT (3) ((4)

S 10 15 20 25 3031
(@)
[uiy]
3 QUADRANT (1)|(2) Cold. No. 8
25
3
20
15
10
I 2
S
QUADRANT (3) | (4)
5 10 15 20 25 3031
(b)

Fig. 3 Results for same processed image by two differ-
ent physicians, (a) observer B and (b) C.

ML LLIEAIR FN, %R 3) X5 IZkiED
Pl EEEDOHRLE DR TAN I LU LD L &,

F I RIEO LD D 30mm PLRIZEIZE DA - T
nWiRRWE EX FP L FN LoMAE2 L L, B,
KR @) OZ L EHOHEANICEERD 54
TP, RFALEELLLIEAEZ TN L L,

ERL+3. 20X HIiz 30mm DR L 30° DA

17 %25 (1980)

Fig. 4 A model plan of the rejection procedures em-
ployed by IAEA. The oblique-lined circles
show the true lesions and the filled circles
show interpretations.

EIC X 2 HES&MEAH Tl (30° & 30mm) ik &
FEX. ZHhizx LT (10° & 10mm) #, Fig, 4 @
KR () DEAERDZE FP 1217 L L7z (30° & 30
mm, FP) i, &LIZEMHEED T RBOFET
DZRBICHOEEE LIcZFT TP L5548
(BRIRE LFES) 72 & B RAT L7245, F12(30° &30
mm) EIZ X 2 HERER & T L.
4. FEROLEAE
IAEA 0% 1 BEIHE R TIE, ROMFAEGH
whbhiz.
S=a-t,,+b-tn+cofp—i—d-fn ............... (3)
St AR
t,: TP 0¥k t: TN D3k
fo: FP 0¥  fu: FN 0¥k
zZiz, a b, c,dizzh*h TP, TN, FP, FN
T 2FHEDO Y= — b THY, a=1, b=1,c=
=1, d==2 LFHHFENLEONEZD, 2 RED
TEETI D d=—1 12X 33 ELFb
hie.
% 2 0F#ElE ROC ###r (Receiver Operating
Characteristics)14:19 =, % 2 EB X % 3 FED
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REETI ZoFENREICHW b,

ROC D41, HEEOWFBEISEREIND
BNBRELRZ TS,

& 51z, McNeil 5DRET 250G E® 2o
WTHBRF L. ZoFEIZ G RITR T 1, t
I, fn 25T,

Pr=ty ] (tpfp) rreeeeeemmemumnrensnininn. (4)
Po=ty [ tn-fn) +reeeeereernernmennniinnn (5)
E=(tp+tn) | (tpttatfptfn) ceeeeeeeees (6)
S1=tp [ (tp=frn) coreereeeermmmmneenrnniinnn (7)
So=tn | (tn—tfp) reereerrrmernmeeeemminninns (8)

DSO>OXTHOLDLEI LT H L DT, P T
predictive value of positive results, 887, fxE1Y
BEMEZ LEATHNSELOT, B LIZREIZIC
st HEDKRIBE DEAZRT. P2 (3 predictive
value of negative results, /73 EHEZ L LI
, ELELCEIZICHT2EOKRBEL OFIE
7. Eix Pr & P2 OLRAIZFICBITZERD
BET, ZhiTilic,

L=(tp | (tp+fp)) | (tn] (tntSfn)) sovvveees (10)
f;éjir#ttc: STRTHELDS.

IIEIRIES R, true positive ratio 7=
sensitivity L IRETh, HOXKFEHEOERERH S
Nz 0EEETRL, S TEWKE 2 =R, true
negative ratio F 7-|% specificity ¢ MEIHh, ED
RIGEE LA E ORERB Ehch 2R,

AP BN TR E 3 > OMEREEEL AW T
Rt L7z,

. # 2
1. 8 & &
Table 1 12 4 £DHEMEIZ L D5EHMEL (30°

& 30m/m) FECHIE L, AR XU hot & cold
L1iZHiF T TP, TN, FP, FN 0%k % FE(ZE BNTR
L7z, TFfEDRIBEUT het H33CH, cold A3384H,
P> TRIBRE LORRIBETH S, Table 1 2>
b, EAZEZDZThELEFRKEL L CFED
MPREDIE S A TP #% ML, ¥/, het X
Y cold i) BBEWEFE TRIEEh TS Z

Ebhb. &Iz GF %o hot K%
Dls d THEEE LIRS, ZoRE0G3FE LICL
WZEERLTWS. AAMICEFEEE A, B3,
C,D X WHEEICHEE L TWBdiz FP 2347k
&, TP {7070,

wi, Ao REEEEE Ay, BEE3 O
Wiy Livizn) £ TOEME TP L LTEAE
THER LR % Table 2 |25r3. Table &1, (i)
TR RXndE —1LL, ()iFd=—2 LFFM
LichakmLl, (30° & 30mm) & Tid () O/
FEE T GEEE A), BIK43 GERIE D) T3~
TEDEEATH B2, (i) TIHER?25 FE -5
T, OF &I _RTENESR, GF LiifFHEE C
EBRWTADER LKLY, HLMIC OF EOXIR
BHERSZWZ L B3b» 5. BBMEREEE L
FEEC e, TP REWIrbYICADER L
725 FP £ %<, #nldiz OF EnBAIIHE
DB LnA GF iz 3 FN o$sdin <,
Zhps () OFHEE TREAERELERLELD
5. Table 2 izix (i) DFEREIC L % (10° & 10
mm) #, (30° & 30mm, FP) ¥, &BEICES
BRULRLEY, LICREE D TiX, hb
DHELRENEL BB IR THEAELAELTE
D, BROZ L L BOBFRREICHERHDZ &
ERLTNnS.

2. ROC f@f7

Fig. 5-a, b, ¢ Iz (30° & 30 mm) #:iz X % HE
fER% ROC it TR Lz, 5-a (30UBEICITE
BAfRIZ hot L cold L ZEEEERIRL, 5-bik
hot, cold |z i3 4EA{RIZ GF #: L& OF ki X 5%
BEFREEZTLITRL, £, Scl3FERECE
T O'D ofER & A L hot, cold IZbIF TRL
2. SE ABXIUB O GF iz aFERICE
FP 4%, Fig. 5-b |[TRTZENTER
holz. ZThoOfRRTIE, EMAZELIZZ LR
Mo, HRETIE HARETRE o7 hot &
cold L mEIREH, %77, OF 0HAT EIC
X% FP oML BRENTH S, 2R, —#kic
RCC gh#idtfsic X8 Licx+ % FP 0fl&
ER— U P TRTIENENDR, ZZTOHE
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J7i&M, FP L FN L e RFICELHERH 5T 3. McNeil D%k
WIZ FP 723 100% 2222 b HVHEZDT, Table 3 |z, ALEEER]E X O hot, cold Bl FEfE
FP 0¥z > TrRLiz. E3(rnhbLlhinn) ETOEMREZ TP L LT,

Table 2 Total score using several rejection methods.

(30°& 30 mm) rejection (ii)** (30°& (10°& (30°& quadrant

30 mm) 10 mm) 30 mm, rejection

Physicians OF-method GF-method rejection rejection  FP) rejection
Total (i)* (ii)** (i1)** (ii)**
cold hot cold hot

A 15 12 -3 —11 13 71 11 15 19

B 13 13 -9 -9 8 68 —12 8 10

C 5 11 6 3 25 54 -3 49 77

D 1 9 —10 -5 -5 43 —353 14 39

Note (i)* total score=1-7p+1-th—1-fpr—1-fn
(ii)** total score=1-tp+1-th—1-fp—2- fn
where 7p; number of true positive
tn; number of true negative
fp; number of false positive
fn; number of false negative

Table 3 Calculated results by values defined by McNeil.1®)

Kind of Categories Physicians
image of decision
A B C D
P 100.0%; 95.0% 65.8% 67.6%
OF-method P2 60.0 60.7 90.0 78.6
hot lesions E 75.0 75.0 70.8 70.8
S2 60.0 63.3 96.2 88.5
S2 100.0 94.4 40.9 50.0
Py 93.3% 96.3% 68.9% 68.2%
OF-method P: 50.0 47.6 66.7 25.0
cold lesions E 77.1 75.0 68.8 64.6
S1 75.7 70.3 96.9 90.9
S2 81.8 90.9 12.5 6.7
Py 90.9% 100.0% 76.2% 78.5%
GF-method P2 48.6 48.6 59.3 48.4
hot lesions E 58.3 60.4 66.3 58.3
S1 34.5 36.7 59.3 44.8
S2 94.7 100.0 76.2 78.9
Py 100.0% 100.0%, 92.6%, 88.0%
GF-method Py 37.0 345 42.9 34.8
cold lesions E 64.6 60.4 70.8 62.5
S1 55.3 50.0 67.6 59.5
S 100.0 100.0 81.8 72.7

P; predictive value (positive)  tp/(tp+fp)
Ps; predictive value (negative) fn/(tn-+fn)

E; efficiency (tp+1tn)/(tp+tn+fo+/fn)
S1; sensitivity tpl(tp+1fn)
S2; specificity tn/(tn+fp)
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McNeil 519 0 J#ETHELELbORRT. &
ZTLEANEEHDN, FEEALB CLD
DIBAM L T, WEE P L S A
<, ##EE P2 & S1 2%, ThbIT Table 1
TR LI ORE, BBEEZRT b0 TH S0,
ROC ph#tictb L CEEM IR 1T/ D~ 7 A
—5 L LTHEET B 2 Lizb L.
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JAILISOd 3NY] 40 IN3JW34

©
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17 %2 4% (1980)

4. BBICRIFTRIERSIHLUVEEOBERD
®mit

P EoME kR L ZRNIC, b EDORBOESR
FUREROKRE SRFHICRETHEBEFTANS
®, Fig. 6 [Z7RTE91C, Hc 2.5mm T X4H0
12, HMITBRORBEEATDHION T~ MTHt
THRIBESDO £ Y v bOEIE 0 © 32 fE ()
RICBITBe) % 600 TERITED, FEEEFE
TEMEER L. AT FN, BIIIFHEERE 1
(FeEicHY) o TP, 23 BILIT FEEE 2 0 TP,
13BARHEE3IOTP 2RbL, EECO
FRARZ R LT, ZORE, RBESHKRILRD
(2L TP 3L, MEEL®LES. L,
R T cold TRIEGFEICEFRELDY 29 Th
B hot TREEMNRHE Y AONAEW. ETz,

Numeer OF FALSE PCSITIVE
0 4 8 12 16 20 24 28
n N L " s L

oot
L

IAILISO4 3n¥| 40 INIDWIY
03

(a) Open marks show cold lesions and filled
marks show hot lesions for hour physici-
ans.

(b) Open marks show results by OF-method
and filled show by GF-method for four
physicians.

(c) Hot-lesions processed by OF-method (cir-
cle), cold-OF (triangle), hot-GF (square)
and cold-GF (rhombus) for physician C
(open marks) and D (filled marks).

Fig. 5 ROC curves for various set of results
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Fig. 6 Distribution of chi-square significance (6.0¢ interval) and radius (2.5 mm interval)
for the true lesions and results by physician C. Open circles show false negative,
2/3 open circles show the true positive with confident degree of 3 (possible netative),
1/3 open circles show TP with 2 (probably positive) and filled circles show TP with

degree 1 (definitely positive).

OF Tk 2o L EoXRFIZIZ LA ERHMENRT
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B E Tlo k72 IAEA {ERROEBEEK I =
L—Fv K 77 v b AEAVWEHREERORER
TiZ, 3EFOHBEDOEREANTLRO LD
R R B .

(1) OF #mig > B GF kX VY ERREM LT
5. (2) ABDOL 5777 v M AT cold DX
$HDIEH 2 hot X D EBRIEW. (3) FiEOEE
S RIBOES (S/N ) I b BREN.

(2) DFERE, ABOT77 V NABEAIT Vb
DWW RIBEBA LT, [, BEOoy 57
FLIEWBIRTH B E 2 bR, L L,
9mTe =5 7 X F— MEEOWY VF 77 LD

XOED Y v OEMCRBEZEALFRIC
YIalb— LB, BOEENELNTD
Lahizv., £, ZO77 AT, 1HB
1EOKEFEL WS, EEHTRARVWEREANT
W32, TP 2RVETHEEZRMNTBHICX
DERZLTHY, TAEA 0% 3 B OIEKREIC
Anfcz 7 U FATIRZ ) LEEERERZR2DT, X

VEEFRFICIEN D E LTS,

ARICR Rz, H—T vy XL BEERE
RiT, BRERZE TR LELADOHENLDTH D,
HODPLONWL OPDOTRBELETH 2L, E
7z, RIBABOREVEN LT THSLHZ L
1%, Table 2 THERMGEZED 2 1EE/ABEL
BolcZ ETHLHLNTH B, bhbhoBH
#3257 1 (TOSBAC 3400 =5 31) o4
RDREBRNRRETHS. LaL, EMORR
HRABOLWERRE LT, ZhiEIV0E
RAbDMbamhin. wFhickk, F—oa
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RRFETRTL, HELEIC X > TRELEZER
FTEZLLEETHDLLEZLS.

FE LB DO SGE L LT, 1§45, ROCHTE X
O McNeil L3 EEEZHW:. BA% T2 FP
XY FN 0AD = — 2 KRELSFTRETHS.
Thbb, EEIZEDLEF TN ¢ FN LOEKT
BRBREDD, b LKERLOBIEENICE
WAL, FPLFNICRLY=— 2 EXB L,
HBEETLEDHAEZELZLICRY, F¥EEE
B L LTH®RE L. RIBEEHEELAWVIED B
AEBRNENWIFEEELH B, LarLl, B
KIZBIT B c=—1,d= =2 DERBEY LTI,
FDYVF T T AOHEDH~DREED DT
RZDERMIEL TR S LERD S 5.
ABOFRERTIE TP 3% T FN B0 hnigi4,
T bh ) BB R FEFRER R T &
BEESh. ZOZ LRV Vv F 57 20EEN
EL, S LESEEITREDRLTWAERRTIX
HEVENERPFETERNWI L EERT .
ROC i#RiIFEE © LENLFFELERT
BIOIHEELVWY Y=z — N LTHEEL,
R % TP R L FP R & T 2 RTHICHBITITEL
LCRTATRERWLERBENTETHY, =
DO THERRFETDHS. ZOEE OREEE T,
A TIT 4RI 57225, bhbhofEnrn
RAHI10ID T, S EREEMBRE T, Th RZEE
HDX5Ths. £ZIZ ROCHEFTOBRLDS.
Fig. S-a~c 33 EMERE b L ITHEY I iz
LTW32, 72L& zi¥ Fig. 5-b ® OF #:iz X B4L
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Summary

An Analytical Study of Scintigram Interpretation

Kenjiro FUKUHISA*, Takeshi A. IINUMA* and Teruo NAGAI**

* National Institute of Radiological Sciences, Chiba
** Department of Radiology, Gunma University, Maebashi

Various image processing methods are available
for transforming scintigraphic image quality. How-
ever, it is not so easy to determine the best process-
ing method in view of diagnosis of diserse by
physicians. In order to know the effect of image
quality on the physician’s interpretation, 24
images of computer-simulated phantom which was
established in the first coordinated programme on
the “Intercomparison of Computer-assisted Scinti-
graphic Teshniques” sponsored by IAEA, are
processed by using the ‘Optimum Filter’ with
medium frequency enhancing effect (OF-method)
and the Gaussian filter with simple smoothing
effect (GF-method), and are displayed as a contour
map with same display factors by a curve plotter
of computer system. The processed and displayed
48 images in random order are viewed by four
physicians who are specialists in scintigraphic
diagnosis, with the suggestions as follows:

(1) The images are consisted of 48 pictures.,

(2) Each images is divided into four quadrants,
each of which could contain either one lesion
or none. Therefore, each images could contain
from O to 4 lesions,

(3) All lesions in the phantom are either cold or
hot, but there are no mixed lesions of both in
a picture,

(4) The probability of presence of a lesion in a
given quadrant is taken to be about 2/3, and

(5) The lesions observed should be entered with
following figure of rating from 1 to 4 indicating
the degree of confidence; 1:definitely positive,
2:probably positive, 3:possibly negative and
4:difinitely negative.

The results of their answers are analyzed with
(1) total score method, (2) RCC curves and (3)
values defined by McNeil.

Among the results, the OF-method gives signifi-
cantly better results compared with the GF-
method, though the former are increased number
of false positive compared with the latter. The
cold lesions are more detectable compared with hot
lesions of the phantom. The cold lesions are similar
to a scintigram of human liver administrated 99m-
Tc-colloid.

Further investigation is being directed what kind
of display can give the best results by using various
displaying devices for same processed images, as
the display method in this study seems to be not
suitable for detecting the lesions in scintigraphic
images.

Key words: Sintigraphic image processing,
Computer-simulated phantom, Image display,
ROC curve
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