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Computer-Aided Diagnosis in the Detection of
Simulated Clustered Microcalcifications on
Mammography

Kenji Horino

The usefulness of a computer-aided diagnosis (CAD) us-
ing a mathematical morphology (Tophat method) for the
detection of simulated clustered microcalcifications on
mammography (MMG) was evaluated with an acrylic phan-
tom as well as a specially made phantom breast. The sites
of microcalcifications indicated by CAD were printed as dots
| on the films. With the acrylic phantom, CAD detected
microcalcifications as small as 0.177mm, but with the spe-
cially made phantom breast the sensitivity decreased from
100% for microcalcifications of 0.250mm to 25% for those
of 0.210mm. The detectability of microcalcifications was
influenced by the contrast with background opacity. A re-
ceiver-operating-characteristic (ROC) study performed on 80
images of the phantom breast by 8 radiologists showed no
significant difference between the results with and without
CAD assistance. However, when the observers were divided
into two groups according to the results of interpretation with-
out CAD assistance, the detectability of microcalcifications
with CAD significantly improved in the group with the poorer
performance. The detection of microcalcifications was in-
fluenced by contrast with the surrounding substance in the
phantom study. The usefulness of this CAD method presented
for the detection of microcalcifications on MMG seems to
be limited for inexperienced observers, but it may have po-
tential to be widely applicable with further refinement of the
technique.
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FLEX AL (mammography: MMG) 125\ TN IRAL
BIIFAME BT 29 A THELRFIRO—2Ta Y, F#%
O RUF IR ERE R R OBRBEHE ORI BV TR E
FATAY . ZOBUNEIRIUEDTRAZ & 72> TIZIAIL
D7 4N ADFEFENREPLETH LD, £O—FHTH
V& LDEAEL, Bidb 2@ IcFUEREZ & LT
MMGH AT EN TV TREL TAS LRENIROLND L
VI SEBIAN14.7% THAES A, RFEL LETEH004 %L
T572012, MBOBTIEIZERE L Voo b RO
TVBEPREIRLTIEETERWY,

I ¥ a— ¥ TR (computer-aided diagnosis: CAD) 1d
E{gEDT Y I MEIE-> THREBLTEAHMTH Y, Mg
F—FxaArCa—FIZLDRITL, FREOWNFEEDH S
Wil g 2 L2 L D P oFE ey L TIRED Bk
ELEBCYAT ATHBY, FLEHEIBIZHSVTIE Chan b
&L & ) CADIZ & 2 FUE O INaIR R I FEEA %
Sh, BERFICRZOE~OICHBIREIA TS, 4
b, BYEFLE 77~ bAZHAWTAEXMERE L
mathematical morphology % JH] L 723 > € 2 — & JLEH | C :11
D NEIRIEDRE 21TV, 7 7 2 b 2EBRIZIT ACAD
O FHE L 7O THRET S

MR ETK

1. {FREEs O 2 — 2 @GNS
WEATFLLLTIYEa—9%353 445714 (CR) ;
FCRO000 ¥ A7 A (FHEE 7 A )V L) 2R L7z, XHRRE
M IIMAMMOMAT (3 — X > ) & Fvy, 4FEF29kV,
BREM200mA, IEGIEFRIE 7 + & 4 v — 2 HWCEEIHR
TR LA, A A=Y 77— bIP)IZHR-V(H A X
20.0 x 25.2cm, ¥ 7 +EILE2000 x 2510, 7 L4 L)L
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%, TEREGRSEETRONT 1 A7 IR ESNDE, o
¥a— 52X 5mEE0HI, REFESNIERT—-%%22 A
T APICHARAEN TV L EGERBH T -7 A7 -2 ar
CR station-1iZ#E%( L, S HICFZICE TN L MG 7
M VisilogiZ#nk L TALEE 2T o 72, L BE{ELIEY 7 b
WEREST iR EEA8bit (256 FEFH) T B D1t L TCRODIMERES
EAS10bit (1024F550) T 5 720, #E%T % B I2bitd % 10bit
5 8bit M 2 M A T - 72

H{SALEE Y 7 M & BN ER O | dmathemati-
cal morphology ®—FfC# % Tophat LH % I\ 76", math-
ematical morphology & &, 4RI T V¥ VEHEIZBITA
HEERPITBE L T2 E5 TO2MAIREZEL) K
DEFIZHNS N ERFTFETH D, dilation, erosion,
opening, closing® 4 DDFEAEEN 545, 2 HE{ETE
Z 71284, dilationld 1 OEHEDIEEZ 1 1224, erosionld
0 DWFEDIE & 0 124 5. closinglerosion ¥ 4T - 72
#\Zdilation® 4T\, openinglddilation %47 = 727%|Zerosion
@479 . TophatWFE TIIE (£ & closingLHE & 1T - 7= [Hif%
EDEGEFEY, T LT 2 HELE T OBUNE IR
flizBt L Twb. &6 DOHETIIMNEIKILDSHIZH5 M
TAHHEEE 2 HERTRRLTWEDY, SROMREFTIE2
fEmEI{% & L THRIN S N2y NEIR B4 2 dilationl2 X 2 3%
KIEZ MR 7 CTHEE EICERTIRRLAE, &6
DEfREL I Ea—-FUHEFTo TWRVEERE %At
REZEHNTEL L) IZHERTHEIE L7z, F7-Tophat/LEE
BT AT A— 4 O, #0ELEEE 1 [, 26E
{LOBOMIMEIL 4 & Lz, ZoRfEX, #hibh sl
THEMBOERHERBLCLE ) WEERRY O/ S 41E
IERE L7z, B, HiF Lom# A Sclosing LELOPSIZ %
EEER TV ALEIIT o T v, DL E oS
BT LI, V=—HFTV 5 TT1VLANO-ENEIT-
7o. E{REREH T -7 AT a Y AOIEEFBRB L TH
HIREANI MR G 7 1 W2 FFIZTHE TS, 1H72D
F200 % E L7,

2. 3LE7 7 > FAICEH T B ERAVEE
1) 77 ¥ b LOMER &

FERE LTIHE 7 7 » b A demED 7 2 1) L
fetie AT, F:uaRIEE L CiE%0.500, 0.354,
0.250, 0.210, 0.177, 0.122mm® 7 7 A ¥ — X (Si0: : 70.8
%, Na:O :13.4%, Ca0:8.7%, MgO :3.6%, AlO::
0.33%, Fe20s:0.27%) % ZNENOKE SHN lemPU 5D
U210~ 12fE3 D HES €, 28Oy TRAR, AL
22b0% T 7 ) VBB IPORMICEWTIREEZT- 7.
receiver operating characteristic (ROC) {4712 4 % JL5E
77 v FARER, FAOEOEHD L BRI Y F2HW
TEMELZ:. FEzIa8L LUERATE S L) ICHLERYE
ORI, FLBAI X FIZ10%REDLIE L RE
O FMRBERZORARICEZ 72, Edta e kb 40RD
LEZIVFE2ERTITo 2. HHE, IvFREREFHRES
TREATIEETOEML, BEOBRIZIIINS 2 MAE
bEb I LT, &5ldenseRIEXFHBET LD
RO b2 v F R IBEREGDELLOEMAZ2EETO
MBEOEEDORLZIET 7~ PaREHR L. BUNEIR
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Table 1 Location of simulated microcalcifications on breast phantom
0.354mm 0.250mm 0.210mm  Total

beef suet 0 0 5 5
boundary zone 0 3 8 11
ground chicken 9 6 3 18
dense area 1 1 B 6

{bIZiE1%0.354, 0.250, 0210mmD ¥ I A — X%k & 24|
SRR D FETHEBES SO0V, BNAKLE S
GFBE7 7 ¥ bAz4ofl, BUNEKILEEERVEE T 7
Y MARAOBHRFE L. B, —20HE 77 v A
— DO LML e &L, FOFEMMIET7 7
YILMTEDVRERB XTI BNRIRKILEEEORE
% Table 1127R L7z,
)T 7)NT 7 bAILL B TPhiEE

0.500mm7*50.122mm F TO 6 fFHOBUNG I bR
FToUNT 7y MAICERTEFEL, MMGIZBIT 2 i,
FIRALDHGH & T 2 ¥ 2 — & N X B2 TER
L7-.
3) BEFLE 7 7 ~ b 412 & BROCHEHT

WNAIRIL R ELIET 7 >~ b 24006, BUNEIRILE &
T WVEEF 7 7 ¥ b 440 % FIVCROCIHEHT 21T - 72, B
FHEIIMMGEMGE L CADE B L zis Th v, g
NER I EMMG Al & CADBEFCZANRET A & 9 123R
L7z Tefi BE D) 58 1 3EHehE(E BE S & v, SB5R L 728
FIRILOFEIZOWTUTH L EHE L7100 8 L
TO~ 1005 DHIEEITHhE, BEIZYL0, 0SS,
KREGHZROHL ), S0 (EBELEHVZRW), 100
BHHEPIIREETEEDDL)DIMD 74 VA EHNT
==Y 7 %707 BIEFIIBUTRAES #THY,
2 BHEESR 5 SEDOMGHERHE, 6 A5 6 £ LK
MFHEMETSH A, BIEREII308E Lz, BRI
MetzDLABROC % Fi\ > THIZHE H-OROCHIH T DIfifit (Az)
ZHEE L, Paired-tiR7E % IV TMMGHIE R & CADBEH
A BIT A A EEMEEIT272. RIZROCHENT TH LN
T =% & HWTHE 7 1V AEOIEEGS I X Y sensitivity,
specificity, false negative rate, accuracy @ & L7z, H%E
HHEIBUNEIRIVERBE 2 G0 7 1 L alde1 B E, &3
BT AV AIA0F LT ZIEMRE Lz, 72, MMGHUMEE
WA BT 5 IEOF TN IR LSRR O R Ko
7o, HsEREIEsI S EFBE LD e L.

S

1. POUNT 72 b AICE S FHER

WEHR % Table 212777 . MMGIZB W TN EIKIEIE
0.177mm® b O F TIHEFEE # H 4 2148 4 OyINE KL
PETHH SN2, 0.122mmD b D TIde B ansk
Motz A 2—-FREIZBENT.210mmD b O F Tl
ERRR LR T 18 4 ORUNAIRAL D & TR S 725,
0.177mm® b O T 128 DN IR LR 4 AR 25
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Table 2 Detection of simulated microcalcifications on acrylic
phantom by size
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Table 3 Detection of simulated microcalcifications on breast
phantom by size

MMG CAD sensitivity
0.500mm  10/10 10/10 0.354mm (n = 10) 100%
0.354mm 10/10 10/10 0.250mm (n=10) 100%
0.250mm 10/10 10/10 0.210mm (n =20) 25%
0.210mm 10/10 10/10 total (n=40) 63%
0.177mm 12/12 4112
0.122mm 0/12 0/12

MMG: mammography, CAD: computer-aided diagnosis

IZEEES72. 0.122mmD b DTl EH Sk d o7

(Fig.1).

2. BB 77> M LIS B85

1)3 ¥ a— &0 X ANaIRILERRE OB
BANRIKILZ GO THRE L7ZIE 7 7 ~ b L4008

53— 0B L BMNEIKICEBREDORIIEZ

Table 3(Z7R Y. 4B, ARIOI Y Ea—yUBIIHNFH

ETIE 4 OBUNAIRALER# ORI S5 DA THEEE L

LTI LG %, £2C, 1lom?ll 3 L EOBINAIK

LR SN2 G A Il —2o0EEE R shzb o

& LTHIE L7z, sensitivityl£0.354mm, 0.250mm T{£100

% Td 1 (Fig.2) , 0.354mm TIdE 5D dense 2 HIHIZB T

bl 4 DN EIRAEA 2 TR & T 7z (Fig.3).

0 210mm Dsensitivityl£25% Tdh - 7z (Fig.d). 7z, ]cm3
22 fELL EOEETE Oy NG IRILER AR S B AL
90){.%[15 EOERBLIBEH S b5, f%[%ﬁﬂ:

DRMIFACERRILIL 1| B1472 ) FH1LETH - 7.

2) R IRAESR R AR 12 B S ROCHHT
8 ADOBIERSHBOMIEEILCADIF G I BV THER

LEMAFED LN, FEEI LD o7z (Table ). K2

Fig.1 Images of simulated clustered microcalcifications on the acrylic

|I

phantom. (A)original image. (B)processed image.

TR0 6 A25H

MMGHEMEEIZ BT 5AzIC L ), BEEDAzE0.9LL kB
L V09K D 2 BT TR OMRINAE Z B L /2.
Az 2 0.9 TIIFAZEIZ L VHBEI 2D o 72h, Az<09
HETIICADBFHFMR IS B W TH ISR RIFCTH o 72
(Table 5). F7:Az 2 0.9BF TIZCADPFAHBHEEIC LY
sensitivity, false negative rateld[f] £ L T\ 72 2%,
specificity, accuracyP[A] LIZFEDH %272, Az < 0.98 T
ldsensitivity, specificity, false negative rate, accuracy & b
CADBEHIZ L WL, specificity, accuracyldf&HEED L
BHE I (Az 2 0.90) DEISE DV T/ (Table 6). HH
PN AR ORI, 0.250mm Tlddense 2T
KT LT, 0.210mmTIZMEE G 2 BV TRTF L Tw
7z (Table 7).

z =

— i (R R EE AT E S iR T A RIS BT A REO
R, WEHETEREDT Y I A MIHFST LK
&V, MMGHERESFIEHE 7 7 >~ F A S TWAH
WZ7 2 VBB TH 225, ARKILOMKIEE B L T 5%
HETIBASIIIFHELDI Y T A MIHS TRIGE 2
“ﬁ@fu“ LBDCADD 7 7~ b LEERIZH 2T
, EBRICERBICREI S NSk 4 7 “H%zf%nﬁﬁ

WETEXZLETHBATALEN DD, Z07DIC

77y M AROEAMIZE N FFHER & LHE-.%E&J‘G’D g

Mo A MBRED, ESIIE—-TRER{EHD 77

YRLAFHEMTAIENET L EEZ SR

DL MR TS DL L THigashidab'?

DIRFTIE 9 MO FAT 12 TEIEE S i AMRFLE =

HLTWwAD, MEUMNOWMERFLE7 7 >~ b A

A L& T Tlchwv. SO0k cidE

I EB LI v FefER LI-AE 77 ok

ZEL, EBOILEXHBBETALNAEM L ERIC

EVWEEZHEELE. 7, FEBIUIVyF0F

NENIIODWTESZEZ-DbOXHEFLFNO %

HAafbeEsZ T, BIFICE A FradiolucentZ2 3L

B IO L 2dense 2HLE T TEHHETAZ

ENTEL, NAKIEE LTI, FLEIRFZAXH

OB EFMAICERE SIS N7 7 A - X & FH

L7z, 75 A= ADLEEBII ERFITERICE

BENLMNAFRALOMEIEMN T TR Y, EHS

L LTSi02%708% &AL, F7/2Ca0hB7%ETI

TWwh, KX £120.122~0.500mm? 6 FHIETH Y ,
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2
microcalcifications of 0.250mm on the
(arrow).(A)original image. (B) magnified
nified view of the processed image super-

Fig.2 Paired images of simulated clustered
breast phantom used in the ROC study
image of (A). (C)processed image. (D) mag-
imposed over the location of microcalcifi-

cations.

FNEFENDONE SHHZI0~12% iecmUFOHRIZEFE S EROBISEEOFEHENLZBETL NS0T E
THEEFIZER L 7=, WZEEP R R D 'Z~’Z-§"'C8?J ofz. FITREELE

AP RN ""w.-_ffiez*éﬂr.m%'r’ /INAIRIEDK & S 1L TmmEL i<y AT LA THACADICULEL ENDETIEEZER THD
T, 0.lmm~0.5mmfEfE & &4, CRTIX0.2mmFEEELL D &, WK & Ly NEIRIED S 3 N IRIE D S %
i NEIRAEASEREE 0T g &5‘%":"3;. EMAERETLITRIZ OFBIBRGLIRTHY, G LAEERFVBISENLEL
KE IOV TIERAARHE, BERRDHLWITEVWLD i§ N50.210mmD /A KL dense 7 HISIZE % 5
RRVHDHREL TWDH Z EHE v, SREIORREIIH 0.250mmD v NREIR{bA A Iy Ea—# I L DR L

AIRAEO BEMEOER L D370t icFT 55z B9 MEEOFEE TR T A Z ENEEEZ bR KRIZ,
fi LTBY, Fh-thokE SHNIER S TRHREHSER ¥ a— BRI B AN AEO K E SHIORHIZ
7z, LEOWENMING Mt%%&%@wmm 250mm |2 DVWTHFHEiL/2& A, 727UV T 7 2 b ATIZ0.177mm
ﬂJ Adense 2 FEI%, 0.210mmiZ B NEhEER oy & FLER AT FTHRIETETH- /2. L2 LEEALE 7 7 v PA TR
DEER, FUBRERN R Udcnsc&?ﬂf",{ iob‘ ETFLTED, 0.210mm @ sensitivity#25% &, 0.354mm, 0.250mm® 100

iy

A B

Fig.3 Magnified im-
ages of simulated

. clustered microcalci-
ll fications of 0.354mm
on the breast phan-

i : tom used in the ROC

' A stucdy (arrow).(A)

: criginal image. (B)

processed image. All

. microcalcification are

pointed out on the

processed image

inspite of the dense
background.

16 HARERSRE $558% £75
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Fig.4 Magnified im-

S 3 j:lustered microcalci-
on the breast phan-
study (arrow).(A)

processed image.
microcalcification is

ages of simulated
fications of 0.210mm
tom used in the ROC
original image. (B)
Only one site of
pointed out on the

processed image.

% & ARG T LTz, 0.210mmOBUNAIRILE & T— Y DIRESRELRIMEEL PSR ELEZ LR
0 THR L 7220001 BT 2 F RN A IR LSRR A 5. ARG IR U220y 7 b o5 # i 1 28bit
Ui, MElhERa-E s Gl 3 6, BERE & AR OSSR E T8 (256Fi) T B HS, CROWEREE/EHE L 10bit (1024F55H) %
Bl 2 B TH -7z, TR L TFURERS (3 B) R dense % HLTWD, 4% &) KE LIRES B IS 2 Eg
W (4 1) TIIERIRE O ERLEE 1eom?12 3L 1L WEE 7 b OEBHEFE SN DA, B RRE OB NI
EDTGEIT 1 HLmB SN TEBSY, grda—-siL @7 — 5 'O, OV TIZWHEEE OB~ & Dk AHs
HoORREEZ 5N, D, ay¥a— 2RO EL R RTH L,
Tophat LI (2 & BHEUNEIKIEORHNIE, XHREI{E EThvh UNEIRE R DR 12 31T AROCITENT O H, %R
AKIEDOE S B RATEN B IRELLEET A Z L 40l BEAEOMFEIIMMG M & CADFHIFICBWTH
RELTBY, BMIBICELTIZESEIRICBT A MEOR BEERDRh o7 BISEEEMMGEMERIZBIT 28
ENKEEEEFS. LrL, 72UV 77 ba%H BEIC & D 2 BRI 2B, RMIEREO LBV BETIZCAD
WITMMG 2 H#iAE L7 & S AMUNARIRIEDO K & AV E BERIC & D RILRED ) B FRD L h o 7225, MRIHEED i
B TRUMNEIRIEREH LR &Y, BREDar 5 FECEECIZCADBFAIC X W IS AED A E L Tw»
AMIEFLTOWE, Thbbiy \E ALDE F AR 2. A OROCHHT T3/ AIRILEFEIRDRREIZ DV T
ErIREE, L V) mET TR, BRIFFE—THo BELTB), REROEIICMET 2@z, Ly
o LTORESHNS L IS BIEEBEREIZE 52 L, $e0#iPiz SOy NaIRIEAERE L Tw 2 A3 E
B A HEEIZ o T b eEZ LN, HROR PO REMEATES <, EBSIZFUBBES (IS L2 EE 128w
L AEEOMINAIRILREEEE LT, WSRO T CADIZIR I RED B B £ BB DR ViR # 12
BRI Lo MEREEERE L TV 572, HRoF—% BOTHMMEHT A Z i sh 5, Zhud, fEkE
BEIOTPRIL FTAMEERBT 27201208, EHifg DCADDFIFE & LTHETFLNTWEREE L@-ﬂirﬂ", speci-

ficity D[A) b, FERCEEE DAY ISR ) A H/-4Fk L%
Aoz, Lk, BMEFEDLBNEVEIZB YV TIZCADH

Table 4 Area under ROC curves (Az)for detection of W & BB REOR) L7 d o 723, sensitivity, false nega-
simulated microcalcifications tive rateld[f] L LTHY, ZOBEIZHBVTHCADIRREL L
observer MMG (S.D.) CAD (S.D.) DR IZHEGTLLDEZ LN, LALEND
1 0.964 (0.020) 0.973 (0.020) specificity, accuracy ZEETF L THBY, BEEOEHEE
2 0.952 (0.025) 0.951 (0.027) WOT &) LEMYLEEDLELEZ SN
3 0.941 (0.030) 0.948 (0.027)
4 0.915 (0.033) 0.882 (0.043) Table 5 Area under ROC curves (Az)for detection of simulated
microcalcifications by Az value
5 0.879 (0.040) 0.952 (0.026)
MMG (S.D.) CAD (S.D.) P value
6 0.865 (0.042) 0.922 (0.034)
y " L \ ]
7 0.831 (0.048) 0.915 (0.036) Azz09group  0.943 (0.021) 0.938 (0.039) 0.687
8 0.793 (0.052) 0.853 (0.045) Az<09group  0.842 (0.038) 0.911 (0.042) 0.002
average 0.892 (0.061) 0.924 (0.040) Total 0.892 (0.061) 0.924 (0.040) 0.067
MMG: mammography, CAD: computer-aided diagnosis MMG: mammography, CAD: computer-aided diagnosis

ERE104E 6 H 25 H 17
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Table 6 ROC parameters for detection of simulated microcalcifications by Az value

Sensitivity ~ Specificity FN rate

Az = 0.90 group

MMG 73% 89% 27%
CAD 83% 86% 17%

Az < 0.90 group

MMG 56% 71% 44%

CAD 75% 84% 25%
Total

MMG 65% 80% 35%

CAD 79% 85% 21%

Az: Area under ROC curves, FN rate: false negative rate, MMG: mammography,

CAD: computer-aided diagnosis

Table 7 Detection of simulated microcalcifications on breast
phantomn by size and location

0.354mm  0.250mm 0.210mm

beef suet - - 83%
boundary zone - 75% 47%
grouncl chicken 99% 71% 21%
dense area 100% 25% 16%

L%, FUBRREPICMMGHEA SNZBRICIZKEDEI{R %
ST ALEESELS. ToEE LTI, MMGIZDWN
TH# L BBROBELREMOMEHEZ NS 2 2 LW
ETH AN, CADICIIKEOEEOFEL T2 AT
LELTOWMENSHFEINA TS, SEOREICE YN
AIKAEDIENZ DV TCAD 2 BE A L 7-5iie DA FITEA RS
20, MMGERWI-FUBIRZ~NCHTE S EEFE L LN,

i B
Accuracy
D#NEIRAL DRI BT ACAD DA
87% WOWTHRE Lz, av¥a— 7ok
86% REF20FRE LTHET A 201211,
0.210mm ~0.250mm#E £ Ofd/NA IR b % 4
HLGLEENPLETHL EEZ LI,
66% Nar¥a—yMEIE, 72O 757 2k
83% LoT0.17Tmm D/ NEIRAL F TR T g
Thotz. BHEILE 77 P4 TR
0.354mm, 0.250mmDNEIRILIEERE O
76% sensitivityl£100% T&H - 724, 0.210mmT
84% 1325% LAETF LTz, 0.210mm D% FRHE
1, FUIRERG-Pdense R EIIZ BV TR Eh
TWizdroiz,

3)UNEIRALEREORHIC BT AROCH
WOMER, BIEEEEROBRBFEIIMMGEMETE & CADBEH
FECPVWTHEE® RO o, BIEE YMMGHM
RAIBITAHMERIZ X b 2 BEZ o, BHgEO By
EWBETCADBERIIC & W AEICKRIEENTA L LTz,

a2 Al08720, RifoMis, MEREzTHSE $ LE
EERAZREEERE  PH BEEIRICE R L T
F AR TR 1 MU AR E O F A 1 X 1 RS L
EiFET. S6I27 7 b AOTER, IS TE 2o
AR/, ANEEEEARZ H NI T v ¥ o — & RUER A
FAEVWZCELEE7 A LA B KBEREK, BEAFT1 LA
7 & (BR) IR R0 & 0 R L i E T

%72, ROCHIDIERIZ 47 ) LABROCZ ) & TIEW /2
Dr.Metz | ZJE < fHIFLE L B F 3. ARFseo—#id 45600 H AR E
SRS (1997, BGE) 2BV THER L.
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