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Development of Automatic Classification System for Mammographic Masses :
Saw-tooth Region Detection Method for Recognition of Mass Contour Shapes

Toshiaki Nakacawa,* Hiroyuki Sakural* Takeshi Hara,” Hiroshi Fujita,* Takuji Iwasg,**
Tokiko Enpo,*** Katsuhei Horrta,T Satoshi Kasar, ™t Akiko Kanott

Absiract We have been developing a classification scheme for breast masses on mammograms as a part of a
computer-aided diagnosis (CAD) system. In this study, the problem of classifying masses into benign and malig-
nant using shape features is addressed. The type of the mass contour, such as circumscribed and microlobulated,
is one of the features, and the recognition of this type is very important for classification. We attempted to im-
prove recognition accuracy by using a new method to detect the saw-tooth region of a mass contour. The mass
contours analyzed using the proposed method were drawn manually and extracted automatically by a method
based on an active contour model to label them as convex segments. The shape features were calculated from the
change of the slope of the tangent to the contour in the polar coordinate. A total of 160 masses (127 circumscribed
and 33 microlobulated) were extracted from digitized mammograms for shape recognition. Moreover, a total of
202 masses (124 benign masses and 78 malignant) were used for benign/malignant classification. The correspond-
ing accuracy using manually drawn contours was 88% (141/160). As a result of benign/malignant classification
using this method, the classification rate was 84% (169/202) and the value was high compared to our conven-
tional method based on fractal dimension. Automatically extracted contours achieved an accuracy of 76%
(121/160) for shape recognition and an accuracy of 73% (148/202) for benign/malignant classification. The re-
sults demonstrate the feasibility of using the saw-tooth region detection method in shape recognition for classify-
ing of benign and malignant masses on mammograms in a computer-aided diagnosis scheme.

Keyword : Shape recognition, classification of malignancy, computer-aided diagnosis, mammogram.
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Presence of abnormal density

1) AR ERTEY
Yes +1 ¢ No+0

Presence of sharp outline

2) ERVHARTHS
Yes +1 l No +0

Presence of stellate lesion

NAENBESELTHD

Yes +1 $

Presence of surrounding retraction

4 BIEDB| -8B AHLNH D
Yes +2 ¢ No 4-0

HRETSE 434535 (20064E9 A)

Characteristics of malignant masses

B

Characteristics of benign masses

BAERTR

sresserssenrsens

Presence of smooth boundary
5) BEF %D OITHA

No + 0

Presence of halo sign
6) NI—Fhb

....................................................

Yes -1 No+0

Uniform inside density

NHERELTHS

Presence of brushed outline

8) AEARETRWEL S RIERTH

Yes +1 é No+0

Presence of thick vessel

Presence of numerous microcalcifications

1) BUIVEBRAL S8 5

9) I A&V
Yes +1 é No+0

Presence of calcifications

10) BIRALR H D

Presence of tubular calcifications

12) BRAFRALE B 5

Presence of macro calcifications

13) MARRIR{EDR B B

Yes -1 % No+0

No +0

o

Total . &%&t

[ Total score=2 Malignant Total score<l1 : Benign ]

X1

REMEN 0 Yy 7 [24]

Fig. 1 Diagnostic logic for classifying masses on mammograms into benignancy and malignancy[24].

TR (7, 8], BEUEFME], MARKILZ S50
BERH[10,11], ¥4 XA b= a ¥ BEOEN) oRE
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% BT (stellate), FEIIR (nodular), B X U (round)
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%. F7z, Sahiner 5@, BEEOBFICH L TEELFH
OWHE % BHFIZIR > TE72EE DS SGLD (spatial gray-
level dependence) THIB XU v L > &7 2475 % Rdis
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T, BEVRETHIEPNISHEETS. ACF25%
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ACF 272 EOEBEMBTEL I LIRRERY
¥/, ACF 250 VEREBOHEIIREE 252k
BFETERL, LizhoT, A¥F250MH & 1351z,
ERODBRE BT 5 FENRLETHY, /4, 28
PHERE LM E TR, B 8Eic U Tl
ZIT) LB TH B EEZ SN 5D, Rangayyan 5,
DD RFTRIRATEARBUC X BT 217> T 5 [23].
S TIAEBIER O R CH % circumscribed D055 % i
DOEBEACX 252 HORELSELER, BIROE
T3 91%, BEMEN T 2% DIFMRELE TS,

bivbiid, ERPERCIEEOBEEZENT 21
EHTAMAC Lo TR SN BERENT Yy 7 (B
D 2HCAEREREN VAT A2RELL[24]. 0B
EMRENo Yy 713, I3RORMESB X OESRFRICET 3
HEEPOERSH, REBOHEERICBANREINT
Wh, AN U7 BB ORI 2B AN 2 MU B & EiklE
W, 1EUTA2oREEREE LTENZTS. CoENF
T, SERE EDICFHHBOBEZENFBREOBMR
LTERRTELFANDH D, 0¥y ObiICiZEEOLR
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AFOF/ERLREBRZHRB L, REREOKFHEL LTHY
LOBRTIREE T HFEERETSH. £/, HEPEZR
EMEN AT AICERL, HROFELTY. 512,
FHROBMS 2 RTFELLTHOSNRE TS5 7 ¥ VRIS
FEOLFET] EORBEREEITS.

2. F - 3

QBB OARERT R 2R3, LB R 2 mi-

crolobulated T&H B JEE X, R 7 v FICR SN2 WEHIK

PR MR ETH B DKL, sBEF R circum-
scribed TH LEBO LB REFEBETHE, 20kH %k

e

(b) circumscribed

B2 REEOLERIR
i EER G EMORTy T,
Fig. 2 Contour shapes of masses.
Left: original image, right: sketch by radiologist.
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TEEAT) L) EMOFEE e —8T 5. BEEERO
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b 0 ('I’)?/o,r_mar+1<0)

(0<6<360, 0= r <i-1) (2)

FLT, BEERMISNIIRT —F b, DIFEZIZ
BUALy VBEEE e, DEICL T, FOHRBEED
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Iz X > C2MHEMLLEZIK4(d)ICBNT, 00fEE:
BOoBMELAHERER L EFE L.

SIGT — & P b AR 7 50 % Wl U 72 AR SR B
LT, Beiins &) B RERORZE 2772, &

Input of extracted mass contour
v

Decision of center point
v

Reconfigure of image
v

Deletion of indistinct contour
v

Recognition of the top on serrated area
v

Recognition of serrated area
¥

Classification of mass contour

3 JEEERESRHEO 7T —F v — |

Fig. 3 Flow chart of the saw-tooth region detection method.

(a)

5 EHETEIROEE

®

ERETSE 43%3% (200549 A)

(d

(e)

E4 FHEBEZOHIBR
(a) BEOBRREE®R, (b) #F—%, (¢) vy¥
MEE#, (d) vy VHEEBEZO2EILEE (e) &
B R B 2.
Fig. 4 Deletion of indistinct contour.
(a) reconfigured image of mass, (b) contour data,
‘(¢ ) edge-ntensity image, (d) binary image of edge-
intensity image, and (e) result of deletion on indis-
tinet contour.

(a) FEEBROBEROGRE, (b) SWBIREROBREE, (c) HERIRTMER.
Fig. 5 Search for saw-tooth region in mass contour.
(a) decision of the top in saw-tooth region, (b) search for saw-tooth region, and

(¢ ) recognition result of saw-tooth region.
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(a) 7979 NVELEB 7525 VRS, (b) FEERREREIC L 2EEFEEOEE (FaihbLRRE
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Fig. 6 Recognition results of mass contour.

(a)fractal dimension,(b)rate of saw-tooth region{manual extraction contour), and( c )rate of saw-

tooth region (automatic extraction contour).
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Table 1 Recognition results of mass contour forms in each method.

Circumscribed Microlobulated All
Fractal dimension 80%1(101/127) 45%(15/33) 72% (116/160)
‘Sawtooth region detection o, (116/197) 76% (25/33) 889 (141/160)
(manual extraction) :
(automatic extraction) 80%(101/127) 61%1(20/33) 76% (121/160)

(b)

(d)

7 EEOEEIREERA (B ST, A Do)
( a ) microlobulated (FEHHH LFEHH), (b) circumscribed
(FEIEREER), (c) microlobulated (BBl L%
#H), (d) circumscribed (B BhflHA#REH).

Fig.7 Examples of recognition results(Black line: serrated

contour, White line: non-serrated contour).

(a) microlobulated (manual extraction contour),
(b) circumscribed (manual extraction contour),
(c) microlobulated (automatic extraction contour),
and (d) circumscribed (automatic extraction contour).

FEFINIXF LT 76% (25/33), 2T 88% (141/160) DRk
RThot. EELDOFHEIZOVWTLRIEMEICITZ BB
YBAHFEEFFDHONN (p<0.001), 757 FNViELD
RN REIBESE o 2.

T/, BEFED o HEERREREIIBNT, Avs
BRI L HFEE DR ZAT) 72012, BIRIBEFVICE
Dz BENR R E 271 X o T S -8y — %
(HEpMHER) 2 AW ITo 7. ZORR, FEE
REROEESOBMESR 30% &5 L, circumscribed DIE
Bz L C 80% (101/127), microlobulated D EBFIZxF L
T 61%(20/33), & T 76% (121/160) DFEFHEFETH o 72,
BB LR T VD L REBEIRET L.

B8 HERLGHIRTERMIC K L 7E S

Fig. 8 Failure cases of recognition of mass contour shapes.
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B 2 E0D D o 72720, TRDBERICLEVHRS
h?‘:.

32 Lﬁhﬁn&¥£®Ewﬁ%ﬂL$H64ﬁ

ETWRBHIES L OELGF— 7 2, AERENT Dy
7@&@%ﬁaﬁmﬁﬁuﬁﬁtt&%@#%#%@ﬁm
B OLEE, BRG] 78 fE6), BRI 124 R 05
202 B E VT Tot. ZOREELE2 ICRT.

FEMHDGE T, ARRRBBOTV Y 71275
77 VR A LR, EEAERICH LT 60% (47/78),
BRI LT 73% (90/124), 2KDERIR & LT 68%
(137/202) CThotz. F7z, FUFEBMMEDGE CHEBETR
WRELEA LR, EMEEAICH LT 81% (63/78),
BAEFIZH L T 85%(106/124), &k EwMZE L LT
849 (169/202) T o7z, WIFFIRENH CHBBLE N
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* Table 2 Classification results of mass in each method of recognition of mass contour forms.

Benign Malignant All
Fractal dimension 73% (90/124) 60% (47/78) 68%(137/202)
Sawtooth region detection 85% (106/124) 81% (63/78) 849 (169/202)
(manual extraction)
(automatic extraction) 73% (91/124) 73% (57/78) 73% (148/202)

#3 BEEEENOSBOER

Table 3 Causes of the failures of the classification.

Term of failed analysis Number of cases

(443)

Presence of surrounding retraction 12
Presence of stellate lesion or smooth boundary 9
Presence of sharp outline 4
Inapplicable to the diagnostic logic 8
ToRHRTBIREREEZ BB RESMERTBY, T/, EERETLTYS, Zhi, BB AREEd1em

PREIC L 2EBENRD LNz (p<0.001). ERIZEK
L7z BBEFIORFONRER S IIRT. A F 2 TR
DIHIE 12 B, BBFTCRERH O SBZ 9 5EH, BFDOH
BEOHRBIZERB LD AENTH 72, FOMBD 8E
Bk, FEHZELSHELTWSDS, EMORREIZE
L BHENRER L R o HERTH o 72,
BEMFENFBRIIBVT, SRICX 28RO LE
To7z. SEHEMIRRERE L DBIRERRICGER L, HEH
g% AV 7256 0SRRERIE, BHEEMAICH LT 73%
(57/78), BHERIIZH L T 73%(91/124), &4+ LT
73% (148/202) DERIRTH o7z, L, FHHBLE
2 HWBAEOSROETIE 84% (169/202) & H#E L T
BEPMET LA

4. % £

7575 VRILE AV IR IR AR E L R I R
HREBRRT 2 LB RBBEEZRBE LRI 2T o286
B, FERMBEZEFEALLEES, 7977 VEORE
T 72%(116/160) & HEE LT, $EH IR RE 12 88%
(141/160) L BESENLTH-. EMZEBER TIE 2L
BHOBWIBEHE L CARFTRZIRET 5720, L%k
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