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In this article, trends in development of computer-aided diagnosis (CAD) algorithms for detection of archi-
tectural distortion, which is a typical sign of breast cancer in mammograms, are briefly summarized. Recent
techniques including the state-of-the-art are reviewd first and some of fundamental problems inherent in the
techniques are analyzed from a viewpoint of pattern recongnition. New attempts to overcome the problems are
then introduced. An essential core of such attempt is a new local contrast-based detection of the sign. The
new detection using a difference of Gaussians (DoG) based filter is more robust to noise in mammograms than a
breast glands-based detection that has been widely used in conventional CAD algorithms. Furthermore, a new
model of normal glands orientation has introduced to evaluate similarity between the actual glands and the nor-
mal. This is simpler and more effective than the conventional geometric feature evaluation of the glands con-
figuration. Although some experimental results suggested that the new method is superior to the state-of-the-
art, it might be worth to mention that we should use CAD systems with caution no matter if they fuction very

well or not because they have the fundamental limitation in the sense of the pattern recognition problem.
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Fig.1. Trends in number of women’s cancer patients

by major sites" .
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Fig. 2. Typical findings of breast cancer in a mammogram.

An architectural distortion.
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Table 1. Screening rate of breast cancer in the over 40
age group in Japan'.

2007 2010
Year ast 1 year
p ¥ past 1 year | past 2 years
Screening rate 20.3 24.3 314

WCRT I ICHWRE SRS LTSNS, JE
IR, BB X ORI A A T 5 (SR
ZCTHY, Fig.2(0) IZRT LI ICHEETH L
BEOHEZ b 2BE L LTEND, HBEDFEL
L, IR MRS TIE e WS, IEF 0L
HEPEREESTIHETH Y, Fig. 2(c) 1ZRT
I 1S BEHRICIEN B A F 2 5%, FL
BRIEE O RFTIG | &AM D 5V ITTEAREDFEY &
ENBH, 2D &) KT R O BRI %
AT 5720, 2TCORELMROIRHETE S X
97 CAD 7 VI X AT, #hEh%
FRAICHBT 2TV T ZAPEESIA T
611-14)0

TP E B L, R EST T AEGEO (HHE
FEIZ& %) Fe BB A0 A OB AR
LT M/AKIEREREOKETZNZEN
94%, 82% & BB\ NMETH 2 DIZRF L, HEEE
DENDEKEIL 60% LV EEZRLTWb, 2
DZENS, WEOFIUIMOFTR L LT, &
BafAREM TR EREE L3SAE LT
WIRETH D EEZOND, T2, EBRICERIE
HENTWBE 2008 HD CAD Y AT 4% Hw
THESNHEEDOFL N OBHRFE X 50% Aiili T
HHEVHIHELHY L) RBOES

(b) Amass. (c)

(a) A microcalcification cluster.



FLBE XM EOREOTNBI IR Y A T A DFHIEIZDOWT

EAlEmVI LICHRK LT, 22z bmHmC
LRESEDOENA CAD 7V ) X A DRSS ILER
D S0 Lo L, BT TEERDIE <,
LR X9 VZEERRT b RERATER T UL A8 L
W7z, CAD ¥ AT A2 X A FEMih & <12
LINTWERETHL LD VR b,
ZZTARTIE, ZoOBEOEIVREICESY
HTH~YETT74HCAD 7))V T X LEA5E
B LMERZHI L, TNERRT L7200
HAEMNT 5o & IT, BEMORLR L HHRY
B e TR AR L & IR Y & HR
TEL L9, TEL7Z2F7 VT X LOHEFNFE
ML H A D R WEH 2 A D,

2. BEQOIANGET7INITY XL EEE

2.1 fERE & MERERRF

INFE TICHEEORNEZ TR E L2k A 7%
CAD 7 VI AADPRESNT WD, Bl 21T,
TP Ao FUR RS B L MR E A
ERGZFET . 7 AT L 2T 50
RN D, 797 ¥ VEMEB L O
R -7 ¥ —=< 3~ (supoort vector ma-
chine: SVM) (2HD & Y, & HIGIGFE fRHT
WZHED L, BEIERERN T 4 L 512k
JiEE TR AR X0 B SR o % iR
FL, BEIR7 4 Vg & B ERY ) R —
VT ANV BLUBENEETVICED LK
BN R LkA R TERD D, TN DR
WIND, BEEOILS) (REF2T) L)
DTV A R FRICEEH L, 2O x %
BTV T IO —F 2L oT05, LAL,
HEDELZAENL Tt L IIE AT,
& IR DR DY) AV OERILOTIZE
WD D B

ZOREHRE L TRD2EDPEZ NS, £71
FBEE, FLBE X ARG & S ) 22
PR R L BB EED S TEO TEIBHCTH
LI, JAADBRKENEN)Z ETHLH, T
Wz, FEEIEE D B IR, B TR » b
TANRBEREELTHNDLZ L DD FOME,
BEFRPTIIIRE > &9 & fIB T BT 7 i

Fig.3. A normal mammogram®.

(1) Mammary
glands. (2) Cooper s ligament. (3) Nipple.
(4) Areola. (5) Skin line. (6) Fatty tissue.
(7) Pectoral muscle.
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Fig. 4. Two mammograms with architectural distortions and detection results to them by a previous method'?’.
(a) A mammogram with an architectural distortion. (b) Detection result to Fig. 4(a). A yellow circle
is most likely to be the architectural distortion. (c) A mammogram with an architectural distor-
tion. (d) Detection result to Fig. 4(c). A yellow circle is most likely to be the architectural distortion.
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Fig. 5. Examples of architectural distortion with lower
and higher intensities compared to those of the
surroundings are shown in (a) and (b), respec-
tively.
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Fig. 7. Result of the previous methods and proposed method.  The region surrounded by a red line indicates
an architectural distortion. (a) An original mammogram. (b) Result of the previous method®. (c)
Result of the previous method®”.  (d) The DoG image | D, (v, 3 o) | with ¢ = 87.5.
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Fig. 8. A difficult case to detect by the proposed meth-
od.

E5o 2D X IZHNMNT & T DMIEHEY R L,
x eimBe BAEAQ MAGHLETNLZET,
Bz MR BT E %,

4. bV (IC

AT, FREMOBHBREO-ODT Y
o= IHBMI AT LD L, AP AOH
R 72 WG RO — D> TdH % FLIRE L ORLINER
EHRETA27LT) AADOWSICBITAMEE £+
NZ BT 5720 DFHARZ L7720

NS L NI AEEOT Y T A MHAE
T BEI2IE, B L 72 ERE B3R Sz,
F72, SRIOERTH ML DHETH - 72
7 FLBRFEISCAFIE T A WA LT, ZDJERA
RS RR L, D X O RERENT & RO
M0 SR L ASHEREM LoD 7 HY B T REME & 4 L
oo LU, EAGICEMER: Y AT DS
NThH, 22HOERBRITIR L7237 — VRBRRIZB
5 3 O0OMBITAREN L RA L LTHET %,
TERGIIZERRIS I T 2 2 AT ADFE SN
50 MFEEIND N, BRBESICB AT,
CDE) BRI AT AOKREWNRA % ZEN T

WL W22 & 720,

B m

ARk, FHEEROFILKRF RSB TFIIE
FHE L2530 OB 2 HIC LT, INEBIE
LTHRELZLDTHL, T2, KR THAL:
WrgeD—#Ri%, ST HEEE 7 107 F 2 (A-Step)
v — XFEFEAL S A 7 241FS0027 DBIRIZ X - 725

X 2

1) Matsuda, T., Marugame, T., Kamo, K., Katanoda, K.,
Ajiki, W,, Sobue, T., The Japan Cancer Surveillance Re-
search Group : Cancer Incidence and Incidence Rates
in Japan in 2006 : Based on Data from 15 Population-
based Cancer Registries in the Monitoring of Cancer
Incidence in Japan (MCIJ) Project, Japanese Journal of
Clinical Oncology, 42, 139-147, 2012

2) EEDA AR ¥ —id o s rR It mH
7 (2013 45 1 H4ERT), https:/kapweb.chiba-cancer-
registry.org/web/general/top.aspx. [accesed anuary 23,
2013]

3) HAREFWI#HFAR, YT T TANAFTIA Y
ZHE, HABFE®EmN Y&, LERvEES
() : Y~V ETTTATAFITA VE2M (Kt
hiy, BEEEEEE, 2007

4) EEFEE AT ESRERE R P AT
FE i O 72 © O $5 £, http://www.mhlw.go.jp/bunya/
kenkou/gan kenshin.html. [accesed anuary 9, 2013]

5) Fujita, H., Hara, T,, Matsubara, T., Fukuoka, D. : Com-
puter-aided diagnosis (cad) in the field of breast-can-
cer image diagnosis, Medical Imaging and Information
Sciences, 23, 19-26, 2006

6) Tang, J., Rangayyan, R.M., Xu, J., El Naqa, I., Yang, Y. :
Computer-aided detection and diagnosis of breast can-
cer with mammography : recent advances, IEEE
Transactions on Information Technology in Biomedi-
cine, 13(2), 236-251, 2009

7) HHEE: EHEGOZo0 3y ¥a—5 i8S
Wi A7 A ORIEOBUIR L Ik, HAGHESZNE,
66(5), 484-490, 2003

8) Illustrated Breast Imaging Reporting and Data System
(BI-RADS), American College of Radiology, 4th edi-
tion, 2003

9) HEHVAMZE S —: FIIEDLIITDND
RYETTTA, N7 MV 3T, WL, 2002



10)

11)

12)

13)

14)

15)

16)

17)

18)

19)

20)

7R R ERE

REPEF T, AHET, UK x> €77 74%
WrodED T R A 2 b, B3R, @B, 2008
Jing, H., Yang, Y., Nishikawa, R.M. : Detection of clus-
tered microcalcifications using spatial point process
modeling, Physics in Medicine and Biology, 56 (1),
1-17, 2011

Eltonsy, N.H., Tourassi, G.D., Elmaghraby, A.S.: A
concentric morphology model for the detection of
masses in mammography, IEEE Transactions on Medi-
cal Imaging, 26 (6), 880-889, 2007

Karssemeijer, N., te Brake, G.M. : Detection of stel-
late distortions in mammograms, IEEE Transactions
on Medical Imaging, 15 (5), 611-619, 1996
Zwiggelaar, R., Parr, T.C., Schumm, J.E., Hutt, LW,
Taylor, C.J., Astley, S.M., Boggis, C.R.M.: Model-
based detection of spiculated lesions in mammograms,
Medical Image Analysis, 3(1), 39-62, 1999

Hatanaka, Y., Matsubara, T., Hara, T., Shinohara, N.,
Fukuoka, D., Fujita, H., Endo, T.: A comparison be-
tween physicians’ interpretation and a cad system’s
cancer detection by using a mammogram database in a
physicians’ self-learning course, Nippon Hoshasen Gi-
jutsu Gakkai zasshi, 58 (3), 375-382, 2002

Baker, J.A., Rosen, E.L., Lo, J.Y., Gimenez, E.I., Walsh,
R., Soo, M.S.: Computeraided detection (CAD) in
screening mammography : sensitivity of commercial
CAD systems for detecting architectural distortion,
American Journal of Roentgenology, 181 (4), 1083-
1088, 2003

Ichikawa, T., Matsubara, T., Hara, T., Fujita, H., Endo,
T, Iwase, T.: An automated extraction method for re-
gion of architectural distortion on mammograms by us-
ing concentration index and the top-hat processing,
IEICE Technical Report, 102 (575), 31-34, 2003
Ichikawa, T., Matsubara, T., Hara, T., Fujita, H., Endo,
T., Iwase, T.: Automated detection method for archi-
tectural distortion areas on mammograms based on
morphological processing and surface analysis, Proc of
SPIE, Vol. 5370, 920-925, 2004

Matsubara, T., Ichikawa, T., Hara, T., Fujita, H., Kasai,
S., Endo, T., Iwase, T.: Novel method for detecting
mammographic architectural distortion based on con-
centration of mammary gland, International Congress
Series, 1268, 867-871, Elsevier, 2004

WY, ERT, B, BHAE, mEsE
F, AR L: vV ETTAIBITAIAROET T
B ML OV O BB, TR

21)

22)

23)

24)

25)

26)

27)

28)

29)

LA CEE, D-IL T 2 AT A, T-78% — QLB
87(1), 348-352, 2004.

MAER -, SR, Rk, R, HEHIARE,
HIEEET, HlEih L B XHEEIIBIT 55
PR OBEERAT 12350 S OEL O BRI, &
FIEHGEEFREAITERE, ML, EHBE, 105
(580), 49-52, 2006

OB, B, IR, BEHIRE, mEEE
T, AT IS O S EERHIE I SO (v v
E7 T AIBITBHEEOFERNO BB, EFIER
WEF M ZE Y, ML EH® S, 107(133),
17-20, 2007

Shibata, Y., Matsubara, T., Hara, T., Fujita, H., Endo, T.,
Iwase, T.: Improvement of automated detection for
architectural distortion on mammograms, IEICE Tech-
nical Report, 109 (64), 65-68, 2009

Nemoto, M., Honmura, S., Shimizu, A., Furukawa, D.,
Kobatake, H., Nawano, S.: A pilot study of architec-
tural distortion detection in mammograms based on
characteristics of line shadows, International Journal of
Computer Assisted Radiology and Surgery, 4(1), 27-
36, 2009

Tourassi, G.D., Delong, D.M., Floyd Jr., C.E.: A study
on the computerized fractal analysis of architectural
distortion in screening mammograms, Physics in medi-
cine and biology, 51 (5), 1299-1312, 2006

Guo, Q., Shao, J., Ruiz, V.: Investigation of support
vector machine for the detection of architectural dis-
tortion in mammographic images, Journal of Physics :
Conference Series, 15, 88-94, 2005

Kawamura, T., Takada, T., Yamamoto, K., Nakayama,
R., Watanabe, R., Takeda, K. : Computer-aided diagno-
sis scheme for detection of architectural distortion on
mammograms using multiresolution analysis, Proc of
21nd International Congress and Exhibition : Comput-
er Assisted Radiology and Surgery (CARS), Vol. 3,
418-419, 2008

Tourassi, G., Eltonsy, N., Inamura, K., Doi, K., Vannier,
M.W., Elmaghraby, A., Lemke, H.U., Eds. Farman,
A.G.: Investigating performance of a morphology-
based CAD scheme in detecting architectural distor-
tion in screening mammograms, Proc of 20th Interna-
tional Congress and Exhibition : Computer Assisted
Radiology and Surgery (CARS), 336-338, 2006
Sampat, M.P, Whitman, G., Markey, M.K., Bovik, A.
C.: Evidence based detection of spiculated masses
and architectural distortions, Proc of SPIE, Vol. 5747,



30)

31)

32)

33)

34)

35)

36)

37)

38)

Lo X g oS OFL

26-37, 2005

Sampat, M.P,, Bovik, A.C., Whitman, G.J., Markey,
M.K. : A model-based framework for the detection of
spiculated masses on mammography, Medical Physics,
35, 2110-2123, 2008

Ayres, EJ., Rangayvan, R.M. : Characterization of ar-
chitectural distortion in mammograms, IEEE Engi-
neering in Medicine and Biology Magazine, 24 (1), 59-
67, 2005

Rangayyan, R.M., Ayres, EJ. : Gabor filters and phase
portraits for the detection of architectural distortion in
mammograms, Medical and Biological Engineering and
Computing, 44 (10), 883-894, 2006

Ayres, EJ., Rangayyan, R.M. : Reduction of false posi-
tives in the detection of architectural distortion in
mammograms by using a geometrically constrained
phase portrait model, International Journal of Comput-
er Assisted Radiology and Surgery, 1(6), 361-369,
2007

Banik, S., Rangayyan, R.M., Desautels, J.E.L. : Detec-
tion of architectural distortion in prior mammograms of
interval-cancer cases with neural networks, Proc of
Annual International Conference of the IEEE Engi-
neering in Medicine and Biology, 6667-6670, 2009
Rangayyan, R.M., Banik, S., Desautels, J.E.L.: Com-
puter-aided detection of architectural distortion in pri-
or mammograms of interval cancer, Journal of Digital
Imaging, 23(5), 611-631, 2010

Banik, S. Rangayyan, R.M., Desautels J.E.L. : Detec-
tion of architectural distortion in prior mammograms
using fractal analysis and angular spread of power, Proc
of SPIE, Vol. 7624, 8, 2010

Rangayyan, R.M., Banik, S., Desautels, J.E.L. : Detec-
tion of architectural distortion in prior mammograms of
interval cancer using Laws’ texture energy measures,
Proc of 24th International Congress and Exhibition :
Computer Assisted Radiology and Surgery (CARS),
Vol. 5, 200-201, 2010

Banik, S., Rangayyan, R.M., Desautels, J.E.L. : Detec-
tion of architectural distortion in prior mammograms,

B Y AT L OREIZOWT

39)

40)

41)

42)
43)

44)

45)

46)

47)

77—

IEEE Transactions on Medical Imaging, 30(2), 279-
294, 2011

Banik, S., Rangayyan, R.M., Desautels, J.E.L. : Rényi
entropy of angular spread for detection of architectural
distortion in prior mammograms, Proc of 2011 IEEE
International Workshop on Medical Measurements and
Applications (MeMeA), 609-612, 2011

Rangayyan, R.M., Banik, S., Desautels, J.E.L. : Detec-
tion of architectural distortion in prior mammograms
using measures of angular dispersion, Proc of IEEE In-
ternational Symposium on Medical Measurements and
Applications (MeMeA), 1-4, 2012

Rangayyan, R.M., Chakraborty, ]J., Banik, S., Mukho-
padhyay, S., Desautels, J.E. : Detection of architectural
distortion using coherence in relation to the expected
orientation of breast tissue, Proc of IEEE International
Symposium on Computer-Based Medical Systems
(CBMS), 1-4, 2012

FENE . AR LNy v, HEE, 1978

Handa, T., Zhang, X., Homma, N., Ishibashi, T., Kawa-
sumi, Y., Abe, M., Sugita, N., Yoshizawa, M. : DoG-
Based Detection of Architectural Distortion in Mam-
mographic Images for Computer-Aided Detection,
Proc of SICE Annual Conference, 762-767, 2012
FHEE : 2E X BB WO 720 DR
DIRE R B L 7228tz ic B 2 kg, Rk
REFRFBE AW FERHME LA, 2013
ARERERE, EHIGE, AEEE, NS, EHE
FUBE ISR Y A 7 4, SLE TSR ZE R J5 i,
FLEMGREMIE 71 7 A B X OFLE mH§mR 2
WM7ars nzitsgklL/zar o — g 5sa iy g
ZeRCER AR, HERE, 2013-115007, 2013

Heath, M., Bowyer, K., Kopans, D., Moore, R., Kegel-
meyer, P.: The Digital Database for Screening Mam-
mography, Proc of the 5th International Workshop on
Digital Mammography, 212-218, 2000

Tourassi, G.D., Floyd Jr. C.E. : Performance evaluation
of an information-theoretic CAD scheme for the detec-
tion of mammographic architectural distortion, Proc of
SPIE, Vol. 5370, 59-66, 2004



