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Correspondence between two different views of X-ray mammograms
using simulation of breast deformation

YAsuyo Kita,t RALPH HIGHNAMt and MICHAEL BRADY't

In this paper, we develop a method to find correspondences between a Cranio-Caudal (CC)
and a Medio-Lateral Oblique (MLO) X-ray image of the same breast. Matching between such
pairs of images is considered essential by radiologists for more reliable diagnosis of early breast
cancer. The two images are taken while the breast is compressed between the cassette and
plate of the X-ray machine, but, almost always, to a different extent in each direction. The
deformations of the breast caused by the different compressions in the different directions
causes corresponding points to appear far from the straight “epipolar lines” familiar from
binocular stereo vision. The method developed in this paper calculates the line in a MLO im-
age corresponding to a point in the CC image through simulation of the deformation and the
projection of a 3D line(curve) corresponding to the point. Experiments using actual images
show that the method gives good predictions which can be used to find exact correspondences

between points in the two images.
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Fig. 1 X-ray system for breast: (a) Cranio-Caudal, (b) Medio-Lateral Oblique, (c)
Medio-Lateral mammogram and (d) schema of X-ray source movements.[1]
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Fig. 3 Schematic breast compression.(one cross-section
for CC-compression)
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(a) CC image (b) MLO image (c)
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Fig. 4 3D reconstruction of the breast
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Fig. 7 Simulation of Novak’s experiments[8]
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Fig. 8 Example 1 of correspondence: the white line is our

(b) MLO image

estimated epipolar; the thin and grey line is the
projection of the line before simulation of the MLO-

compression.
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Fig. 9 3D corresponding curve of the example in Fig.
8: thin and thick lines are the corresponding
lines before and after the simulation of the MLO-

compression respectively.
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®1 EUOMEDS TR E TORMEER (BAIE 512 x 720 H
BIZBTBE IV (0.3mm x 0.3mm))
Table 1 Minimum distance between the correct position
and the resultant “epipolar line” (measured in
pixel(0.3mm X 0.3mm) in 512 X 720 images)

No. Ours R 1 R 2

1 2.4 11.0 31.0 No. Qurs R 1 R 2
2 247 | 22.0 | 22.4 21 16.0 31.0 | 18.8
3 38.2 | 35.0 | 24.1 22 29.1 27.0 | 76.9
4 29.7 | 100 | 8.5 23 3.2 50 | 7.3
5 36.8 | 95.0 | 5.5 24 20.7 | 43.0 | 4.5
6 1.9 | 47.0 | 27.8 25 8.3 93.0 | 22.7
7 54 | 50| 6.6 26 24.4 9.0 | 10.6
8 87.9 | 99.0 | 99.6 27 1.6 10.0 | 24.5
9 58.6 | 81.0 | 46.0 28 18.4 | 21.0 | 20.0
10 285 | 32.0 | 2.9 29 11.6 35.0 | 71.9
11 114 | 1.0 | 284 30 18.2 7.0 | 248
12 1.9 | 4.0 1.7 31 6.3 10.0 | 24
13 25.1 1.0 | 1.5 32 32.7 | 53.0 | 51.1
14 24.9 | 41.0 | 57.6 33 1.0 61.0 | 26.9
15 8.8 | 9.0 | 21.1 34 33.7 34.0 | 38.3
16 48 | 11.0 | 2.9 35 42.8 | 102.0 | 40.4
17 6.9 | 9.0 | 54.9 36 56.9 | 117.0 | 18.5
18 15.6 | 88.0 | 41.6 37 45.2 | 142.0 | 36.9
19 0.2 | 50 | 190 |[ Ave. | 21.6 [ 39.1 [ 294 |
20 16.5 | 41.0 | 16.9

Si de vi ew

Unconpr essed breast

K10 K8 nfloREHEMNE (KEWER).
Fig. 10 Estimation of the 3D position of the abnormality

(Large black dot) in the example in Fig. 8

No.17) 277, RBEFEOBRIIK 8L FAkIZRL, &
ffi 1 (R1:Radiologist 1) OFERIZMAR T, ERI2 (R2)
ORRIIERTTT. SFOD, EBHil, 20AHX
MEGZWEE ThZN 20, 5FETH5.

BERT 11&, CC HEifg LR E A E 0KV H#EE
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(a) CC image
11 EBER2: BB PEH SIS 2R, BRe
FRN TN ThBEREL & 20 TPRIERT.

Fig. 11 Example 2 of correspondence: the white curve is

(b) MLO image

our estimated epipolar; the thin and grey line is
the projection of the line before simulation of the
MLO-compression; the dashed and dotted lines are
the corresponding estimates by Radiologists 1 and
2 respectively.

AW, MLO BE&HOHLED S Fh & [F U N 72 #H
RIS EEHYT. ohid, ARLREZEETH
ASEMPZINOEHTEIUR-FRIZEL L, BE
B REEREIZ H BRI E VDT, FEEIC X o T
RN RELBET 270, Bl OFBRIZRFLIFEFIZK
ERINEAEL TWVS (No.5,18,25).

R 21, FRkIC CC ik b0 BB & I DKF
HEEEEHV A, MLO BELOAE»SZN EFUE
HEMEN 7, FLE VRIS RERV . &I MLO
EG EOAEEFOBERARE —HEIE TS, 1ZLA
ORI, AHO LI TRY (AEBH, 33/37),
DT BT, MBBRPZO LD IHEHLLERASH
57, EBHi 232 DTF—XT, RuFHlEELTH
5. LHL, #£112H1F5No.1,15,19,20 D & 3 12 BH
PEMOTHIZH 255G, ThHFKEL RS, BT,
CC HED 5 OEITIZ & W RERITEWERIZ EAEITE
TR D BH, ZD3XITMEIIZEX > TE, MLO
FEBEIZED EAENSEDLS LI IIBH TS, O
HIZEo>T, MIDEIIZKRERTNEELBLZEN
H5,

R1IOBRBIITRT IO, BEFEOFTHEL 21.6
BT, YIal—YarBIIEBHRLIENBELLDE
HOHVENEERT 5L, PRVBVERTHS. E
BiS D 39.1 B, 29.4HEFEELENRTH, MLO EHET
OMEREERT D ITEBRNICENEFETHE L
HbHsb, MLO EHED A AT AEINHREIZIZHNT,
HOEEZE->TEY, COENANTLNLED>ERL
WEMITFENE, &5, BEMoOTHEDARERED
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&, ZRofITHEHLLSIZ, —H, FRXSHELZ
SISHAZARR EhNIE, FEOZVEFERETOZD
SKIMENREOND L THS. 2HEBRIZBNBA
BN S SN TV RVWIFEER D 3 KoTiiiE & EEH
IR 5 DIRIERICEL <, MEOFNERTH S,
FlZE, M11oFITiX, CCHEf%kE MLO B,
HEROIE v = 72(mm) FEHEFEICEET D, EE
ROBEEfEEzEZE®T L, EERLOELRE LTI,
(82.6,14.9,54.8)(mm) IZfZET 5 L REL N5,

4. £ & O

AT, HEHTHRNERTEIHEDATLF
SISHEIZ BT, NROERES IaLb—rard5
LK “ORATIER— T 2 EHT 5 HEE
REL, R0 5HEE, BEINiALBO XHE
M DORISATF OBz BN T, EEEICERNRALITEER D
BRETNERLT.. KBAORENRAMOD, £<
DFEMNERBE R EIN DD, BEOWIEREREEZREL
FEBMZ &Y, B RARLIEIRRVERBESATH
5. ZOfERIE, BEioHicd, FERICLISE
B RAT LDRDIZH, HEHOWMGEE R DT 57H0D
BREMERETHEHNT, FEEIEHTH 5.

FRREBRERMELT, ERETFINVEHELBEOD 7
O, —HEHFHNISH EICHGEFNRE SR, B
ENTVARVEFERREOREEFTOEENTAS. C
DIIEHEREIT Z DEDIEET & 5 ERBREUEE (biopsy)
EELDIZEFICERSERTH S, ZOTHOKEE
FARB 72D, A MRI EfEHy, BEBLOER
O 3RTMELBAL, REFENSHEHINIFERE
DB EZHRD TS, F—IIMIIHL TXRGE
MRIEGOHENBRE SN TE Y, LBOEELRD
Fl—QRFERBAHTOER THRHEEN TV 5H &R D
TBDIFEL <, 72, BEBIHDRV, Z0HEE
PITABBBETEZVE, HOREMb Y & U THank
ENBohZEITH S,

RIS EHE NS A5 &, BEFRIFBIIGT 501
BrHET LT TRL, ERCARICED L S BER
NEETVLONEEMMNA A—V T3 LETHEHAT
H5B, FlAX, XBEGLEIZHS KRS TOHEBRD
B FTMIZER > T False Possitive & 72 5 Composite
mass DFEARBNBEERTZERENTES. —D0
MM, REFETE, LBXBREREL OO DER
ZHENTRTHZEINTLBERTY I 2L —Yvar®
ToTW3H, BEIZIX, TR OSRIEPEZHA
DEMOARBILLIZ LY ZOREH SN TORL T
ENFNIZES, BEFETRERTHNEL TS
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