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A Study of Image Processing Condition of Mammography Using
FCR (Fuji Computed Radiography)

Mihoko Nakata
Department of Radiology, Kyoto Prefectual University of Medicine
(Director: Prof. Kouichi Murakami)

Research Code No. : 208.1
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Image processing condition

Image processing conditions of mammography using FCR (Fuji Computed Radiography) te detect
mass shadow, marginal finding and microcalcification of breast cancer were examined.

The subjects of the examination for mass shadow and marginal finding were 25 cases out of 55
breast cancers operated from December 1986 to August 1988. Three surgeons and two radiologists
evaluated processing conditions. The optimum conditions of spatial frequency enhancement were
RN(1 or 3) RT(P) RE(1.0) for mass shadow and RN(7) RT(P) RE(2.0) for marginal finding under routine

gradational enhancement condition.

ROC curves obtained from the phantom with a granule of aluminum were used to optimize image
processing condition for microcalcification. It was shown that GT(M)GA(1.0)GC(0.6)RN(9)RT(F)
RE(4.0) gave the best detectability among five image processing conditions.
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II. Fuji Computed Radiography
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resolution) & I M T\ 5, BERHL/4TH 5,
EEFEDO L — - —aDAHEy Y1 LT
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Fig. 1 A basic block diagram of the computed
radiography process.
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Fig. 2 Parameters of gradational enhancement.
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Table 1 Relation between RN and peak spatial frequency.
RN 0 1 2 3 4 5 6 7 8 9
fsrgagﬁglgcy 0.09 0.13 0.18 0.25 0.35 0.50 0.71 1.00 1.41 2.00
(cycle/mm)
> ; ; Bl DB T G LA A BB D % 0 [ %
\ 5 b I EARMTE R A CRERER M b
. < | ; F i (Fig. 3). ZRRIBE BN D &k ged
. M: ‘ BEBICEOTRE =2 ¥+ 5 A+ RIEET 5 BN
= o ourf X E wEERELTEEHS 2 (RN), MifEEED
3 PN j BsE BET 5 BEK A 4 7 RT), BEHGH
i 94 ; : BERE)D3EDAT A -2 VPEIRD,
‘o Vi 5 i RN (X025 9 % TT, &40 ¥ RE
$ / 5/ ; Table 1 O b T»%. RT X S EETH 52, i
% e ; ¥ PR, SERBmER M O3 F 2L
3 ; - 7= (Fig. 4,
T o 1. ERoRE

5 HE Tazs

Input Image Signal

Fig. 3 Gamma curves of GT A, G and M.
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Fig. 4 Beta curves of RT P and F.
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Table 2
(a) Relation between tumor shadow,marginal finding
and age.
Age
FCR ~_ -4 a1- Total
Tumor Marginal
shadow  finding
clear clear 3 23 26
clear unclear 3 13 16
unclear  unclear 5 8 13
Total 11 44 55

(b) Relation between tumor shadow, marginal finding
and histological type.

Histological
WP Papillo  Scirrhous  Solid
FCR ~._ -tubular -tubular  Total

Tumor Marginal carcinoma carcinoma carcinoma

shadow ing
clear clear 15 8 3 26
clear unclear 10 3 3 16
unclear  unclear B 2 3 13
Total 33 13 9 55

(¢) Relation between tumor shadow, marginal finding
and tumor size.

Tumor size

- (mm)
- -20 21-50 51-  Total
Tumor Marginal
shadow  finding
clear clear 10 14 2 26
clear unclear 5 11 0 16
unclear  unclear 5 8 0 13
Total 20 33 2 55

AL EFicidaeits &0 LinWiER GIEE
AEBR)IX166TH D, Table 2 1w, HIEHEM
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7z(Table 2(a)), FIMEMH & EEEY, EEOL
B& CIREENMLO 2 i PR/ S T
By 7c(Table 2(b)), RO KX X LEEY, B
EoOABEEOR P IR AR0mm LU
TITEBILRTH - 72 (Table 2(c)). BHE OE{E ML
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Table 3 Relation between tumor shadow, mar-
ginal finding and microcalcification.

—

%:rocal_ciﬁ
~Zcation
_‘F_C_R [ + — Total
Tumor Marginal
shadow  finding
clear clear 7 19 26
clear unclear 6 10 16
unclear  unclear 7 6 13
Total 20 35 55

B M A AL 2 5RO b b e fE B0 355610 H 2041
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[ D& TR RN D32961(53%), #
HMAKALO A TRERAEDbR IO 76 (13%) T,
W& L hEbhicd o136 (24%) T, W&
TR TS 06 41 (11%) TH - 7,

IV, &z >\ T OESNEEGEDRS

1. &R

BERE R STV BEMRAD 5 b, T
DA T D266 1661, WEELEEH 2 b D
16614 9 41, FT25BIEERIAF, MIJFmE O EERD
S5Hbrlh X EE Y IR WABREHEOE
Bz o\W TR L e, EEF O AR Table 4 127w
Tl CEAES R HEE R L,

2. BEtH&E

[ERY R OB ONEERNL Y ZPTWAEE
HiZ oW TR L, AEBEEOBELHER,

(1) BERAEOFE A Dic < T 5 b piEh
WHOERO AxHV, BRELEIZGT (A) GA
(1.0 GC (0.6) »E*ETRN#*1, 3, 4, 5,
6, 7, 8, 9, RE¥1.0¥723.0L (L X8 T
[EREY B OB O URIEH2eT W2 Bt L
7=,

(2) 955 AR G & Ay, BEHEAEE GT
(G) GA (1.2) GC (0.6) o F %-T (1) DEAWHK
WEOMEE A BE I RN 2L XeHaf Uiz,

(3) (1) oREHEE A TEAZ L eHidhic



458

FCR iz & % ZLE S & 0 LB 54D R

Table 4 25 cases of breast cancer.

Case Age Marginal finding  Tumor size(mm) Histopathological type
1 64 clear 27X 14 %30 scirrhous carcinoma
2 50 clear 10x15%14 scirrhous carcinoma
3 57 clear about 30 papillotubular carcinoma
4 44 clear 3Ex25% 7 solid-tubular carcinoma
5 55 unclear 22X16%18 papillotubular carcinoma
6 80 clear 25X23%16 papillotubular carcinoma
7 44 clear 25x21 %24 papillotubular carcinoma
8 a7 clear 18x16x13 papillotubular carcinoma
9 29 unclear 35X 4025 solid-tubular carcinoma
10 55 clear 13X11x18 papillotubular carcinoma
11 36 unclear 40%25% 7 solid-tubular carcinoma
12 48 clear 24 % 18X 16 scirrhous carcinoma
13 42 unclear 28X 25X 17 solid-tubular carcinoma
14 45 unclear 23X19%23 scirrhous carcinoma
15 51 clear 18188 papillotubular carcinoma
16 55 clear 30xX25%25 papillotubular carcinoma
17 59 unclear 15x 15X 15 papillotubular carcinoma
18 49 unclear 18 15X 9 papillotubular carcinoma
19 61 clear 17x13x12 solid-tubular carcinoma
20 67 clear 25X17x 16 papillotubular carcinoma
21 40 unclear about 35 scirrhous carcinoma
22 72 clear 10x10%6 papillotubular carcinorna
23 53 clear 35X30x25 papillotubular carcinorna
24 55 unclear 15X 10X 10 papillotubular carcinorna
25 53 clear 9x10%10 scirrhous carcinoma

RN, RE %\ CREHRE M 0@ %k, Th
EQ), @ TEIENRICABRVGEA~DOHEED S
HTHR DAL T VAR OERIC oW TR L
7.

I8 L8 A B TR FE B 9 Bl L

@ EEFoowT, (D 26 (3) TRIEXhL
FREBNE LY, ERMEOBEBTGAZELT
BT L7,

(5) B OTLE Bz oWT, (1) 25 (3) TF
1¥hi- RN, RIS OE# C© RE 245 2 THRES
L,

R R X ARER164E LA B CHBEP O BHE 3
%, BB FEL LOWHRFE2HEEL 5 A
IhfThbhi, (D @) @ G) ofEiELE
HOMBEHOBEICITL, BB -5, POE
haed, BEIRL3, 5D 2, £55
1 CHALR, ik, BEERABLE FTEEZ I
bhbivX L,

3. BR
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(1) P&FEMFE A io\~T RN5, RE3.00 {5
I LAEAT OS540 R 27 OEHEEY
Fig. 5 wwnd, BREZCOWTEIRN 215 X h/h
BB A=272EL, REH1.0X h3.000%
SNBER 27 HEM oI, WEBEBOEE, RiE
U DEEFIOEICZL A B hisd o 1z (Fig. 5(a)),
B oLEEI> T, RNMS I hAkE vk
5NAaTHED oD, RN 8L ETITRE
A THo-%, REZ1I.0XH3.001@583227
M LMCE T, WEROBE, TEEHOE
fFloicEir s bRhizh o (Fig. 5(0b)).

(2) (D ofFBR X HREFEHE G izowWTIL RN
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REL.00Efg A FHEE I Lic A 2 7 DHHE Y Fig.
612~ T. A DBE L RAROERID Y, EEK
ST RN, 302 = 7538 < (Fig. 6(a)), fE
BoOOGBRIZOWTIERNTD A =2 7HAE M- T
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(a) Tumor shadow 0 marginal findirg:clear(16 cases)
25 0 margiral findirg:unclear(9 cases)
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(b) Marginal finding 0 marginal finding:clear{16 cases)
25 8 marginal finding:unclear(9 cases)
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Fig. 5 Cumulative score of five observers in 25 cases on condition that GT is A

and that RN and RE are changed.
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(a) Tumor shadow

0 marginal firding:clear(16 cases)
0 marginal finding:unclear(9 cases)
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00 0 00000 0000D00D  #e0 0000 [ ]
0 L} 0000 [ ]
10
5
.
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(b) Marginal finding 0 marginal finding:clear(16 cases)
0 marginal finding:unclear(9 cases)
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Fig. 6 Cumulative score of five observers in 25 cases on condition that GT is G

and that RN and RE are changed.

(5) EREDOLFIz>T GT (G), GA (1.2),
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HEERSEE 5549% H45



FHERT

Table 5 Frequency of each GT chosen by five
observers in 25 cases.

(a) Tumor shadow

Marginal
&1 finding clear(16 cases) unclear(9 cases) Total
A 6 6 12
G 49 26 75
M 12 7 19
Equivalence 19 11 30
Total 86 50 136

(b) Marginal finding

Marginal
Gdeing clear(16 cases) unclear(9 cases) Total

A 2 2 4
G 50 30 80
M 29 13 42
Equivalence 3 4 7
Total 84 49 133
25
[]
100 ]
20 (X "
e []
" [ ]
15 *
"
10
5
REl 2.0 3.0

Fig. 7 Cumulative score of five observers in 9
cases on condition that RE is changed.

noma T 5, BEEIEDLIBL, WEEIT
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X (b)) s MWEREELAE D= v b 52
PR L T\ B,

Case 25 (Fig. 9 : 53i%, A{IFLAR AC Eisc

FHICE 4 A258

(63)

461
| ¢ ll
; \

a

- i .":T
d =
|

L

b

Fig. 8 Case 5: Mass shadow
(a) Original image (RN 5). (b) Spatial frequency
enhancement changing RN from 5 to 1.
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Fig. 9 Case 25: Marginal finding
(a) Original image (RN 5). (b) Spatial frequency
enhancement changing RN from 5 to 7.

BEHADZ T ALRAC X 5 c@BResfX
AV —-FTHAEEISMmMIC S L 5T L
7o, A, B L EROBECKE X 51
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MBEBEFITBEOEME2E D GT(A)GAQ.0)
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GA (1.2) GC (0.6) RN (5) RT (P) RE (1.0)
DAtz GT (M) GA (1.0) GC (0.6) RN (5) RT
(F) RE (3.0), GT (G) GA (1.2) GC (0.6) RN
(9 RT (P) RE (2.0), GT (M) GA (1.0) GC
(0.6) EN (9 RT (F) RE (4.0) o 5 &HETH

(64)
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Fig. 10 Pooling ROC curves by eight observers for
the detectability of microcalcification.
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FA—+ v h A7 v CHREERIHRLT, B
R 1 #2000 LI & L, BE g - THE
Fiz, F5 X 2 L EEEL v, 20080 7 4
NEARHD IO BINKAETEELRED 13
ERTTH D, KIEEIR2008H80f & E Tk b
BEXPREBELTHE IS D1 40MH 5 L 3
Lz,

3. #R

Fig. 10 A &4+ JIH BB i %t 3 2 ROC #
WErd. AEONEEME 2 EoRHEEIIIE R
BEAELBRT, MOBES RN 50RIEYE
KHARBERWEDTHS, RNEX L6 IS
2k, GTHGOBEIV I MOBEDITS
DEEHEED ERIKE L, SEED S bR bR
BEDE A - T,

b

Fig. 11 Case 19: Microcalcification
(a) GT(G)GA(1.2)GC(0.6)RN(BRT(P)RE(.0).
(b)Y GT(M)GA(1.00GC(0.6)RN(9)RT(F)RE
(4.0).
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Case 19(Fig. 11) :© 615%, 77 C fEEICHE
#3 517%X13X12mm ® solid-tubular car-
cinoma TH 5, BEAIMBAILE D 5,
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AR ACT <, BRI VEHATHS,
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exposing, recording, visual detection, recogni-
tion ICHE IR T Y, ThbAEREL CEER
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Fig. 13 Contrast transfer function (CTF) of FCR on condition that RN is

changed.
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