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Mammography (Part 3)—its fundamental studies and the significance of the
microcalcifications of breast carcinoma—
by
Masayoshi Akisada
Department of Radiology, Fuculty of Medicine, University of Tokyo
(Director: Prof. Tadashi Miyakawa)

Hiroyuki Watanabe and Junichi Ikuse

Toshiba, Tamagawa Fac.

A series of fundamental studies for optimal marmographic technique (1-7) and for roentgenographic
characteristics of intramammarry califications of the breast carcinoma (8-9) were carried out.

1. The half value layer (H.V.L.) measurements were plotted in Fig. 1 using two different tubes,
one with glass window and other with beryllium (Be.) window, at 25, 30 and 40 kVp.

The H.V.L. at 25 kVp was 5.3 mm with glass window tube and 1.0 mm with Be window tube, on
the other hand, at 50 kVp using conventional X-ray apparatus with no external filter, H.V.L. was 17 mm
thick acrylite. To produce the same film density, the skin dose with glass reqired tube weighed about
ten times more than reqired skin dose with Be. window tube and the quality of radiation became almost
same when acrylite was 30 mm in thickness under the exposure factors of 30 kVp. F.F.D. 40 em.(Fig. 2, 3).
From the above results, at the present time, Be. window tube seems to offer no substantial advantage
over glass window tube for clinical mammography.

2. Depth dose curves at 30 kVp with Be. window tube showed the H.V.L. of various absorbers,
as follows, 1.0 mm thick water, 1.1 mm acrylite, 4.8 mm ethyl alcohol and 5.8 mm in olive oil. (Fig.4)
4) (Photograph 2).

3. When the depth and the diameter of the holes of the acrylic Burger’s phantom filled with water,
ethyl alcohol and olive oil respectively, were varied in fine steps from 0.5 to 7.5 mm, the numbers of these
perceptible liquid columns became gradually decreased as kVp was increased (Photograph 1, Fig. 5)

At the same kVp, the minimum size of the ethyl alcohol column was usually smaller than the minimum.
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the size of water [column both in thickness and in diameter and the difference of the perceptible
minimum between size water and alcohol column became larger as kVp was increased. (Fig. 6)

4. As for the thickness in mm. (d) of acrylic phantom, the kVp (V) required to produce a given
film density (S=0.90) can be obtained by the following equations which were determined. experimentally,

V2.41=42.9 d in 300 mAs

V2.20=25.4 d in 225 mAs

and

V2.28=39.7 d in 100 mAs

In 225 mAs, each centimeter of firm breast thickness requires an increase of 2 kVp. (Fig. 7.
Fig. 8).

5. In the same way, the mAs (mAs) can be predicted from (d) experimentally

d?.82=47.8 mAs at 20 kVp

dh%=2.18 mAs at 30 kVp

d-#=8.9 mAs at 40 kVp

do-#=3.3 mAs at 60 kVp

and

d®91=4.7 mAs at 80 kVp

Thus, at 30 kVp each centimeter in firm breast thickness requires an increase of 35-precent mAs

(Fig. 7. Fig. 9).

6. The relationship between scatter ratio and kVp indicated that the former was increased as the
latter was increased within the range of 20 to 40 kVp.

For example, at 20 kVp, at 30 kVp and at 40 kVp, the ratio of forward scatter to total exit dose
emitted by acrylite of 30 mm thick was 16%,, 209, and 25%, respectively. (Fig. 11)

7. The surface dose and exit dose were shown in Table 1. In traversing 5 cm of acrylite on single
exposure, the ratio between skin dose and exit dose was 80:1 under 28 kVp, 150 mA, 1.5 sec. and 34:1
under 30 kVp, 150 mA, 2.0 sec.

For the same soft radiography in the pelvic region as the surface dose was under 7 mR, the gonad

dose was neglegible owing to its soft quality.

For chest radiography using conventional X-ray apparatus, the skin dose in the pelvic region was
2.9 mR under the following exposure factors, 57 kVp, F.F.D. 180 c¢m, and 3.0 mAs. (Table 1).

8. By observing mammograms of about 1,200 patients, the frequence of calcifications in the tumor
shadows of 115 breast carcinomas was 39.7% and this number was significantly higher than benign
diseases; that is, 13.59, in 530 mastopathies, 4.9%, in 203 fibroadenomas, and 8.79, in 211 other benign
diseases including normal groups.

At the same time, almost all of the cancerous calcifications were fine, punctate in nature. The fre-
quence of calcifications out side the tumor areas of carcinomas was 6.9% and this number was not

higher than benign diseases, that is, 5.39%, in mastopathies, 5.99% in fibroadenomas and 7.3%, in other

benign diseases including normal groups.
The frequence of calcifications relatively few in number and large in size was 6.5%, in carcinomas and

this number was not significantly higher than benign diseases, that is, 3.99 in mastopathies, 1.0%, in
g Y g g 3 70 P 0
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fibroadenomas and other benign diseases including normal groups. (Table. 2)

Radiographs were made of paraffin tissue blocks representing 17 breast carcinomas, 24 mastopathies,
17 fibroadenomas and 13 other benign diseases.

The incidence of fine, punctate calicifications was 82.0%, in breast carcinomas.

This number was significantly higher than benign diseases, that is, 41.5%, in mastopathies, 35.49,
in fibroadenomas and 30.0% in benign diseases.

There was no calicificationin any metastatic involvement of lymph nodes of breast carcinomas. (Table.
3) The freqquence of microcalcifications of the malignant tumors, that is, of 5-esophagus, 7 stomach,
5-rectum, 5-pancrea, 2-liver, 5-lung, 4-uterus and 2-leucemia, was 28.6%, on an average and this number
was not higher than the 22.99, of the tissues out side of the tissues of the above same tumor groups. On the
other hand, microcalicifications were observed in only 15.1% of the metastasized lymph nodes. (Table. 4)

The roentgenographic patterns of microcalcifications of paraffin tissue blocks were demonstrated.

(Photograph. 3,4), The chemical analysis showed the calcerous depasits wers composed of calcium salts,

17 microcalcifications of paraffin tissue blocks were measured microscopically ranging from 0.12
mm to 3.18mm in size. (Table. 5, Photograph. 5, Fig. 12)
Microcalcifications less than 0.5 mm in size became imperceptible as the breast was increased in

size and kVp was increased. when the paraffin tissue blocks was embedded in acrylite. (Fig. 13)

Therefore, the breast should be compressed flatly and be radiographied with lower kVp technique in

order to demonstrate the microcalcifications more clearly.

Numbers of 20 calcifications percpetible paraffin tissue blocks were decreased linearly on the diagram

relating acrylic thickness to the logarithm of numbers of percpetible calcifications as the thickness of

acrylite was increased. (Fig. 14)

Contrary to the above, a slightly larger calcifications were well visualized even in the dense breast in

80 kVp radiography.
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Water column in Burger's phantom
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Densitometry of breast tumors

Fig. 10
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B 3~50fH% L p—& L. ML pOE
RO ZIEARBH BN 2 5. kVp LmAs
EDBIFIE Y = " ICA Tk Bgan (Fz4) ik h
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LERRE 1. 0122 2R fTo T 5.
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—HEERERR O B IS ORI T REBRAT
BIEOBEN" LRI b0BRHB (32, 5)
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HEIDTTHBIPEZEOHERIT 7V 74 M2
WTTh VAR S TED 7% bR EE
HOEE LTI & 2 2HFICOWTOEAE
NEZz2HOTH5.

4 (32 3) 12 X MZIR B O XA BL
B 102482 1 BREL mAs g EAR10em Tl K V
O 5. 6FRICHHBIT B & R -PEDEORDS
WAEOBREHEAELIC X BEEMRIEEEED
T7V74 V2L 2EROFERL DL TTED
V¢ Memorial hospital 558 (F£2) 12 & hiX
Ei1mnRfizo% 1KVp2 B LT3,
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EEBHEX 2R B0 X VESEE,
FiEF1zH L Tix30kVp, FhbShx28kVp &
D, WSRRBMEE LT mAs ZilEANE
T3ZETLTW5.

b)

HA—BLEZB5ETET7Y 74 Rl
t mAs rOBIE kVp 27 A—-F— L7z
BEERo S ARRERE (L5) wkhidl
CIEFHIIZ & hmAs 225%BHNT Wi v EXRD.
LEOFERT BROFEM T35%M LTz nEIxfE
B A ET 7Y 74 Y OLOEBCHEN
T % L#EZLBN%B, Memorial hospital 55 Tix
600mAs T—5E LT3 Egan 35T Tlxd
2R ETAHRER L LRIEF T mAs 28Nl
Twi b,

a) RU b)

e BT B CHGSERR O YA kVp, mAs, FEEE

BEDHA L THMAEETHZ LWLV —ET 4
NABLERE Y S LT 5 L & 3SR L EE
ThB., "R TREHETETLENETO
mAs, kVp, F.F.D. @BfZE v T 3.
BRSO R A s b _FECFESAFM OB & Rk
X5 & L7z Melot (32 6) i3ERDEE, Mo
EPrERIRRERE kS OB & b EEFER MO
EENPEBINE L LRDD—EZOEEES
ZENHEEEE OREmEE T 3.
BT E 2 2 b) B L URE R
W T ZERIEMBIAR (space charge effect) O
720 o P L7z mAs RPEEHZWZIERBHD
BEROLFBIZFREZOEEET BUNERD
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1) EBFE

7 4 N 2B (I ) SR (la +1,)
T2 HELZAZ D TRHROMEER ¥ 17
7z,

i & Chamber [[{fESE 130cm, Chamber |
40emX40emD T 7 Y F 4+ % 5 mmds B 30mm3E O Ff
ROBEACERIHEOMFEEL () 2248
SHHARE (I +1a) 2305E L7-.

—% (Is) &3 HviEgEHEE (la) O
T 7Y 74 FREERCE T I ELAN S
6 cmDAr{EIZ 3 & Chamber o [EAHHA REEE
S5emiz 7z AR/ 4 mEEO/NNFLO BT E X 1o
HRETZ7VF4 YO RCEBET 7 )54 VO
A EEoOBICE (b LT,

Z DEBITB W TORIFBE AR OBS i
BRI H L.

CIS +Is)—[d _ Is

T4 LRI EL R

Ia +1g B id +1 (%)
AFEEIX20, 30K 40kVp Iz DWW THEE L 7=,
2) ERER

I,

o 1 (%) ¥%20~40kVp D¥k XASFIRIC
RTEFBED LHIzoN ER L. (K11)
gL 77054 r30mm, 20kVp T16%, 40kVp

T25% EHML, SMEARADT 7 U F L4+ Tix20

1
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> 30um.
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Scattering Ratio = ( [Idvis-ld/ldda)x 100 %

8

20 KVp.~ 4O kVp.
Ty Soft X-ray unit

409

kVp ¢ 6 %, 40kVp T 9 %izHifnL, 30kVp, 30
m7 774 r0EEZ0%TTATAS,

3) E#:

B FEELEXER T 4 U 2 CEEEEN Y & L
THHIEINZDEEIY P FA O ETF % 3k
T TEAT 4 N xF G LENIZRE (i
@ microcalcification % FH L 3L #
B0 OBEAOERITETH S,

BUELAR O JIE 0 ARSI O\ T ia g
FAORRXE, BR7 » v+ — 2, 5 Fkss
2OV T D= B2 D8 NS RRORES 248 C
—% L TwZ\w. Conventional X-ray, [5F4RER
DEE XT) (38) (9) (310) ¥l
EWMXAFFRITA BRI FHEROBE 3 S L
W,

Seemann (3£11) 2 X 11X bioplastic synthetic
resin (BRESHEERSMIIE & L T D) &35kVp,
2mmAL 7 4 V7 —TRIRRHGE R & 0 E T
S EE Wilsey @RI L 37 4 VAT OB
BLAROBIT HER AR 8T 2 b 3 1325~45kVp 12
BRTRBED FHZ & U0C resin DL B2
DNFEHOFER L FAMRAIEREPE T3,

ZOlEE L A ZHEA (7T a2y TR
FEETEEZERTO) 2WOI B0
T Liz3, DPERZEELTHES T3,
Bl = " EEF B Dspot flm (3212)%02)Seidel
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E X-ray fube
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Kk (Gr13) SnJidkz v 211230k Vp, 30mm
BEAT 7Y 74t O5RHI20%2 K s 7 EGELR
PSRBT Y » FEMATERADEILNT
w3 (F12)

BEVIE WEHRE

1) =EBRAX

20cm X 20emD L AS0m 7 7 Y T 4 b A E
MfEskd0emc EE L7 5&7 7 Y 74 YEERY
BT O OFA, b REmRE KU STHIRE
PRz, TESER28kVD, 150mA, 1.58,
F.F.D, 40cmixr4ELlfGEo 4 ¥ o, 30kVp, 150
mA, 2.0, F.F.D 40emix, ZE4E50 HERIR
EVWHABED <" OFMFEERAEL T 3.

WA BT BEYE R OE TS ORIE LR
—ILE _LignimEgEssem, FLEOEL50mn (77 Y
7 4 ¥ ofUH), AE FH—IrEERmidiEgkzsc
L{RE L, 28kVp, 150mA, 1.5FPIR4R: DS
FHE L7,

Mot o B ERRE & 57kVp, £
chamber [§{fE8E 180cm, 30mA, 0. 18 TH[E L
Z M#4E1: E-18-001 R06-008 ¢ Conventional
X-ray F} chamber #{fH L7-.

2) =EBRER

GE 1) wRTHchENED “ < " 0RPE
2R T o 1 EgHREOZFET k1 4.7R/ 1.5
F, HFHEEER1360mR [ 1,580 % Yexit dose ratio
Y0 Th 5.

Table. 1 Patient Dosage (phantom experiment)

28KkVp.  40cm. 150mA. | 47 Rfssec
Skin Dose 30kVp  40cm. 150mA. | 65 Rjg..

20kVp.  40cm. 150mA. | 60 ™5 e,
Exit Dose 30kVp.  40cm. (50mA. | 190 ™B50sec.
Skin Dose on 28kVp (35+5+25) e 38em,

150 mA. em | T ™Bissec.

Pelvic region Zdem.
Chest radiograph: "
skin Dose om | S7kVp 180cm.  30mA. | 29 7%,
pelvic region

BEED " < " BEEHTCEE T A R 6.5R/
2.0%, TH HIFHER & 190mR/ 2. 0F) T exit
dose ratio |31/, CH 5.

AR CHOEVES TO 1 [BIES i 50mm 7

HAREZHSREGHR HE Hi45

79 74 PEBFEEAEEREE (3545 +
25) em= (65cm) Tk 7TmR/ 1.5FCH B, HL
SEEED < " CiaMelcofE 7 % » 7 OHDERE,
BB BN L Th 2b1) RSBzl
3. X iERE o BRSoXTRE 2.9mR/

0. Izl L =" OBa 7 OidRoicERE
BRICB T 2R TRA LA L TET AT
LEbh3.

3 E#

Egan (3r4) 2 Xhid AEREFEMAE 131
EEFco & ETHRE AR T 2.0~ 5.2rads, fif
FHEERE T 2.4~ 6.5rads, &R LT 5.4~
10, Orads % ZE\~ Stanton (12) X 3~7R, £
3¢ Sherman (7£14) M10RDLE, Wolfe (3
15) 12 ¥ hiE Egan B © LT & U AEFRIER
TR A3, 19rads FUr3. Odrads, SSHRRRE 150
mR KU 175mR, Th Y, HHLEE 2 mkS
Vg7 5.

Rz US4t ¢ o> By B &% fit 1% Egan
(#z 4) ® 6 mR, Gonad dose (/L (FL16)
D7.95£19. 7mrem, 3\~ 120. 02~ 3.0mR (3

17), & 1mRBUF (12) ThH5 LR

K E LT < O R EA L
199, HSRE 2R ) ORIRE 130 BB
& TH %2 Gonad dose 12BI L TIZMEICY 51
IXEB F .

EVIIE FEORKEIERICEALT

A) "2V IC&BAKILEDRE

FAFN384E 1 Han b 5 H 35 3K ¥ KX0-8 Hil,
(H5 1mmx 1mm, 25—35kVp, 150mA, 0.2~
2.07 4 V¥ =L L, $8R7 4 V& [ B2 HE 40
em, T2FRI7 4 A4 Fuji 10000 1% Sakura RR,
Melco $& % » 7, ETRGRSIMUTTR, 25T
WEEED 3 Ligo ' = LofdEuxi2
SOAC g, (F18)

0B =" FRREHOFRLER LS
1059 A0 FR TR KA EREARE (fine punct-
ate calcification) b i &k A3 H (gross bizarre
calcification) V24345 U B V00 PRIAE D3 EEEA D,
JES & ERROEML T Bz o ¥4 L.

g (F2) w3 SRS DHHE
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Table 2 Frequencies of microcalcifications by mammography (%)

dise patients with fine punctate l gross bizarre
Lo calcifications calcifications calcifications
| in the
39.7% = 33.29% -+ 6.5%
Carcinoma 115 pts. J tuntmr i
e ofl  6.9% 3.5% 3.4%
in the p i
13.5% 9.6% 3.9%
Mastopathy 530 pts. daiely
' out side of p
i furgor 53% 30% 1!.3‘%
""" in the .
Fibroadenoma tumor 4.9% 3.9% 1.0%
203 pts. =
Mg oll  5.99 3.0% 2.9%
h i in th
Ot:;isee;g:n!;]lgl‘npts. " t:lﬂ:(}r’ 8.7% 3.9% 4.8%
(includiog normal -
groups) ou:uf::: of 7.3% 2.4% 4.9% |

GILDE, MRRERRE, ZofboBREEBC kLA
BITERIT, MHFHA SIEERCED LS.
AT R D82. 6% XTI T H 5. TR
RTOBEELHME RS, Hofo kg
R TAS RN OB 23 880 LT 5.

JE5 & SRR A DA RILAE BRI M R = &
EO KB BICERANAD S

B) ABEB DS T4 T 09 ERDRER
L DR

VOERE D d UEA R o0 2 WEBE
KN LS 7 s v 7o, 7% PR ="
HAPEE 2 A TTROLE CRY L.
23~25kVp, 150mA, 0.5~ 0.6%, F.F.D.
50cm, TEffSakura7 4 )L 2 % BT A EE
EEZ I 2 FRERY R — A ERR R IR
WES e RO BE VML L. F—Ep o
Table 3 Frequencies of microcalcifications cone-

erned with paraffin tissue blocks by soft
radiography:breast lesions. (27)

diseases ‘ percentages |
Carcinoma 17 pts. |I 82.09 |
Mastopathy 24 pts. | 41.5% I
| - I
|
Fibroadenoma 17 pts. i 35.4%
|
[ Other benign diseases |
I 13 pts. | won !

TOBEEREDZHBETO 1 r cHEETH IS
HFE L7, BLzoERZIDD <" OREH &
T NTHE — DRERTILX 72\,

Z ORI (E3) R TR IE 17 AS82. 0
%\ FLBE, MRMERREE, HofhoBHRBRC L
LIHGMICERTH 2. F 0o Bk B3 Epi-
theliosis in terminal duct of lobule, accessory
breast, mastitis necroticans, intradermal cyst’
gynecomastia, lactation breast, blood infiltration
Th3.

BT 7 4 v 70y 7 DRz DT DR MER
EFHEE91 Y Fi50. 5%, FLERTE28 Y 125, 7%, #ik
HERRIES4 7 123, 5%, Hoihoy Bk #8304 th26
5% TAEWT B BEEMERE TR A\ B KR Y #E
WCERTH B,

REFEDOIEE Y v <o TR oA E 8
BRI Ty o5 BB 1HVE D b i
V.

FH(3) @BA774v7u,7280535
#i (Ca.) RUSLIRE (MP), WAL, S
IE, JeofimiE (bloody infiltration) OiEH
RUFEB DT — v R L. BILIEMTRTY
HEHREAZ S O»bHMRE OB 1 D 1 3
5. "= LORKLE T — VZBNEE L
(#19).

C) FLIRMEHELISN O EMEH D /ST 470
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L.

Ca.

Gyneco-
mastia

Fibro-
adenoma

rr

1

Bloody
infiltr.

52 3 Roentgenographical patterns of
calcerous deposits concerned with
paraffin tissue blocks by soft radio-
grapey:breast lesions.

v VERORGLEOEE (F4).

AW5 A, BTA EESA HESA, FF2
A, W5 A, FE 4N OFRFEIRE2 A0
35 N\ D BRI 8.8 0 BEEFES35 7 B U RIS A
354, 715 UNCIEREY v o33 A, 4271220 T

OISR B E128. 6%, IEMEE;E22.9% K
VIERE Y v <33 AH15.1% (BREY » 48%4e
rihi11.9%) TR Y v SO MK ¢ RS

BRUFEBELHIc A2 RBOL. TR (4)

VIHRETE S O R B O IR S ES, e Uf B o> FENE

BEROBRWAEF Y — v ERLT.
D) AIKLiEHHEOILEHIAH

A2 s oE SR 2648 W45

Table 4 Frequencies of microcalcifications conc-
rned with paraffin tissue blocks by soft
radiography (%)
malignant tumors of various organs except

breast

primary |[isisue out sijmetastasized
__organs tumor de of tumor |lymph nodes
esophagus| 20.09(5) 0.0%(5) 0.09%(5)
“stomach | 14.3 (7)| 12.5 ( 8) | 16.7 ( 6)
Trectum | 20.0 ( 5) | 33.3( 3) | 33.3 ( 3)
“pancreas | 0.0 (5)| 0.0(5)| 0.0(5)
Tiver 00 (2| 50.0(2)| 0.0(2)
lung | 80.0 ( 5) | 40.0 (5) | 40.0 ( 5)
uterus | 50.0 ( 4) | 40.0 ( 5) | 20.0 ( 5)
Teucemia | 50.0 ( 2) | 50.0 (2) | 0.0 (2)
average | 28.6 (35) | 22.9 (35) | 15.1 (33)

* parenthesis indicates the number of patients

Lung
A Cancer
[ ]

Rectal

Cancer

Rectum

No malignant
part

Leucemia

No malignant
part

%3 4 Roentgenographical patterns of calcerous
deposits concerned with paraffin tissue blocks
by soft radiography:malignant tumors of var-

ious organs except breast

RAIRILEER AN YT 2L TH DEN Y
P T B D FETFRALEF TN Y7 2B

SRR
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ThHBIE PR L. BHEMX G L RIRES
REBOEADLNBHED RS 7 4 v 7 v, 788K
PINBERGE X o — A, DOWTT LI — AR
ANTT7 4 vEUF Y a— )\ 20 8AN 5B
KRTAa—LEFIHEE LAY + T4
F4 XL 10,000 ppm @EDTAW* N 7 [
T 420my SR AR AT A vy abE YT
HHZ LR L.

E) RIKEEOHIIRR

1) ZEBHE

microcalcification DUERUBRSL & 2 2350k © ¥
K, TR, BODOBRAEIOBRELTNB 1T
Tav7us7O2EELHUT 7 ) — VDR
AEMLTTEZTORERA 2 k7=,
BRERHFGEVICRIML 574 v F v,
777974 o kiciibe=84, Fiziwr
$%.&%Uk%vr749fﬁnﬁ$uﬁAL
72H&, 77974 OFES20, 40, 60mmiz,
KVix20, 30, 40%Vp 122 2 8V I 158B 7=
2y JLD7 4 V2 BALFED. 91~0. 947F450. 93 (Sm)
I BRI L. MEAOMKIBERAT 7Y 5 4
oLk, AU TFIZHoTY a, DT 4 LA

413

BYbEIC 28 ;{d AL w2 B3P L0 ©
LT oRifas LEL3 H0F5fl ¢ L o7,

BEAA
astasized to axillary nods 603, #ADFEryoi
A 3. 8mm,

advanced m-=2dullary carcinoma met-

4B adenocarcinoma 907, ALy m
Sprcinen A .
X % - H
T 4
a, 5
x ity
6 —
N T—
| .
AN
9 ]
1
spetzen B,
___ﬂ__._—___J 10
H!,__‘ - lT
14

Fig. 12

Table 5 Sizes of calcifications in paraffin tissue blocks A&B

calcification cacl}(]:-ioﬁ'.::[;t?ofn s |Ordinate in m.m.‘Abscissa in mm. S:;;E;iniiters [ﬁ;‘?s'
No. 1 R | 0.14 0.12 0.017
2 ” ‘ 0.21 0.22 0.046
3 # 0.16 0.14 0.023
4 # 0.20 0.13 0.026
5 ” 0.29 0.21 0.061
6 a, 0.35 0. 46 0.16
7 ” 0.34 0. 44 0.15
8 ” [ 0.50 0.25 0.13
9 o | 0.31 0.21 0.65
10 b, 0.36 0.34 0.12
11 " 0.16 0.53 0.085
12 ” 0.14 0.23 0.032
13 ” 0.44 0.35 0.15
14 ” 0.17 0.48 0.082
15 “ 0.21 0.14 0.029
16 ” 0.20 0.17 0.034
17 b, 3.18 2.12 6. 74
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Specimen A

Specimen B

Minute, punctate calcifications concer-

HH 5
ned with paraffin block specimeus by soft
radiography breast cancers.

JE A4 4, 7mm,
Bk AB oA (F7V742HEAMEWV) O

BRE SRR LR W26E B4y
Bk X5 o> microcalcification % B (12) . F
(5), % (5) DM aja.,b; KUNo.17D 1 7 D
L@ by BT 45 LED—EHO 1T W,
ORISR TP 55-B B CHAsd % ffir KB
(om} ZHI%E L7z,

Bl a, BEAED TEMTED 5 & (No.1~
5) K& I LFHHEIL, a Bk 2, BRICLLMEKE
WD W BBy # WA/, T D4 (No.
6~9) ML

by BE kb E-ELREERR o b o TR0
KRLEZ0. 1T L FREE A 5. RIKEZT OB
DHFEOKREXIF~ T 2@, ORBIEZELSL
h3. ARTHED I 283207 THHEDT
(No.10~No.16) 2> & =& L, by 1297 U 7kH A:
AR C apag,b, BERFSEICET 4 minute,
pumctate, uncountable calcification #f{E4 2
OV LR EIICE DL W 2 F7 38 gross
bizarre calcification #fUFET 2 LEIbLN 5%,

The minimm sizes of microcalcifications that escape viaibility

51 0,93

peban,
caleifications orly

psbea within
20 m= thick
agrylite

«Desgwithin
wm thiek
acrylite

pebegowithin

sorflite ™ |

kVp

¥p

Xip kVp

g

oize

20 | 30

20

30 | 40 30| 40| 20| 30| 40

6oTh= 3. Bx2, 12|
0,652 0.31x0.21]
0.16= 0.35¢0u48| + «
0.15= 0.44,0.35(b I
0,15 = 0,34, 0u44
0.13= 0.50,0.25]~
0,12 = 0.36,0.34|b I
0,085 0,16,0.53| - ~
0.082 = 0.17,0.48| - -
0,061 =0,29,0.21
0,045 = 0.2I.0.22| .. .

b2
a2

a2

-

I
a I

0,034 =0.20,0.I7

20
7

0.032 =0.14,0.23 | -« ~
0,029 50,210, T4 | v «
0.026= 0.20x0,13
0,023= 0.I60. 14 | - ~

4%

W r g RN YR

0,077 = 0. Lix0. 12

* pobes. ; paraffin block specimens
B4 ;a

ible eal di

a 3 rot discernible

Fig. 13
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IR B ORIIRRIE Y « 7 7 2 7 v THE
sz BT (BRR) 5 ENHRE 2472 O FEEE
el

2) ERER

aj,ay,by,by BHEE O FIRILAEE O KRE X L5
L7zNo. 1~17T0177iz22% kVp, 77 V5 4 }
BA & 2ER L HE0MHIRR PR (13) 12
Y. RI2ERIEOEFIGHEROBMOKE WIH
R0 THS. EEOLORFIEMEE LT
77U %4 120mm T No.12 (0.23mmx0. 14mm) 3
20kVp TERZED BT, 40mmE %4 Tk No. 2
(0.21x0.220m) 2%, 60mmE 2 Tl 40kVp 2B\
Tix No. 11 (0.16mmx0.53mm) 235D 5w,
No. 10 (0.36mmx0.34mm) DI oKk E X125 &
77974 y60mI T T _EROBEICGEBR
WINCEDENS. EIb No.10 DUF oFgEd Tk
MARKIGEET 7074 »0FEL, kKVp o EH
WX OIS izl (x5,

WEAMADOHEIEDOE ML = " PRI
WOMASEZATIWTHSS.

RESFHRELRT 7 28L by BOEADA
DEX AR TED b N AIRILEREC0 BT 7
Y74 rOELLEEZZERE LRCEIILY %
EFGXR (14) 1R U,

Humbersof Calcifications
Discerniblain by group

S 0.93
Paramater, X-ray tube Voltage

N

. 40 KVP
20 40 i)

Aerylic thickness in mm,

Vz?/

L

Humbers of Caleifications

Fig. 14
L7779 74 yoRELBRTIoh, Ho
kVp# EHT BI1C>hFIRRAMET 32 2 & 28
bhb,
D EDOKENSL 77954 t60mm, 30kVp @
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L ¥ GBEENE, MR, BAEO'<"0%
I ) @ microcalcification (3§ 0.5mmlL T
DHEZ <" En DRI N B AREERH B
ZEBbiB.

F. EVIIE 0B

o " D/ PRI DEIEHIT Tk Leborg-
ne (%20) DUFOERENRDH V15T (3218) &
VR

BRI MR D R 7 7 RS O BT RRAS r o>
ARBIBRIEZ DRSS 2 R T 5 R Hdly
EOBESERD B, HMMBREERNLDELTT N

I =Y A0 ERE-bh GLl12) FEELVIRGT
Vi ADEBRPFORRFORE X0HEBE T
Fk L7 Do = " CHBREPMN RN
RicRREh, T MBSO BEES X2 v b e
— VLR { HolRfE ) v i ERTH B
ZEERD B 2k EEENILEEE oM
BIRH % 2 & > Brh T oBERIZ4SEOWMIe T 4%
FEET 5.

Do“=" LEDsT7 4 v7as7 EoRA
Kk oBENZEE (HA—Y% v 710 E sk
23 B BRI & ARG X 70
Th5.

A G X hEEAKRmEHD <Y 2
VABENBDAT 4 220 TOBE LHHEE
DOBFIX15kVp 240kVp Dl EE TR R» 0 kD
vt 7R RUBRHEEE T L4skVp & 120
kVp ot 2FZD Tav., HRoZ ki
Bb AT 4 RERIKEEANZ & BB
K75, BRCENVED Burger K7 v v } — &
EET YR CIERBERB MR X A 3.
I TR T 7Y T 4 Y OB TEEEEI
VB HAERR 0 B 5 348D TR T H B 720 microc-
alcification@§BIFRSF I 0.5mm % /NI W) DER
ABsThsd.

S = CHER A R IR 2 D BT
BN —_EMEATE 2L DS {MBHEBE AR
v P Z4 PCRBZER I (F22)

BEHZZOER LT3 Melco K% » 71k
AL D AR I GATEE REEO T B ) M2 A IR
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U ERBYV . Z0HNLd “ < "HHOD
Taldahl o FOREREINS,
BIXE 2F2BELTOER

BRETRARR O X AR IXE, PR soft radiography
& Salomon (323) OYRERIAIIZOWT O &
R, Révész (Z24) O PLRE S U B T AEAS O s LI
JaE & LTHEL (325) PR (3L4) (%28) 1T
DT OFER L,

FLE X FE, 0.5~ 2.5CmELAL 0 BT A,
JERAERSE DI % k% O FAEMEL S U IR 7 o A I
(superficial and deep layer of superficial fascia,
anterior and posterior breast capsule), = »Ff
[ & DR TR T AR 2 5k 2 {kiEr: D> Cooper [
R, WA, AR, BRAERLA Rk 2K, Bhg
REC <" BEDHFLEDHITIEB I N T 508
BHRERR & bRk S h T 3.

Zuppinger (F26) M HF[HLRE " = " TBlE
T B OB RIRE L 30k VD 2B TR
BF 1.135~1.37/8, /82, 5748, Myg2. 6145, FLis

(EBA) 1,932, jE2. 6748, fEaH#E2. 3748 (i
BUMCEBFEICB W TIE2.6748) HEEEEBC
TRTUREH & 22 B & s B v« OB
BEOES . 5 3cEL O 2 F A 7-Frantzell
(F25) DHERI EhE, 30, 40K U80kVPTD
W OR VA o BILEZX & £ 20.82,
0.65%100.35CH 5.

Z ORRCHEBRRRI A BIREIO S0 558
FRIWHTKTH 3.

— IR (327) & LT JRERR T Kk
(7.4, J&UF 1.000) plexiglass, ( 6.5, &t 1.2
00) (F12), 77934+ (HEL 19, CHgO,)
Z, Rty -7 (5.8, KU 0.9
15) &, A3y aiE (16.6, HUP 3.000) Tk
TAI=%a (13.0%0 2.700) (FEMPNEE R
EHRTFRE LU LE) AT 3 8EH30R
T 7V 74 (CHO,, KHE1.19) fi§ B
FERCE U — T AR L ¥ AEEEERT
BRI % R 2EBICR T F OB X 2 NE LT
BHAITT N 3 =7 ABH B N5 723 microca-
Icification #75¥ 2 FJEERO T 7 1 v T a »
7EEERE A, BERO L3 T7YT4 b

BRSO R 3R 268 4B

¥R & U A g DR o A
GEENBIRAAFEERRETHZLI2h 5,

Y DBHFROEIET OV THRE T B 0ER
H5. HHDEBEDTAARENTY 21— 5
v & L LTEER 23D e L B, DfEGiIES
ST 21D TERAOBERT7 4 V2 20H LK
Al e UCHIERR A L., DL Eosgs e 2E
FTAZEWEI DIV IYTRY, BSEE: VIR
TRERRLBEE CBIE, i, ROk
&, MRT 1 VoS, 7 4 2O
LTRER L HiER D 5.

Egan (7 4) k Gershon-Cohen (3£28) ¢ M
4L THRIF L VEEE (22~28kVp), F.F.D.
DEM (30~404 v F) THEAMIEIT 4 N2 Z#
AL, 1800mAs o kigft 21T 2Dz I L,
Ja#1225~30kVp, 184 v 9, non-screen #7 4
AT 100~ 350mAs THES LT\ 3,

Zofz 0.5m7 N 3 7 4 N7 —CREREE P
Wb Ldmdar b 72 METWENT, Fie
FIAZETH B E§ % Memorial hospital J 5
BB E 5 06104 Lz (322), 7o
— N, L@EJ% Breast immersion technique
(3229) (F14) Wz, XY —7 2 TR
REET 2 H BB P MR L7z (3230) B
DEZ28O7 4 2 BERLEY, B—7 4 0
LD 7 N 3 HifF % 5 { Double Film Technique

R ERGE U R BRI ¢ B R, 1K
KW (331) spot radiography (L 12)BEET7 4
VA DBRFERASROTIERED bh T3,

Sherman (3z14) 2 X hiE, 26~30kVp, T3
FAMELTZ 4 0V 2 H Q556 1 RIS B2 gk
AREZI0R DL Evz 2 DB 3 B RNUNETH b
RAZAR » + HOMOREHRIRE 2 18N hiZ50R
DEieZz2z L3085k, YRz LE
b IR ORED THWEEICRTHBRED
BT Y IR YRPRBENET 2MEL T3
& D DBERRIE % X D E ¥ BB HEIC
DBV IDENE iz BHIEOENBRD
DOBEHELZZ LBECAELDLBLES.

HHRYREDMLE ¥ D IEBERC Ll LTk b
R 2 L S FLEROFEH SRR H U RS
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RBELERBAOBEBY HB LIRS 2 13

BY, EBIINRHLHLT 570K ¥ AR

BRENGE CHLE # R LA T % 2 FRERE A 5 0

VIRRIRY O AT B2 30 2 BRI LT 3.
BXE & ¥

BXARGEEC X D ROBR 287, g,

D 77 2BES Be. BERXMOT7 V5
A+ O X405V R Tz 6mm & ¢ 1. 20m
ThY, 25kVp 1R 5.3mE Y 1.0m ¢
3,

77924 b OFEZ30mY Iz TS SRR
KU Be. BIZk 3 E02ERIAD b A &
3. fA30m7 7 Y 3 4 VBERE OGS0 E
PELVREORERRA L Be. BTy 5 2 Bo#
1065 DA # NI LT 5.

B =" TP EROEE 238 3embl k¢
BHBNDT Be. WERLEAT B LEIH DL
N\,

2) Be BWEER30kVp OF VYV — 7, =xF—
NTNI—=N, T7VT4EUARDEEBIIE
A 5.8mm, 4.8mm, 1.1mm, J5UF 1.0mmTCH 5.

3D TZ7VZ741@ Burger K7 7 v b} —AD

B&2) BHBRAE—EECEL Y — 7, =
F—=NTNra—N, KOEETF LTHFL. BE
DEFITEOTT N 2 — NV B KOS IRRF IS
T LD 2E 2 Kiz k> TFL.

4) 225mAs, 7 ; U 2 BYLEED. 9012 72 BIESER
HFTIX7 7Y 54+ OEAH d(mm) k458 kVp
& DEFE kVpR2o=254d TH 3.
1577974 EA0mO ¥ 3K T 2kVp 0E
EE By g v,

5) 30kVp, 7 i v &BYLE0. 901z 7 BIRHSE
fFCR7 7954 + @EHd(mm) & mAs kDR
fRix, d'-%=2,18mAs T} 3.

B0 S JE 4 10muiz > ¥ mAs 1X35%85RT h
e,

6) BIFEGEAROBITHRII T 2 Hdi320
~40kVp SR TEEED LRI onRn 1 3.

EI530kVp, JER30mT7 7 Y54 Dk E20%
W2,

T HRENED " <" &SR, HH
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HEAE U B (exit dose ratio) 1% 1 [EIEE ©
&R 4TR, 60mRTYUYeTH V), EEZOLM
DEPEIXEZ, 6.5R, 190mR, KUk Yy, TH 3.

AMIEEBCOXRERAI ToR L TFTTh h 2
Gonad dose R LSS,

8) =tk BHSMOFEIKILEX39.7% 12 ]
Ul FUBREL MR .00 % NIz 1 LA R o
b T D82. 6% 3 MR FiIKIL &, (fine panct.
memkmmmm)ﬁﬁé_ﬂﬁ?4yjnwyﬁ
X X B F RIS E I T1282. 0
%Th DD REEBIIZIEL, Hox, Apbst
ORPEER O EREI LT EFCE R ¢ 5
D, BB ¥ 8o T ORSYER K-,

WERKEAEDICER S I AN Y « — 2T H
27,

9 0.5mBlF OBREL A KA L ELE DL
REERIT o0 =" TR@AD LA RE e
ERDY ZordicdBrEaL, k WEEET
BT B EREE Ly,

AWML OBERT 3 20 B AREFHE Y S (B0,
% ITBHAEF B REANEE S, ROE=En 5o
ML R RS - TREL 2,

Wi R 2122 0 R, B 2 R )| IE e,
B SR & O B D % 1 25 B > T B v 7
0 5 T TP S T T B A A B e s
CrESEMALc B onr BELE .
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