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Technical Problems on Low-voltage Radiography of the Breast
by

Takeshi Yamazaki, Tatsumi Hamada, Takashi Miura
Department of Radiology, Osaka University Research Institute for Microbial Diseases
(Director:  Assist. Prof. T. Miura)

Aiming at the standardization of mammography technique for the Japanese, an experimental study
was conducted concerning soft tissue radiography. As a result, the following conclusions were obtained.
l)a. Within the range of 5-20 KeV, p (cm™!) of muscle, blood and water, decrease in the order
mentioned.
b.  Within 12--17 KeV, ;. of acrylite is about 1094 larger than the average g value of (muscle,
blood & water) group and fat.
c. The measured g values in the present research coincide approximately with the measured value
of Dr. Jacobson and Knauer?® but is smaller than the calculated value of Dr. Spiers.+?

2)a. Within 12-17 KeV, x-ray absorption by cassette’s {ront, film itself and, particularly, front screen
is considerable.

b. Development of the single screen and single emulsion technique is advisable.
c. Between 30-100 cm FFD, deviation from the inverse square law is 5-209,.

3)a. With screen (Kyokko BS, abbreviated below as “+BS”), the gradient at the low-density part
of the characteristic curve (average gradient at D=0.5, 1.0 is abbreviated as GrD}J) increases even
of industrial x-ray film (Sakura type R, RR equivalent to Kodak M, AA).

b. By+BS (1/2 BS=Single BS is made by placing either BS front or back behind the film), the
speed of R, RR may be increased.

c. In case of 4-BS, when the speed of the films combined is slower, the intensifying factor is smaller.

d. In case of +1/2 BS, the speed is not much different as compared with +BS, but the v value
decreases while GrD{} becomes somehow smaller.

e. GrDYj is in the order of R(RR)+BS>Y-+BS>R(RR) No screen™>Y No-sc (Y==Sakura
new Y type, ordinary medical x-ray film).

f. The difference of GrD{j between R, RR, Y is smaller than that of 7 value with No-sc,
and difference of v value between R, RR, Y, also becomes smaller by +BS.

4)a. In case of No-sc, the relative speed between R, RR, Y may be constant within 12-20 KeV.

b. The speed of No-sc film increases linearly against the energy (KeV) within 12-20 KeV.
c. In case of +BS (3 mm Bakelite Cassette), the speed is nearly constant within 12-17 KeV.,
5)a. With the equipment of glas-window tube no filter used, x-ray energy (KeV) was experimentally

given by
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KeV=0.15 kVp+11.
b. Within 12-17KeV, KeV lowers little even if kVp is made to lower.
c. At low kilovoltage, kVp value does not tell much of the x-ray energy.
6)a. Within 12-17KeV, x-ray out-put from the glass tube no filter is approximately proportional to
(KeV)8.3, (kVp)!-7, correcting the space charge effect.
b. X-ray out-put and mAs are approximately in a linear relation.
¢. The inherent filtration of the glass tube is nearly equal with a Be-window tube 4 Al 0.8 mm

filter.
7)a. With a test chart, cosisting of Pt powder, razor and acrylite block, resolution was examined.

b. Resolution of R(RR) No-sc differs little with that of R(RR)--BS (1/2 BS), when geomeiry is
not good.

c. Except in the state of near contact, resolution is little different between R,RR, Y No-sc.

d. Combined with any of R, RR, Y +1/2 BS shows higher resolution than -+ BS.

e. Anyof R, RR, Y +BS (1/2 BS) may show higher resolution than with No-sc depending upon
geometry.

f.  When the same screen BS is used, the resolution is higher as the intensifying factor for the film
is smaller.

g. Good geometry is the most essential facter for the resolution of mammogram.

h. The stripes pattern (width approximately equal to Geometrical Unsharpness Ug) similar to
“*Spurious Resolution’ appears, in case of R(RR) No-sc. This phenomenon may be responsible for the
false diagnosis of fine structures in the breast.

8)a. Acrylite, 3-6 cm (average 4.5 cm) thick, may be a proper phantom. for the Japanese breast.

b. An edible ham lump is a simple phantom.

9)a. Somewhat lower energy of 12-16 KeV (HVL: 0.2-0.4 mm Al) may be required for the Japanese
breast.

b. The possible upper limit of KeV varies according to films and screen.

10)a. As for x-ray tube, Be tube may be used with 0.3-0.6 mm Al filter, or the inherent filter of glass
tube may be reduced to about 0.3-0.6 mm Al.

b. Added filter of glass tube has to be removed.

c. Development of small focus, large mA tube, specially designed for low-energy, is advisable.

11)a. For the still subject, 75, (Visus: 1.0, 25 cm) may be taken as the limit of resolution.

b.  With the present equipment available, 1 mm focus, FFD 90 cm, 300 mA (actual current) of
exposure data may be acceptable.

2)a. When this limit is set at 50,¢ in view of motion blur, screen BS (1/2 BS) should not be used
because of the screen unsharpness.

b. If the limit is set at 70, R(RR)+BS (1/2 BS) are acceptable in regard to resolution.

c. If 100 p is allowed as the limit, Y4 1/2 BS is also usable.

d. Screen technique (+BS, 4-1/2 BS) is advisable for general use or mass survey, but RR. No-sc

should be used for precision examination.

e. Type RR is the most practical film for mammography.

13) 2 Cases of mammograms with Y++BS were illustrated.
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Fig. (1) Attenuation of the low-energy x-ray

through soft tissues. Test piece; 0.5~-2.8 cm
thick. Narrow beam condition.
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Fig. (2) Attenuation of the low-energy x-ray
through cassette, film & front screen.
Test piece; contact to chamber.
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Fig. (3) Characteristic curves of the x-ray films
with or without screen for low-energy x-ray.

—— No-sc — e+ —e+— 4+BS

##%20 kVp. Focus Film Distance 60 cm.

FS 400 cm?.
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Fig. (4) Characteristic curves of the x-ray films

with single screen compared to double screen
for low-energy x-ray.
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Table (1) Relative speed, intensifying factor & gradient of the x-ray films with or without
screen for low-energy x-ray.
i 25kVp.  FFD 60 em. FS 400 cm?®.
Type of Film R RR | s Y
| No Screen (Fog+ 1.0) 1.0 25 | 5.1 5.2
. . |_*BS C ~» | 1.8 6.5 | 31, 41
E{Eﬁ::s‘;islf?gq’ -+, BS (Front)( ” ) 7.2 31.
—+1!/, BS (Back) ( ” b 5.9 24,
—+'/; BS (Average)( » ) 6.5 27,
BS Intensify. Fog + 1.0 1.8 2.4 7.5 9.1
Factor Every Density 1.7 2v3 7.6 11.4
No Screen 5.5 5.7 2.3 1.7
-+ BS 5.2 5.7 2.9 2.5
Gamma -+ '/, BS (Front) 4.3 17
F '/, BS (Back) 4.2 1.7
-+ '/, BS (Average) 4.3 | 1.7
No Screen 1.3 1.4 | 1.2 1.0
Average . . | + BS 1.9 20 | 14 1.4
(D= 0.5, 1.0)| + /, BS (Fron0) 15 | 1.2
GDs + Y/, BS (Back) 15 | 1.2
+ 1/, BS (Average) 1.5 1.2

— 67 —



458

B RERIEAE D Rtk i A 4855 L 7-. Time Scale,
[FIFEBLR, Phantom 7¢ L, JREERIE ik G
T ANA-82 T RUBRFEET (62 millESL) L HAE
S SRA-0501 B 32 9t T 2 e 8 % BF A L 7.
7 4 L ADEE, HMEKoFECHLT, 4.1~
15.6Ke VR co i o iziz & A EZEB T\,
W R, RR No-screen ¢@i5451112~20KeVET
PR O ZETHB. R, RR 0Bz,
D= 8.0 % C log E 1= LTigi¥ BT
b5,

b HIRHEEE, H{KE ¥ L UGradient : 3 (1)

Forh, MR ImMN—7 54 Fht e FiIeH
THECHS. BFo Mammogram o\ T
ExWET 5 &, BETSORE R 0.5~ 1.0
L00%L, oA TDOa VIR PRERS
HEYT, D= 0.5, 1.0 2 & T» Gradient ¢
EigfE (GrD:3) %R, #v={lHE frEtLiz.
RR Hgrkik BS % A (AT +BS LBgdE) 3
FUTREER L 2.4f% 1 = h, R No-screen (LT
No-sc LBEEE) © 6.5fFDREECTE 2, —ic
EREEE 7 4 L AT HIEER L€V, RR, B LA
Ae-¥E, FHEB SO 7 & v F oREILTHE B
S ERFERVD, o 23S PRBETESL. 7
4 A A DIICH) BT + BS 1 ko TIEBREE
@ Gradient pité-k 1, S(Y)4+BS o GrDyjix
R, RR Nosc oz X hd k&, Ziuk
Seemann & Lubberts!® {4+ A2 CH 5. +
BS oifiE% Nosc wh~% &, R, RR o 71f#
BAVESRM, S, Y ovEHkL, +BS T
1 Nosc X hd 7 s VAR LB VEDENDL,
RR, S J4HAE BS (Zrvh, Av22d) D
TEXHE BS X Y aie b & W, EIREERS
T No-sc IS CH 7 4 A1) % Gradient
DEFA. R, RR o GrDY} fiiy, viEER
h, +BS wioThZk hiHKkTS5. RR, S 4
HEEE, KFH BS o GrDYj fHix, 79 v
by 23y 7 EHTE BS X h &\,

C  HIXTREEE o 3 B

Wic12KeV 23i3% R Nosc o E® 1.0
& L-#3E o R, RR, 8, Y No-sc, + BS ¢ FHs%f ik

HREFHMRFRHRE H2TE B4

Fig. (5) Energy dependence of the film speed
with or without screen for low-energy x-ray.
Relative to R No-sc, 12 KeV.
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Fig. (6) Attenuation of the low-energy x-ray
through acrylite phantom.
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Table (2) Low-energy x-ray generated by the
diagnostic x-ray and surface therapy units.

Units & kvp | Filwer | HVL g;iﬁ) 24 efr)
D, 10kVp| — 0.02 5.2 2.38
D, 29kVp 0.3 0.17 12.0 1.03
Wik 15kVp, — 0.24 13.4 0.93
ik 20kVp| — 0.28 14.1 0.88
% 25kVp, — 0.33 14.8 0.84
Wik 30kVp| — 0.38 15.6 0. 80
Wik 35kVp, — 0. 45 16.5 0.75
D, 43.5kVp, 0.6 0. 46 16.7 0. 74
D, S50kVp 1.0 0.81 20.3 0. 61

Fig. (7) X-ray energy of the glass-window tube
no filter compared to the Be-window tube with
Al filter.
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Fig. (8) Energy shift of the incident x-ray within

acrylite phantom.
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D, offE (Rff) w2, LiolI/De oJ&E
OH & FFHEBERDS . @mAs EXHEHN
HEER S5 ILE O XHE T E mAs L oBIfR
X (DErRT. XREHFAORE? ot ko
THEBERL V&L F h 5. &7 AEFHRIERE
OEFE 1@ B0 5 XEHH : [ (10). XHH®
(kVp)rT, (KeV)es it Lic. FRHEDIC LS
& 25~60kVp i T (VP il LT
5. (M, (10) X b Be 4 Al 0.8k 7
ABIENES & M bAFAYEL, ALX
W IE 525 . Erhogdifis Space charge %
BaRL, 20kVp PITFCIRERE Lic BiEDY,

— 70 —
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Fig. (9) Low-energy x-ray out-put (R) of the LATFies .
glass-window tube no filter versus mAs. 5. WERNREE . MR T B 5 R
13£15--35kVp. FCD 60 cm. FS 400 cm?, . BBl ﬁﬁf&)}fi&] J (‘5 ggﬁ
Pk b oSSR (Nitka®% a5y, {277 (0

R | ~2 % v AR Y ADZEERPBEOL) ED,
? B TR VA Y AR IC X B APATE 25 — ARk
Fig. (11) Radiogram of the resolution test chart.
Original size.
4
= .Z :
2} 3 .
.'l |
/ Fig. (12) Optically enlarged radiogram of the
! test chart.
o

N ] 400 &0 800 mhs (a) R, Contact to film, No-sc, I),, FFD 120 c¢m.
(b) Y, Contact to film, No-sc, |[[i, FFD120cm.

li-------l
I|~r ! !ltq.{' "I

Fig. (10) Low-energy x-ray out-put of the glass-
window tube no filter compared to the Be-
window tube with Al filter, space charge effect R '

inserted. o) d"‘ ""aﬁ!‘:’;'-
—_— g [EEESPEPPRPPRPEN b ‘ns.b dr‘h

— +« — + — Space charge effect (300 mA Dial

- 5 :
Set) ; ! ; "’ Y., TN
FCD 60 cm. FS 400 cm®. : m-, .7.. " ..2 1. .

-.-’

R‘.-"!fi??rn&s mh : - ' » e h‘w‘ \n l-:.‘ "
400 P
Dz Da
|
. ro
10 A 300
! 3|
e fﬂf *.
- i i rl’f
A
5 ALl / 200
i ! i1
A
0 Lm 7 | 100

5 10 /5 20 Kev
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L, BECXEEELD, 71 4 A%k X UHERRHSY
FElmoWTHE S Twvwb . Mammography iz 33
WTh, TFEERG OB $ 5 Morgan, Siler
Kbom@CBREONS . gD V2K
12P7Ef Minute Punctate Calcification ( (.1 x
0.1, 0.12%0.14m®) ZH B\ Fibrillary
Retraction® pUERICEE SR, =Ry
MDD @GN ER IR TS, Eok
I XERBEOWINAE G M L 2RO, - jutik
M TIRE L WEETHS.

a FTAFFa—bEEREE

XBETEHCNOF ~ — P EELIRIMELL,
Siler! K513 1 ~ 4 &/m, ¥R - FHHEX
B/00.05mmM A VT uwa . UTFTi Pt #iiak
THI D, BohickhohEEEE3mn7 7)Y
74 FROFECHA L, MUo—fy - hick

Fig. (13) Optically enlarged radiogram of the

test chart.

(a) RR, Contact to cassette, +BS, (I3, FFD
120 em.

(b) RR, 3 cm from film, No-sc, L4, FFD
120 em.

HARE 2R SR W27 H48

RTEEEELLDDETA L F«— b & LT,

B (1) 2B, chxib kLT R5E, Ptogsx
IR 7~ 1004, £X10~ 3004, PH50% 150
MIRETH o, BN HNER T 25151
Pt %58 A 72, Pt o§56R% 2 Mammography ¢
METK 0100065 L BB, TAFF»—-F %
1130k Vp; 260mA, Dy 20mA, £ FEROEH L,

Geometry CHREZ L, BHhi-7 & L amblt
[z 1436 méHEilué«%u" fEb, ThaAr—iu
EELIAIRTRIZ Lic, B o 1 0.7~
1.8, ¥ 1.2, 0.5L T oWE T3t E h»%
BHHH, FRoRMETIREEA EENTLD1.

T EIEHRIE, AYER 3, T AR B4 Hi
Uiz, Tok FEtEl4 10~50f% o L — < T e
IERBIZE S Lic. BB ERAYHE TR0,

Fig. (14) Optically enlarged radiogram of the
test chart
(a) RR, 3 cm from film, No-sc, [l1§#, FFD 60
cm.
(b) 8,3 cm from film, No-sc, (L, FFD 60

cim.
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Fig. (15) Optically enlarged radiogram of the
test chart.

(a) RR, 3 cm from cassette, +BS, |13, FFD
60 cm.

(b) S,3 ecm from cassette, +BS, Lk, FFD
60 cm.

EMER b &b, Pt gpsRoXh ek b,
REDR (/o) VS % fehiRanm Ut Com)
o\ THEEE o B fEHIE R TTRE T B ol

b R

B (12) ~ (15) & 5l U Eifg o 35Tk s
?.E(w)m*h%mm%%i&wt%mf
ﬁ%mle=~_ (k=1~3 L Zhpnw,

KTk k=14, L) #Bb, flincixEZBsiy
TP Ugm #IEoT\ 5, X4
@» OFD cn X #£45 1w, FFD 90cm & Li- 8B4
(#Bih) o, Ug {HICHHIGT 585 4k—7 1+ v &
HEEEECH 5. @FIAEEED BRI o7 Ut fii
T, XHEORIMCETE XOBEAD 2 HHEoF
BETH5. K (16) #H5E, R, RR No=sc
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Fig. (16) Summarized data of the resolution ex-
periment.
Normalized to 1 mm focus, FFD 90 cm.

—— No-sc, R, RR, S5, Y

— +«—+— R, RR+BS (1/2 BS)
- S,Y+BS (1/2 BS)

il fER T B A, Geometry AL,
R, RR+BS (1/3BS) }-kz&ic< . Geomelry
omfcHn3, R & RR, &Y izt hEh
K#Edgwe. Ry RR, 8, Y &4, Kifi BS (i
BS X b BT, iR@E BS 0 v ziz7e
YEX e ch5. R RR Y filhg,
Geometry o fnf Ti3dlRHE BS A (A L1z i
No-se X bffih T\ 5. HIEHER DB A3,
WREE o KEW7 i v ABEy b REW. R
No-sc pEL417, %iﬂ:_;‘@b\ Geometry T i\ B
h Utz=zUg ¢thH-oT, =hix Mammography |
BT 5 Geometry o HEH: # 7"RT D&,
R, RR+BS (',BS) o € 4, Ug 244K
g, ey UtsUg tieh, S,Y+BS
(:BS) CTHLFEE THD. b L Ug {HxBXAH

— T
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Rz X B BriciEi s 5 0nBWESR 5E 231
$E 5 TebiE, Nosc DAL 0.2~ 0.3mmEE A,
HIREHE BS (A DAL 1.0~ 1.5mmfE & H%HY
ERDETRECIRS.

C BfRPHBE

ez 0FERT, EHK X5 BMREHERESE L
THBEBHREA RS hie, 3R, D, 24, R, RR
No-sc, Ug=0. 13m0, X4 o Kl ae e
ThEMA BER. K (14) 2E. corfux Us
WCHEEE Ly, +BS (YBS) 35 X0t S,Y No-sc
BE, MHIABR Aok, FLE ORI
BCOWTOTURNLZ D X 5 o2 {baZ [
L, WIEEEA & oM BEFME AT 5 LELDH
A5,

m = =
A  HAAZFLFo Phantom
B (1) kb, 12~16.5KeV i<, £, M

AREZBHRE S 218 H45

W, KO TEHEEEREL e & BEHF DIRTS FREL e &
DIEHELT 7V 54  OBWITREL #a X b Hips
T NEW (0BT @+ h) 25, KER U &
Hiug, 729 54 1L Premenopausal Breast
Phantom & L-Ca#i24 25, EX3kETik6cn
ERHNP, BHAEATIE 3 ~6cm CGEH 4.5cm) 3
R A5, fgifPhantom & T Polystyrenet®,
Polyethylenes® 2 H\~t X525, B (DhbH
B pnfE/N B TH 2374 vT RER s

5. fHERET A bz, ABEBo/E a8
PEFITH % .

B FEROEEMA : FE (3)

—f e E LT, T¥ER, vAZ ) —-v7
i e A%V, B LTREBER ORI Th
NTWAHN, FELABE th5 F, 20~-1800
mAs LR OA—BUIHE L, FERERED 0.5
~20R/exp. [Z3>7: 5. OFEOFFE Tz ¥

Table (3) Variation of the many reported mammography techniques.

| kVp ‘ mA [ FED L Film Type Screen| Focus mm | Window | g jexp.
28129} — T
Leb("lfgg;f) 20~30 503‘} Ag?na) 30~60 Non Screen | (—)
Seyss'® 20~30  [Mag-
(1957) 8B | 03~0.5| nify + 0.3
Ge”"("l‘;‘gf}‘;h@““’ 30 | 100~ 250 | 35 | Non Screen | (—) | 0.3 ( 0.8) | 0.5 Al® 0.5
2 a(’{g"go) 26~28 2907 260 5994/ Kodak M | (—) 2 (E’“fﬁ 2~ 6.5
M“?{‘&ggm 30~35 1~13 0 | 70 (=) | Small | Portable
Stanton*® 75 Kodak AA Glass 3~ 17
(1963)  (50~36 600 | 45 | LT M | () 1 (—) 8~19
|
HC"E?;;Z) 36~48 50 50 | Iiford B =] 05~1.0| (=)
Keats* 50 | ) Glass e
(1963) 27 Ypoa 95 Royal Blue Back Small =)
Silert® | | Kodak AA Glass .
Clo6a)  29~87 600  [T0~g0| Rodk AA [y | 12 oes | 1.6~3.3
Waolfe® v Double Load .
(logay  28~381 1500  [73~78 poube Moal | (—) =) 3.0~ 3.2
. Sino, Doneo
Seidel*? 4 s - Fluorosc.
35 50~ 500 60 | Kodak Definix| (—) | 0.6 ( 1.2)
(1964) Gevaert D7 (=)
Ya?f;‘gé‘;”’ 30~40| 30~ 8 | 30 | Sakura R | (—) 0.8 Al
Akisada??® | 150 Sakura RR Glass =
ogs) 2695 9o | 40 | Fujioo | () 1 (-) R
: 12~16, 300 () Be ,
Experimental "¢ & i 0.15~ 2.9 | %0 Sakura RR (g,s) 1 0.3~ 0.6 04~19.2
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ffio—FELKWd DI, FZToh b
WA EUTCRS &, Kfkiko 4 2wl bh
5. 1) (ERREEMCRIT7 4 v s v TR
F:(Egan technique [ % pModify®®108054) = 27
EEEDRBEH, v A2 ) —v 7 g v a ENER
Z % Gershon-Cohen technique#131620 (=
4 N ADKEEIL EFEDS,Y L B 2O 1 5 x5
%), 3) HRET s LA HCICHE © FTES
£, 4) FofoiEIR : Wedge Filter?, -
HEREHE??, Double Film Loading™#%% Immersion
Technique™$, Jlcff24Y, WRIRD, Buh
B X 55, Xeroradiography!®3® (7
DPlate {3484 /un ¥ TR T H £ 5 5), Printeric
I B ERREZ, 2o 7 ¢ v A ERTHE
THHR®, HERicERH v » 7Y%, BiEbA
ETRIT¥ER 7 2 A A 32ER o KRB LTh
kD, HETER. RACBIANEEY T
HUNENBHD .

C XHER XA ME

= Gz rhudE, BHEI20~40kVp i b
Tk b, EROERs X O« OEKER»S,
S L LTI 12~16KeV CEffifE: 0.2~ 0.4
mm Al) 234 E 2%, AARATIEK X hik
WXERBETHA 5. Zhifio—iiE s it
NTRS . ok 2o FERMRE (E220
cm) CHAHFE 2.0mm Al OFHEI H WHh Dk
BIE, 74 VADRRENED ItnwE LT, B
(3~ 6 co) TIXAAfF 0.3~ 0.6mm Al, #7c7
WERAHEYY TR & 1 o4 »0.01mm Al 3
fEREOMEIFEL L SHE RS, t0Xd
EETYH, Be 49Eu Close Spacing offiic
fif7s LETHBRE DD, gL A LHHS
hTwigh, B (DX b, 1LE20kVp OfE I
Be 4Bk Al 0.43mm§:B035.5kVp, [ U < LK
35kVpo # it Be 45k Al 0.59mmji;@ 0 42.9kVp
TRETHXBEBEFELL2L, XEEFLLT
T AFEROEAIEA%Y 0.3~0.6mm Al
BT, F ik Be FERic Al JEEHTA
AT By, L L Stanton & Lightfoot
TR g, &7 AERoBEAIEAE D
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D E ML L, B TE Mammography (2 1L i
WERW, KB 0.5mm Al Mg o0& HHL
T\b ., [UEE20kVp ik Rigo Be 5Ek Al I8
D Ye.8, F T3Sk VP TILY o0 D XERH ST Linfs
B, Be WERo A &g SRR & X
BHOAMCITFRETHS . BEGHONES, Kk
BMXBEOFAE P EEh 5, Mullards o
Beetlestone [ Mammography ¢ 1000mA X
ERRAEY LTwn., BEEETY, 40kVp, s
B 300mA, 1mfE, 0~ 58 o B¥LFE
AP THLH . UTOmBRIT T h i 8
L Uic. R AR o g3, ®4 0.5
mm Al T, (gL A EHERER TV,
Be HE B4, KETIL 0.5mm Al Bl Eoj§H
WoERIBEZhTW5H*, BELIETIRE
F60kVp L) o> —EEE oo OB & S 2R3k
RIS D D, ZIRERBE IE R R B L
FCTHBRHShALERSE .

D &A@ o Beas

1. BRofHERALBEo+Rr

Mammogram (B3R &h 5 FEEMAEE U
ik, 0.05mmr*P~ 0.2m*®LAF & mbh Tl b,
FofiF ik bk b 0.lon (5 4&/mm) DFRE
HENLERIR, 3o b Lk, HFC
B 1.0, W25, 3775 u ki
LA, 1mfEL, FEEEOenT, FEH ( 4.5cnfE
&) WD 7 4 4 a X DL IEWETORNREM
Utz X (16) | AIC7”-3, Stanton & Lightfoot
M 1r Motion Blur % 0.5mm¥ CHFAE LT
5%, DREE oL MRERET X5 Ay, B
TRTHIELTWTHB/NTSL BB EELD.
Wiz, WEX1RILT, FofG ol E L
FRTHIS LEETIUE, HERHoEBIG
LT0O~V/T50 (0~ 0.5mm) oArLicsd.
Ft-BixoRr LboRr gl B & Th
1E, BIEREETIIES | E50~T0n BED AR ricih
DBHILENRDS S .

2. IV ETA L ERINAEE

oS e & ope DFE Ap %, EFEM
D12KeV T 0.50cn™", @Eflo 16.5KeV Tk

— 75 —
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0.29, Hfi]n14.1KeV Tix 0.36TH 5 . kick:
Ed#t o Gradient ZBiLTi3, R & RR, S L
Y EIRRER D, ThFhey —#l L 1LTHE
Mo v, GrDY 2FHL, Zhic dprs
T vedp, GrDY§ -Ap s X OVF @ SEI5HEK 23R
B, ZO3FHETHNNR= V52 ERIRAR
OB ETok. £ (WER. BESILIL
a7 =

3. MERRE & HE )

i LomfEps,  300mA (SEFH), 90cn, Befy
B Al 0.3~ 0.6mm JB0L&HTHE (770 5
A b 3~6cm) J|PYEIT\, BEE 1.02EBCH

AR FH B2 SR w278 H48

Table (4) Relative photographic contrast and
absorption unsharpness of mammograms calcu-
lated from our experiments.

| ORev | 120 | 141 | 165 |
RRR Nosc (0.68—2.780. 49—2.040. 40—1. 64
- (K) (1.73) | (1.27) | (1.02)

| 8,Y Nosc 0. 55—1. 000. 40—0. 730. 32—0. 59

(K) (0.78) | (0.57) | (0.46)

R, RR+ 1/, BS|0. 75—2. 14/0. 54—1. 56,0. 44—1. 26
(K) (L.45) | (1.05) | (0.85)

| S.Y 4!/, BS 0. 60—0. 850. 44—0. 62|0. 350, 50

| (K) (0.73) | (0.53) | (0.43)
| R,RR + BS [0.97—2.710. 71—1, 980. 58—1. 60
| (K) (1.84) | (1.35) | (1.09)
| S,Y + BS  0.70—1.340. 51.—0. 980. 41—0. 79
| (K) (1.02) | (0.75) | (0.60)

Table (5) Skin dose and exposure time of mammography calculated from our experiments,

g' Skin Dose (R/exp.)

Exp. Time (Sec.)

KeV 12.0 | 141 16.5 12.0 [ 14.1 [ 16.5
R Nosc 5.1 —22 12.7—10.1 1.3 —36(1.6 —7.10.80—35(052-14
RR Nosc 2.1 —9.2/1.1—4.2]0.53— 1.5 | 0.69— 2.9 | 0.37— 1.4 | 0.20— 0.56
S,Y Nosc 1.0 — 4.3 ] 0.51— 2.0 | 0.26— 0.70| 0.31— 1.4 | 0.18— 0.67] 0.094—0. 27
R+, BS |3.7 —17.8 1.9 — 8.2 | 1.25— 3.7 | 1.2 — 5.6 | 0.65= 2.84 0.45- 1.4

RR 4+ Y, BS |1.1 —5.4|0.57— 2.4

0.39— 1.16/ 0.35— 1.7 | 0.19— 0.82 0. 15— 0. 44

1

0
S,Y 4 !/, BS | 0.25— 1.2 | 0.13— 0.52 0.086—0. 2 0.078—0.37| 0.04— 0.18] 0.03— 0.10
R 4 BS 3.7 —17.8 (1.9 — 8.2 | 1.25— 3.7 | 1.2 — 5.6 | 0.65— 2.84 0.45— 1.4
RR + BS 1.1 —5.4]0.57— 2.4 0.39— 1.16 0.35— 1.7 | 0.19— 0.82 0.15— 0.44
S,Y 4+ BS 0. 16— 0.76] 0. 08— 0.35| 0.056—0. 16 0.049—0. 24| 0. 03— 0.12] 0.02— 0.07

R XHE & R REY, ERoERER X vEt
BLL, £ G)ic/RT. ILR20kVp, 35kVp p il
B OWTIR, FhPhofBEcs L uXgy
FEET B B Be HER Al JBEE O X HH
ELTEHELE. 2hut Doy T 2T
B 5. EoTHER ¥ ¥ CIxEMD 2.4~6.8
EORFR A LIETH S . UK BS (Y,B
S) EHOBE, »ty 7RI 1.5m~<—7 5
A FELTRHELEY, chTEHA LD X b
MR 15~30% 4L T& 5.

4. Egan Ko & Gershon-Cohen B oo fff:

RCHBHB NS © BRABR ot K
(16) X h# 2 %. Egan -T2 2 umfEsS, BEHE60
oo, RIS 7 s v ATHE b, BETHION,
4.5emTHY 150 BRFE THS . 1mnEsE 7 S

VE, THhFR10% 2 0701 & Fr %, Gershon-Cohen
T 0.3umBE A4, BEpE3Scm, S (Y)HY 7 4
NATHDNG, REEFILERF 203 X040
ETen. Zhy ExiodiiEn 32 3 2, Egan
T 1 mmfE S REFE T & 5 A%, Gershon-Cohen ¢
th 0.8~ 1 Onm*® 88 I3 EFA L. =2 v b
7 A b B LUBRIREIC 2 WTE, WEOSEIR
BIFE LW (W15KeV) LT, % (1D,
Egan Ti3K = 1.15 (GrD} - 4pu=0.45, vedu=
1.84),Gershon-Cohen¢{3 K =0.52 (0.36~0.66)
Lish. BEIDISVE DN, EREEBSTIIA
Eig\. BEWERLIE L v,

5. Fx DKoM

1) D, 20mA, 70cm, 1 ~4F, Y+BS,
2) 3K20~25kVp, 235~ 250mA, 80~-100cn,

6 —
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Fig. (17) Case 1. Chronic mastitis medio-lateral

Fig. (18) Case 2. Mucoid carcinoma medio-lateral

Yoo~ 0.280, Y4+BS. G Hxnic DEL, BH
T80, 4.5mT 1704 ( 1.5mmfEfR) TH5.
a2V bFIAF B X O RRARSEIC oW, K=
0.89 (0.51~1.34) T Eganizyf <, {EHLESY
T o h Xk bk, BEER IR e
<, 0.08~ 0.8R/exp.% . X (17), (18) =%
23> 20 i

E S

W HA NI L, SEA»>TTRER TR
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Table (6) Acceptable mammography techniques,
combination of x-ray energy, films and screen.
Geometry and tube current are normalized to
1 mm focus, FFD 90 cm, 300 mA (actual
current).

[ Kev

_R Nosc

_W Niose

S,Y MNose

R _+i/285

RR +//2 BS fGontrast
[sy+1/2Bs | - ~ Dose
|R _+ BS

RR -+ BS Contrast

5Y + BS | |

ERALL Y.

1. f@f&h, =2 v b3 A, WMNEE, B
12 5 D R

JeT DBETLHHR T0 1 D Gl % 3 3 JEIEHRE
i R, RR, S, Y No-sc, R, RR+1/,BS, & xR,
RR+RB ¥CcTtHhHz. E (16) 2. Wi
@D~ 2 Phantom DiRfsER X YK = 0.5 TF &
785 S IAREY L Bbhicked, £ DIy
hack &, &6k (15Rfexp. bl )
IRFfH] ( 5sec./exp. LA E) mboddk B) X hEx<L
L, F EOMPENEDY, ZhitdofErnER
ARETHD. BixokEWiE, 50uxho
e uE, R, RR, 8,Y Nosc o2 #a X
i, WA R TE R, IS 100 4
MigETcHFshsoThh ¥, RAfc LT, S
(Y) + 1/:BS, 12~14.]Ke\/’-—2§ (6) gl 4y
—LFARTE D, Geometry 2% L RiFhid,
S (Y) +':BS TLIBE N HBOUALIC FTILTE
HThHHY.

2. JEIEH R BN

ORSS, —BErbRBE, RR 23R
BWEES | @EHoRLE-0: R, RR No-sc
P12~14.1KeV C, PRHRE © Kb voix s
(Y) +Y/,BS:14.1KeV 72y~ Liz RR4+BS (Y,
BS) :16.7KeV CtH5B. =+ F A ML RR+
BS (1/,BS) :12KeV TidiEv. #6oT RR+
BS (1/,BS) #14.1KeV {(ForhiEE T v 1
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i, 2V AL, iR BEHELTIZIESS
VADRRNE 5. BN DE S, bAED
BT Y +1.BS REENTHS.

3. HERGEK, BT XOUEE
R, RR o HReHt BS (& < ie'.BS) # fff T
g, —EREeEREReES LR 5. Egan
E® 4 B Ultrafine Screen [3fEESIE O & hs
bETHETKRWE LTWwS, »~ 4 Phantom o
HWEER T 12 RR+FS (J)¥) xS (y) +BS
EWEEMESRE. o flio A Feis
BEz L, FRoMEE LTE IhS. XY
No-sc & Y +BS o [AIFHREY 13 PR 2 I 5 3
{EFI7 )78k £ 8 5. kg -~ & Phantom o i fE 5
T3, Seemann & Lubberts!®, Stanton & Light-
foot*® &5 H 5 b, T Offifis B h
ot EEHRAERTHS .

IV gl o UICHER

HA& A®3% Mammography o iz o FERE
fex BRYE LT, WERiEc BT 5 ARy
TV, kofEmRzHLhIc.

1) a. 5~20KeV fTcik, p Cem™) 347,
M, KOMCIRPT 5.

b. 12~17KeV [HTix 729V 54 b © L{fEIX
(5, M, &) BEonfEL RO 1iEE 0¥
fHx D10 KREWEETHS .

c. FrxoEHEL Jacobson & Knauer fijff
2 o JIEAE & 12FE—F Lz,  Spierst Ko FHA
fE X hsvEs,

2) a. 12~17KeV [{Ti3H £ » 7HiiHE, 7
AV AFER, & TR m v b o XTI
KEL.

b . KR, KFEALA 7 1 v A 0BAFEA
fFEhs.

¢, EFD 30~ 100cmfd]c, 2 #HlnboF
HIL5~20%Th%.

3) a. EEK (BS) (AT, TEM/ YA 7
Y — v o4 AOEEEE D, KEEEERS O
HEDDLIENTES.

b, MUEELEDD L ENTES.

BIAREE RS S 3RE W2TR M4 ¥

. FUIEHE BS ¢4, HlAEws 7 4+ A
IDEEEMEL' VEE R DR

d. Kif BS 13 BS wwkh L, M HE
W23, TIEIMET L, GrDY:HES o€ F 35

e, GrD-3 {f1x, R (RR) + BS > B (Y)
+BSZ=R (RR) No-sc>8 (Y) No-sc oJ[iTah
5.

f. Noscooih4, R,RR,S, Y JHERM® GrD{-3
EoZEix, THoLTn X b/, WE BS ()8
izk>T R, RR, S, Y i E o v {HO% HA
T5.

4) a. Nosc ni#, R, RR, S, Y HHEM»
FH*H & 1312~20KeV HClAZE : Bbhs.

b, 12~20KeV []Cix, No-screen 7 4 )L A
DREEEIL, HE (KeV) wxd UCEANC RIS
5.

Wi BS FHOEA (3m~=-2754 A
mm)nmunmNFm@ AL BETEL
L,

5) a. 12~17KeV offifi T, FHxoH 7 A
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