R R EENCE, 10 0 91~98, 2000
Bull Fac Health Sci, Okayama Univ Med Sch

(5 )

PRI TTAMREK T ANLEL AT LD

FEPERIARIC B

AU,

31 5 2ER

/?‘, %{Eiﬂ % ’ ﬁ %HEE ’ FFI *ﬁ%%fg‘ ’

RS D s

A —, HBE

=®

VPRI T 4 HHEERMEHLC, BEHE TR AL F—

#

FHBOXFFICBIT A~

757 4 FHRBRE 7 4 VA R T ADFHEMRZF S o 0iTiE, ERMEBEORE L FIE

TLLENDH D

FOHEITONWT, Ehzr N F—2»

ZEXET 0 E AHIE, FRGTHRE N

”iéﬁE Bednarek 2 0 L 72 BT EEER O 3O FIE LM - TR L7z, 256
%ﬁ%%ﬁfé 2B AT ATH U CHERE TREIIR (B L, = AL ¥

~0)Z{4l:. LRI OWTORE L7,

%@#% 3 HEDREMMR S L U757 4 = v PRI, PTEREE AT

BERTHY

PITTIE L DODITIT— ﬁbto%ﬁ%&gﬂT&$ﬁFﬂ§,rﬁﬁﬁf@rﬁﬁi

2.7%, 0.2%TH Y, —RHPHEEDIRBDL & 3L L DHTI

3, iR E@ﬁ

BEICA L THReRBER2.7%, 1.5%THh -7 Dbz &h s, ZRALF—DB{iz

LR~ D B
) EDATHELNDLEEZ LND,

BT LAY 7%, AR AV X — I T ORI #3225 ﬁ%@ﬁE%

£—7—F

CRYERTTT7 4, AT —GHE, RPERER, BREED, 2SN

& L & Iz
WA, 7 4 Wby AT LDOFe L IR LD
D ED R RTEEIMBIT, XEFEOBE & ik
DWRIGEZIFUGT A2DICEETH 5, g
fEgciciE, FEEES H R 2 AW TXFE 223
% IR RN e iR E LT RS HWwWs LT W
21, LarLl, M- EfxYXo—kEZ L) En
I ALK -G BT 5 XEAFEY Cter
EBEI5T 4) T, BRMPFOE %fﬁ%@ﬁﬁ%
BUAsor L Ze v 720, JREEE 2 v 23545 137250
%%@ﬁEﬁ%%t&éoit,%ﬁﬁ% iéi
AN X —DEACREIRIC RITTHELBES
5, ﬂﬁ@x7u—:77ﬁ*~7/%7774#
BAZINLD L LTWAIHS, = T25 7 4 il
B, T ANLLVZTL (LUF2reHIATL)
LERBRIN, FNENDY AT LRFHET 572
B, BFEHBROMERIZOWT 2 DFHRPAAD L
ENTW 237, _
FCTAWETIE, w757 0 HEHEE, <

I LK 27 R 2 0 R R SR B ATt o Bk

YERAT AL THEEE SIS, EEA
¥—0 L8R W50 E/MIE, BIHEEREIC L 54
1E, K¥ 5 @ Bednarek £ % o U 72 ¥riEBEED %
TV, FREERR AR L, ZX5EFH Lo X—%
(LB DT L7z, /2, i L¥—
MRS 5729, RS EENAOLL, ZESETY
EER LGS LD B AEECBNT, =
YEMY R T Lz UBEREE TRIERR 2 Rk L,
I AN K —DE O HERMEIR I KT TREIZOWT
LWET L 720 CHRET 5,

£ B # #
HEIEGAE | KX-300(2 =R e, UTa=%
4h)
BERE  Fuji 303 (B4 74 ANV AT LR 2
#, UTFTE+LAT4 A4
WEH, 7 4+ 04 D HR Mammo Fine/UM-MA
HC (X7 4 Hnid)
2 rE777 4 BHXKEEE Model MGU-01

— 91 —



Jull Gl fi

(Mo target/Mo filter) (&
BHEA T4 A NVERRAAD)

— R X AR 3EE I DC-15K (R -HEX T4 7
VBRI S4E)

HEEE T Model 1015 (3 F A4,

711 —7 Model 10x5-6M

TOU I R{EE ¥ v b D RMI 115A (GAMMEX RMI
#t)

GG - XD-90C (a2 =u4h)

EHW : XF-SR-C (2 =4%)

X B F &%
Fig. 1 »FEBREERICE VT, XEEEL IR
THEWETOBEZ L & L, Ixe Ixy, Ixgeeer , Ixn

ERAROBHTCOMBL T 5 L, x & x0 TOR
8 Ixi, Ixo 13Z25UT & 28055 & RgTHE A EN 5 2 &

W RILTRG S D), @RE% 5,

2
I&thﬂﬂi) (1)
2
Ix0:=10-e—”xo<41—> @)
Xo

pATRERDBRIRI T H 5, )R 2GRN TH,
WD & B,

log %)}:, = u(xe—x;)*loge+ 210g< );(‘1’ > (3)

HEILEB L OFFD oM —F o xt Bl % logE,
logEq & L

_ Ix:
logE=log Txo 4)
1ogEd=210g<%) (5)
ET 5L
logE= u(x¢—x1)-loge +1ogEq (6)

L% b, 0D uxe—x) loge BERRT T TH
5, M- EEBZe £ O— Bt s g T, ¥ a RIS
BOLT AT ANF—2MHTIUL, w OEIZDEL
WH M TS, NS HRLEZANEXEE L
THWBZ D TE D, AR T, BHEEETIEX
L723BHC IS 2 2 #IE 3 5 72 DI LI TOERB &
V7= BMEITH72, FIo> TRV ATAICH
LT I EE TR DOREE 1T - 72,

1. BESEH7 1 LLADOER

WEHK 7 s Nvbe ANTEBEZES Ly 7% Fig. 1
WKiRL72 2y TRV —IcEE L, X% BRET
T, OBV EHR IS, JBXRFFD 2 & 2
pTrichy T RS-0k (F) CB#HIET
BORIZ7 4 VADOKRBERE D 5 &) ITRET
&, ZD7 4 NAERRBTUIIXBEROEIICH
SIRRENE LN L, BATHEEE X0, x1, X2 ,
%Xn 13350em? &5 35cm % T AlogEq=0.1 D C¢AFF
NBRDOBEENICLDIHICRET E, 22775
7 4 HHEE D BES 12, 28kV-10mAs, H BE 5
IFIRMRIBE34°C, LFEEE I O0RDCALIE L 72, 10mAs (3
CHEEDENRIETH Y, x0=350cm THEEE
EBiIN—2+27VIRE+0.02TH-72, ZBUT

/Cassete Holder

350cm
35cm Movable
Pb-shield\<> Ixo
1) by by Iy,
_ Xy Beam } _____ J( - 4 _____ -
Focal | Spot Aperture X (
1x2 cm2 3 X X X

X-ray Tube

Fig. 1

Schematic diagrams of the inverse square sensitometry.
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Table | Reference data of the attenuation coefficients for alminum and air.
Energy Mass attenuation Linear attenuation
[keV] coefficient of Al [cm?/g] coefficient of air [10~*cm~?]
10 25.75 59.88
15 7.967 18.4

Table 2 Calculation value of the effective energy and air attenuation coefficient

by half value layer.

HVL Mass attenuation Energy Linear attenuation
[mmAIl] coefficient of Al [cm?/g] [keV] coefficient of air [10~*cm™]
0.31 8.31 14.8 19.2
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Fig. 2 Characteristic curves and gradient curves.
(a) Corrected by air attenuation with effective energy HVL 0.31mmAl,
(b) Corrected by exposure dosimetry, (¢) Modified the technique of Bednarek
(a)~(c) were showed uncorrected inverse square sensitometry together.
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Fig. 3 Comparison of characteristic curves and gradient curves with general radiographic unit and
three kinds of methods with dedicated mammographic unit.

Table 3 Comparison of average gradients and maximum gradients for uncorrected inverse
square sensitometry, three kinds of methods with dedicated mammographic unit and

general radiographic unit.

Ave.G Max.G
uncorrected inverse square sensitometry 3.26 4.45
Dedicated
edicate hi corrected by air attenuation 2.88 4.08
mammographic .
fgt b corrected by exposure dosimetry 2.92 4.07
umni

modified the technique of Bednarek 2.84 4.07

- General )
inverse square sensitometry 2.92 4.13

radiographic unit
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Table 4 Logarythm relative exposure corrected by air attenuation and exposure dosimetry.

Corrected by air
Inverse square

Corrected by Relative error**

attenuation exposure dosimetry* (%]
0.00 0.00 0.000.00 0.00
0.10 0.13 0.14£0.00 —6.25
0.20 0.26 0.262-0.01 0.01
0.30 0.39 0.38+0.01 1.35
0.40 0.51 0.50+0.01 1.52
0.50 0.63 - 0.62x0.01 1.23
0.60 0.75 0.741+0.01 0.75
0.70 0.86 0.8610.01 0.18
0.80 0.98 0.97x£0.01 0.58
0.90 1.09 1.08£0.01 0.76
1.00 1.20 1.1940.01 0.80
1.10 1.31 1.30=0.01 0.74
1.20 1.42 1.4110.02 0.60
1.30 1.53 1.52+0.01 0.42
1.40 1.63 1.63£0.02 0.22
1.50 1.74 1.74£0.01 0.00
1.60 1.85 1.84+0.01 0.30
1.70 1.95 1.95£0.01 0.03
1.80 2.06 2.06£0.01 —0.24
1.90 2.16 2.1620.01 —0.04
2.00 2.26 2.27+0.01 —0.32

*The values were average and standard deviation.
**Relative error of the exposure dosimetry for the value corrected by air attenuation.
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The influence of air attenuation in characteristic curve

for mammographic screen-film system

Toshinori MARUYAHA, Sachiko GOTO, Yoshiharu AzuMA, Yoshitada NAKAGIRI,
Koichi SHIBUYA and Katsuhiko SuGIita

Abstract

It is necessary to take air attenuation into account when we use inverse square
sensitometry to obtain characteristic curve for the mammographic screen-film system
at low x-ray energies as used with the dedicated unit.

Three kinds of the inverse square sensitometry approach of correcting by air
attenuation obtained from effective energy, of correcting by exposure dosimetry and
of using modified the technique of Bednarek were employed to investigated the
influence of x-ray energy in the characteristic curves for the mammographic screen-
film system. In addition, the inverse square sensitometry with the general radiogra-
phic unit was employed and the influence of x-ray high energy in the characteristic
curves was also investigated for the same screen-film system.

Though characteristic curves and gradient curves of the new inverse square sen-
sitometry were a little lower than the others in high-density region, the curves with
three kinds of methods almost coincided. Maximum relative errors of average
gradient and maximum gradient for modified the technique of Bednarek were found
to be 2.7% and 0.2% among the others respectively. Moreover, maximum relative
errors of gradient and maximum gradient for the inverse square sensitometry with the
general radiographic unit were 2.7% and 1.59% among three kinds of methods with the
dedicated unit respectively.

It was considered that the characteristic curves for the mammographic screen-film
system were little influenced by x-ray energy and could be obtained only by correcting
air attenuation from above results.

Key words : mammography, low x-ray energy, characteristic curve, inverse square sensitometry,
air attenuation

Faculty of Health Sciences, Okayama University Medical School

— 98 —



