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Abstract

For the purpose of determining characteristics of widely used commercial medical
x-ray films, which are used for obtaining the Linac-grams for radiational treatment
of cancers, we placed several commercial x-ray films at a fixed distance from the
linear accelerator. After varying the exposed amount of radiation step by step, we
could obtain a continually increasing density image for each film whose densities
were determined by microdensitometer readings. The characteristic curves of the
films were obtained by plotting the densities vs. the exposed radiation amounts, and
their 7 values were determined. These values can be used to suggest a minimum
necessary amount of exposed radiation to get a useful Linac-gram. The measured 7t
values of the characteristic curves of the Kodak-DVP/RA-1 film were 1.73 when
used 6MV x-ray, 1.70 when used 15MV of intensity. For the Konica-AX film, 7
values were 129 and 1.18 respectively. The result suggests that the effective
conditions for high resolution of a L.-gram be 6 MV of x-ray intensity and about 3
rad of exposed dose on a Kodak-DVP/RA-1 film.
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Ago oM A5 Fol 22 2AAE FAAIUA ARG B R X-4 HE
o7 Agisle Y gotslr] A3 2GS Al o FAAA AgAAde A8
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2-1. 487144 2 A=

E A¥dMe zduA X-4 243Nz Y452 A(CLI800, Varian Co, USA)E
ARG o AduA] X-4d9 ol&& HIAMe MAFA (Ximatron, Varian Co,
USA)E Atgstgu. dgol A& "HEozy gytag & X-4 #E(Kodak-DUP/RA-],
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3 9 & (Kodak-EM: 10¥12 inch) @] 3 PL type cassette(atoltdz]: FZ =], Ao x]:
HFZHAE AL

2-2. 49 9

X-4 MEo B4 Fydels AnaAdEd FE2AIY e ded AF
guH oz Algds FRAAYYLE TR EAD APor @ AT ol gaAw, ze
Ux|o] g ornlE Ado] g AR, B AgdAE A2AdEE AHgstdh 1
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g 22 WE Aol YAF FAU cm)e $2A 1 rad¥ NURAE ZAANAR FYst
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Atk F 747 AS RE g 10SA7) dol7bd ZF AR AAe Bae] Hagrh
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Table 1. Experimental conditions of the X-ray films

1 2 3 4
Phantom 1.5cm 3cm 15cm N/A
Energy 40KVP, 10mA, 0.1sec
6MV 15MV 6MV

(X-ray) 22KVP, 8mAs

Auto development(Konica, QX-1300):

Development .
develop: fix- wash temp. 320, dry temp. 450

AN \\\ \\\ R Z R

Y W

N R I 3
Center energy increased

Fig. 1. Exposed shapes of the X-ray film.

2-3. A¥zxA @ =4
B oo ol4d ME7EAA(CL 1800, Varian Co. USA 1991)¢] & 27L& ALgs
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X-49] evale} "E wat WA HEH ol 2AES Table 19 A HAS
ol vep e 1WT 29 20 dvEg8 X-4d EE(Kodak-DUP/RA-1, Konica-AX)
o thste] ZAtlR] Fx7F 42 6 MVY 15 MVY Z$-olw, 3 488 2808 9
2(Kodak-EM) 2 #3348 BE(Kodak-MIN)el tdh #¢ld zhzk 6 MV 1o =]
¢l 74 %-9F 40 kVP Az el A-LE Vel

HE gA4E dojzl Zt dAlvige FE+ v 4% T Al(microdensitometer) & ©]-& 319
A8l s 44 ALY 2 dAle dA FEol Fhe At ZALEe] FrhEl
upetA 2z} chAlmpohe] A FRe] ojgr] dEd oje WAE Hid FFHe E Fio
HAS a0jA Z+ gARitte] AAE FEIHAY Fig. 19 s 9§ ZAol 2Y¥ F A
Ha AL 14x17inch(35%43cm) 8] Z7]e] JAM FZo2 1 cm¥ ZALoEE #distd of
2 2094 A=l 7dtA @€7] dE o Eok @& dAS #dsr 283 Py
T oA zAbore] RFE AMESETH

dukdel X-4 HE9 fog ¥EE 003-004Wxol, & based T=+ 0.11-0.13%
Tt g YA dAFe X-4E 2ASHA @2 989 FEE FAHAST W,
tel grroh o %2 ghel ustizdl, oA AF HA71(QX-1300, Konica 1992) @74
o] AR, 4 2w iz AU FFAHI20%) TY 99 WEelzn #uE A
B AgoXes aAFERTE A7) Ao olHg ddzdg adg 24E 27
Fahadh. vy Kodak® AE5dA71E AFHES AMEst #AAE vludy dEAg
H, @4 258 280 dRLEE 002 &30S 9 0159 fog + HE base TEE €2
4 ey ofo m} RE YL oleg xS A Al

0. 43 % 2%

Table 22 2z} &) st ZAF 2 @4 Fol A2 S5 FAH distd a¥€&
g @ 54 FA(Figs. 2-5)22Ry 2T A2 47t 45 rad dHE AHE
3l FAE ZApEFoldh zZ zAGARICE | rad¥® HEAFLEZR o2y £AEL TAIG
At M=z Foh b3l X-4 dgo 54334 A8 doiMs W0PEHE e
W gdFulE AEe] AdE offdA X-HE& ST A e AEAALYE AHEEAIR
(Fuji®] o: X-ray sensitometry 80kVp. O.lsec. 100mm H.O phantom, FPM4200, RD-3,
350(90sec) , Konica? <l Konica QX-400, X-ray sensitometry 90KV. H:O phantom
150mm, Konica KM screen, XD-90. 357, 90sec), 2 A oA = Al7tA#Adyez Ags)
Wrh b dRbg ez Agsn de ¥REgE X-4 FE(YY E¥- Kodak,
Konica)ol A8 7t&7]9] 6 MV, 156 MV X-4& FAlsled dojzl EALHE 5&lo
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Table 2. Results of the characteristic curves

AN

Characteristic curves Fig 2 Fig 3 Fig 4 Fig 5
Threshold 1 1 1 13
res
° (1-5)
1-7 3~10
Toe 1-2 ~
(1-3) (5~13)
Straight I 2~7 1-4 7-11 10-19
rai ine
£ (2-9) (1-8) (3-6) (13-21)
7~30 4~3D 11-30
Shoulder 19~24
(9~30) {(8-30) (6~30)
R | . . . 24~25
ver
eversa (21-23)
Gamma 1.73 1.70 1.21 2.53
values {1.29) (1.18) (0.76) (3.00)
¥ Figs. 2-3; Kodak general X-ray film, { } is for Konica general X-ray
film
Figs. 4-5; Kodak ultra-sonographic film, ( )} is for Kodak mammography
X-ray film

29 X (gradation or gradient)s FA S r-valuer Kodak A% ©] Konica A
RO 2A Jdebdoh Avtd ez 3oy A wAlH L skl 545 WRE(Toe)
ol A el &3 | rad®) o dA o A HE 24 Y (Straight line)7t vt2 #4532 3l
o}, old wet L] FHAEe] AWMFHoR SAFo|rinveE A A6 sHgA vER
oo @Yde =F¥ert g F§ Ate)7t Zch(Fig 39 Konica-84 aA¥ vtz @

2 o
oo g

og g
49 A8 AP DAdA AREAE 18 £ Ak 2EHE BE A5
WHARE A AR -1 ?
Ut

Fig. 691 duistad g X-H 98F KodakAt A Fol s Aoz 6 MV X-49 54
4L g2 Eof ZAsEY. 1 283 B fog 59 film base ¥ 5 & UYd 55
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(1)= 015019, ToeR(2)= 1-2 rad, AAR(3}= 27 rad, Shoulder?(4)= 7~30 rad, 73k
(5)2 173, Exposure Latitude range(®): 2-7 rad, A& F% FH9(7N<L 1.14-2.08 (2-7
rad) AEoln, D-max(8) g ZPA A FEd 30 rad252)d de3AA A2 2
o] EA & vk (reversal) £Ho] i1 FE7F ALHA Fristn lenz uE
D-max B EA & 4 9dth oleld AFpM ¢ F YKo AWABEMV X-4)el
Me #2429 1 raddlMe BE @l 073(Kodak), 0.79(Konica)Z fogsEs #&
hased 52 @38 01580 AR & 5 o] oA EZ threshold?} | rad B} o}
ol A o]0l RoF JAANT FHAREL 30 rad A=AAAAE A7A FAA.

25 .
Kodak,6MV X-ray /’_

N

Konica, MV X-ray
FFD-100cm

Density
&
\
L)
-
N

0.8

0 0.5 1 15 z
Log exposure

Fig. 2. Characteristic curves of the genenal X-ray films for 6 MV X-ray.
The unit for x-axis(exposure) is tad.  The same unit is used on following graphs.

Fig 55 A= 8 Ag3te] dold A#E HolFm ged ol itodluiAlete] v
—valueZ M=z v]lz23l7] 98A S8t o] A 0159 fog FE+EE base FE
Zk7  thresholddt, toe®, FAE, shoulder? ¥ WA E TFslc FFARA S3A BFE
HaFEn rghe 188 FEW S 061-1.23, maximum density ranges 0.15-1.48 5 &
g JeEld el o]ZEE x-ray BEE AR WALAo] opd oAl e FoE
ZAbEH gwrael WEeol E4o uehie XNRLoz AHgsE nouAY g
threshold Rtk B4 & ¥ 5 o Yo S3tis AL A + /UL
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Fig. 3 Characteristic curves of the genenal Fig 4. Characteristic curves of the ultra-sonographic
X-ray films for 15 MV X-ray. X-ray films for MV X-ray (FFD-100cmm).
2 3
18 ; )
+ 5 o i
40 KVP, 10mA, D.1sec ,‘ )]

12 +
-/
Manrrography X—fay Rim .

16 Utra-sonography Film [ /'!.
:

Density

22 KVP, 8 mha N /
*

08 - | i LY _/_- ________
06 z '

: / i
.~ / (5 —» E
04 - ' H

02 D=

Q 05 1 15 0 05 1 15 2
Log exposure

Log exposure

Fig 5 Characteristic arves of the utrasonographic and - Fig 6 Amalysis on the characteristic curve of the Kodak
mammographic X-tay filims for the low energy genenal X-ray film for 6MV X-ray(FFD-
N-ray (FFD-100crm. 100cm).
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