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Studies on the Inhomogeneity Quotient of the Sieve Irradiation
Inhomogeneity Quotient of Some Kinds of Sieves and Their Biological Effect

By

Chikahisa Yamada
Department of Radiology, Kyoto Prefectural Universi ty of Medicine
(Director: Prof. H. Kaneda)

There are two important factors in sieve therapy, one is the field-size factor, that is, the diameter of
the hole and ratio of the open area, the other is the inhomogeneity quotient (IQ) which is the ratio of the
maximum dose at the open area to the minimum dose at the covered area.

In this paper the author calculated the IQ on several sieves of aluminium, copper and lead under -
100 KV and 180 KV X-ray irradiation, and studied the relationship between the biological sieve effect
ratio (BSER) and IQ of three kinds of sieves, evaluating the LD 50/30 after whole body irradiation in mice,

It was demonstrated that the LD 50/30 with the conventional irradiation was 589 R, LD 50/30 of
sieve irradiation of IQ 2.0, 2.7 and 3.7 at | em depth (center of mouse) were 619 R, 694 R, 891 R res-
pectively.

The biological sieve effect ratios of 1Q 2.0, 2.7 and 3.7 were 1.05, 1.18 and 1.51.

From these results, it was verified that the sieve irradiation with the IQ more than 2 was effective,

but less than 2 ineflective.
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LTEAL b 0T, villick 3 EoEEy &
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el bz EREHL NS, I
OHEMENE UL, FIHEROR D4 Off
PHWT VR IR L, FREAMLECH
Fo U SRR LcHER, BBGOX & S
ERlaX b/ B LienoT, BEEOR
E2wb U LSBT EHREL TS, Ke-
reiakes et al.'}, FREHI40%C, BIECHEE
1 enBP N T« OfFE VT VI 5T » 7
L EBHEHET, EFESRIFAIBERINS
LB LT ER L ERTWS. ZD
X5 RHHGROBEZEINE L B Lichi 2Tl
DEMFASRENKEL B0, o121
OHBEROK ¥ X X HEWENFICOESR, T
Feh bR EFRETOMEZL D ENBELMLT
ino T &, Zhi oMYA L CEERS
Xhic¥ioy &, WEDCEYT 280 LoFcE
W, BUHMEEY T b ORISR TR B A
R E, cordbrBiSh S T2
[EERE T Wb EE2BRD . fOMK
a7 LR S hoic s o B s a2
ZENTWALDIBEEANEBE 2EXT
L. 20X 5 REEFETI, £ oRSE R
OEI X HEHE(AIET) & R EFHOHA L
% COREMENBIRT B LH 2 Hh 519300,
&AWz ORHTFERTE < oIk, BAEGEHM
FOBAER 2 en A T Ch D LBNT 5.

D X 5 oA R RS R
Fex BT HOTHHH, hIPERCEY
T AL O © B 2 KR EIRFEEZRLT
WEBNLTHS. Lini->CRETFHOBRGE &
PEmE oElA (EHL) b EALEIERET LR
% . Barth® 3BIRGPERS 8 m O#F T, R
#67%, 50%, 33%, 25% & x T 100KVDO v
S FRAE U T IR B2 R DR SE O FRFE A2 Ll U 7ol
B, EREAVNE I i3 KRS REE & T
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EBEeRWTizELE LTEER X D e 55
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Tikh B0 EOME LB Lok &, FEED
SEEIR DFIR X b OBEL IO/ IME & oA
BRI AR LT 5. & OBRCKE & BME
Lok, ThbbREFERREWE EGETDO
HoORFEIRIAG O THOT, WHhEL %
FekEL B EELBRD. L OTNEEIRER
TRAZRETH S, TER TR & HEFEDO
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B L BHARFER, EHR X005 enfE kiR
BEM TV B, 10enEHciigif2 e bh
fepots, LRI R RSB LB TEEE
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WOHREH LR, BEREto L D50 58
FEHRED L D500 i, EHOTIHEE 6.80FF
©1.27, 5 RO EEE 2.208C1.19, 10
en ERDORIEEE 1.8 OFFTIX 1.11 THOT .
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Ly, ofBELRFRELE S ERARL.
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I SHoOMELAYEE

WEEHE O FiCE IR R L TR X R
BE0, HOIEMBT HTH%EER, BE, &F
HRELIBRROEROKE S, oMo 44
PHEA—TH2oBE, WHoBHERER, mELE
Wz obODOHBECLOTRLS.

¥ fio BECRER & Ity A—chhug,
WOMBENTHEECBRTS. c0Bs, o
HWEOER X 5HEMOMELE 2 BT IR
ewdl, ThEEgET5 T, FoltEex
HEBREROENKRE S NHEERELATS.
FBR TG 0T X BN E 2 BRET
THHT, falchoERb0ERIRE
LEEREPETH L LB, Johns® DiEHHE
ERFER S Lig, Schrock-Vietor?? @1 b
THEEYEB L. zo5s, MoBTER
3me L, mEEIZS0% E—Fic L.

ERTNIFEIRBL D 1 onDES DD &R
iz, TOBEY, ROBHEBRCTK T, Rk
ELT=v ATV T, Bkt s~v A
OHFRITR T4 LA RBEEEDO Y LiC VS
JBHL, LD50 (30) ik 2 RwrzLicko
T, THFEXOEYFRIHR L HBERE L L5
EEMELIEMLBTHS,

HEELELTIX, Al Cu, Pb. i b0 Cu &
Al 2 AR 6 lEO b ORFH L.

1) FHEHFEEROHE

VERFEA 25T ok JTF Bl KXC-18 B aHsE
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B2 F\T, HEE 100kVp & 180kVp ot
THELT:.

100kVp i3, FHEH25mA &L, JE@H L L
T1mmAl AL, EiEE 2 mmAl ©3
DT, EEREA—RIEEEERE % 150em 1
B, BHRELAX 200, oME &%
2mED Al, 0.2mEod Cu & 1mED Al, &
XU 0.6m/ED Cu k1m FEon Al #FEx, *
AZERI OV TEBE R L.

2mED Al TOWTIEEBRITS0YTH D,
0.2m JED Cu & 1mm ED Al CidEEZ1113
ZEicy, 0.6mED Cu & 1mED Al |12
% THot-.

¥ 180kVp Tik, R 25mA, JGEREI
0.7mmCu -+ 0.5mmAl ZEHAL, RffifEx 1
mmCu TH%. 100KVp nifs & AR EFoH
BThd2mED Cu, 3mED Cu 3510 3m
FEo Pb HieonT, ThehoBaEEsRs il
ELT.

2m/EoD Cu 1325%, 3m Eo Cu ¢iLl5
%, 3mED Pb Tk 1 %0M@:ERI E b,
(Table 1)

2) THEFEEOWT

100KVp ©ik, 2mfEo Al, 0.2mEo Cu
E1mED Al 0.6mED Cu & 1m/Eo Al
ThEhOES% S OBRER 3 m, HKHES0
% DERCO\NT, THEELXRD B E, 2mmAl
T, _574 ¥v7 7 Vb—-20FET 1.7,

Table 1 Dose of Sieve Irradiation (Hole Size 3 mm in Diameter, Opening Area Ratio 509%,)

anldM';;iiﬁims Per Cent Inhomogeneity Mean Dose (%)
of of Quotient
Sieves Transit Dose (1 cm depth) Caleulated Measured
HI\U"OLKV Al 2mn 50 1.4 75 78
mm Al =
F.sé%ém L 13 2.5 55 59
S eioes N 0'1?1;? 2 3.3 50 51
HlViOIK \; (Sieve ) 2 2.0 87 89
R%gi ! g&f%) 15 2.7 78 80
?0 % 10cm %)Sl}evgmu(é) 1 3.7 70 70

— 17 —
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Fig. 1. Depth Dose Distribution of Sieves (3 mm 50 %) under 100 KV,
H.V.L. 2 mmAl, F.85.D. 20 ¢cm, F.8. 10 x 10 (Calculation)
120 120 1 120 7
% % %
Sieve : Al 2mm Sieve : Cu 0.2mm Sieve : Cu 0.6mm
! Al 1mm ' Al Tmm
100 1 100 100 4
80 J 80
60 60 1\ \
ximum \
maximum maximum
dose 404 dose 40 \ dose
mean \\
Py ~
minimum "\ dose mean dose JUT \\ mean
20 1 dose 20 1 Sel 20 1,7 - dose
minimum dose s
minimum dose
0 - 0 - Q
0 1 2 3 4 0 1 2 3 4 0 1 2 3 4
depth in cm depth in cm depth in cm
Fig. 2. Depth Dose of Sieves (3mm, opening ratio 50%) under 180 KV,
H.V.L. 1 mmCu, F.S.D. 40 em, 10 x 10 cm (Calculation)
120 120 1 120 1
Sieve A (Cu2mm) % Sieve B (Cu 3mm) % \ Sieve C (Pb 3mm)
100 1 100 1 100 \
maximum
dose \
/-..\ ma:nmum 5
' dose maximum
20 80- /_\ dose
60 ““ 60 \
- dose \nzm
rd S~a mean
E - ose
minimiitn pm————— \
40 dose 404 - R ts 40 4
r S
4 © minimum —————
| dose pras e~
} o minimum
— 20 20 ’ dose
0 ¥ - 0 - 0 - v
0o 1 2 3 4 ) o 1 2 3 4 5 Q 1 2 3 4 5
! depth in em - depth in em depth in em
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1 cniEHcik 1.5, 2 cniEffCik 1427027,
0.2mmCu & 1 mmAl &0 &R0 TIx, KA
T 4.2, 1cmfFE#B-C 2.5, 2cemFEHT 2.1&7
h, 0.6mmCu & 1 mmAl OFfiCix, M 7.9,
1 em®EH 3.3, 2cm 2.62 707 (Fig. 3a).

¥ - R FER OO TSR FHEIC X
h3RwicH, 2mmAl, 75%, 0.2mmCu+ 1 mm
Al, 55%, 0.6 mmCu-+1mmAl Offit50%TH
ote, chi BRI TRIICIELRLT 7
9 bF = VAR TRHELIRER X, 8%, 59
%, 51%CHoCEHHfE & B X { —F L.

180KVp Cix, 2mE® Cu, 3m/ED Cu,
3smED Pb OEE %10, FBERERE3 m, [
i 50 % © =fED ic OV TTRHEELRDIC
(Fig. 3b).

AL, 2mEDO Cu TR 74 ¥ 7 7
v b —ADEECT 2.6, 1anlFiH<T 2.0, 2cn
EHCix 1.82 7co%. 3mED Cu TiX, KM
¢ 3.7, 1cmiEHT 2.7, 2cniFEHTIX 2.2¢ 7%
b, 3mmEo Pb Tk EET 6.6, 1cnFHT
3.7, 2 cniEHT 2.9& 7500,
ROV T OFEEY, 2m/ED CuT
87%, 3mJED Cu ¢78%, 3mm ED Pb TiX
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0% &ieot. FRFABRKC7 Sy bF= v i—
CTEMLEREEhLTh8%, 80%, 10%
Ligh, TOBALEIHHEL BRI~ L
(Table 1),

I FHEELEMBHHHRELCONT
1) a4
FBEECOWTE, WETHEN L, &
W/E 100KVp & 180KVp LItk AT
LR AY A DI L B, FE
CoOWTIR100KVp OREE, % QTR R ik
BEEEBTRY, =y AOTEHICHEYST 2 2cen
Eck, FIBREOEAMESCETRELTL
%5, tobREflchE vy ADEELE,
SRRV & TR EOENKREL LS.

ZhicE LT 180KVp Tk, 2cm TR
DPEHREOFINIIT LA LERBLRT, v VA
OFHE & & B E LW TN TES.

Lo To%E R, HEE 180KVp D
VR ATHEERA U & CERL, BRER—
Y A TRMEERES 40cn, FBEEF10X 10cm, HREHEE
74R /min. (Zed) TS LIz,

2) FERI

DD Y% GRS offi<v A, 20k 1

Fig. 3. Inhomogeneity Quotient in Depth (Calculation)

a

8
100 KV
25 mA
7 F.S.D. 20 cm
F.S.10X10em
H.V.L. 2 mmAl
B 6 4 Sieve 3Immp
3 50 %

&

%

5 4
to

[+]

=

Q

JE )

&3

2 1 \ Cu 0.6mm+Al Tmm
\""--.. ~~~ Cu 0.2mm+Al 1Tmm
Te—— Al 2um

1 - Yonems

[V 2 3 4

depth in cm

b
&
180 KV
25 mA
s F.S.D. 40 cm
L F.S. 10 X10 cm
H.V.L, 1 mmCu
H 6 Sieve Imm@
2 50 9%
°
Fl
o
5
b
'3
=1
PEQN
)
g \
S
=
= \f\\
—
2 B ~ ~ Pb3mm
\"'---...._,____'-""' Cu 3mm
—" Cu 2mm

depth in cm

— 19 —



144

EZ18~24PCT DA T v v ABID FAE fHic A,
EiH23+ 2 COERIBWE (21 FFryY) BT
BERIGR GREE) B X 0kE Hlcs 2 T8
BL.

3) M5hE:

BANCEE LTIk, =% R1L7 4 L a~—212T
EOREE24m, £ X 8 end [ osicmEREC
FACAs, BEZIPAE CRESE LIi-kigT 3 LS
DAL L TR T h e B Fic s\ i, FoJE
ARDRCTENEAS 7 4 v w2 CHAE.
SHIBSFD < A NBERZITE BB T
SHAD RS 7 4 v 7wy riicZegiila o2
Rl ZOFERTRHFO =Y 22z & A Ll
IEDRER RT3,

4) EBRER

KB, HERHEE, Cu 2m EofF (Sieve
A) Zohoted o, Cu 3m/EDH (Sieve B)
ZRVIZERRE, 3X0°Pb 3m B (Sieve
C) 2AVEERBDO 490 D%, FhE
=Y ADLE—FBHZ I, 30HEOFER
% AT Probit 3 #i %47\ &#D LD 50 (30)
#Rwi: (Table 2),

a) MR

1I8—2IED =y A% 1L LT4%E 2 Y,
CRBI LD &% % b aiike1. 126
DREHIE T L HBHE 21T %, FhEh D300
EIDOFECRIL 501R 2 fRH L= b O TiT 5.5%,
562R TiX42.8%, 631R Ti366.7%, 708RT
11945 5 LI DFRA ELB A FET-F 5. Zhic

AREFBOHRE QMR H28% Hop

probit 4% 17> C L D50% 3% 5 & 589R & 7
i (Fig. 4),

b) #iA DBEHEE (Cu 2 m)

821D <2 2% 1 I LT, 58D~
i 125 ORERE CEH Rt 2 T2k, o
B0HHDIELRIXS0IR T 5.5%, 562R CI316.7
%, 631RTIX55.5%, T708RTi390.5%, 795
R TIX 100% & &FDTEC- Lz, hX hRo o
hicLD50i% 619RCh-ot: (Fig. 5).

c) #iB DB (Cu 3 m)

18—240% 18 & Lic 4 fliconT, BRI
L1265 D% 2 5 BE L C30H MIOFECR %k
Bz, 63IRMHLId 0 TIXI6.7%, T08RT
1%55.8%, TT5RTI390.5%, 890R TiX4HlH3E
TL%. ZOFDLDS50: 694R THot- (Fig.
6).

d) #icoB#ERE (Pb 3 m)

IB—24ED =T A% 1l & Lic4flic, 1.126%
DR RMIFE 2RI %47\ 30 H B OFE =K% 3k
Hic. THBRPBEH LIcH TR, F0ERiL16.6
%, BYORTIL58.3%, 1,000RTi%90.5%,
L,200R TlL 100% & £BIRSFET-Liz. =D
LD50i% 891R & 7g-o7x (Fig. 7).

LLED 4 FEn bRk Bt L D502 T,
BIEMETRF 0 589R #HEUE & L63K D L D50D
HaRoic. $ibY, chp b wsaiise
EVbh 54D THDT, WATHS Cu2md
BETIX1.05L 7, Cu 3moOfBTIX1. 185 i
7. Pb 3m bR B M CTik s o%1.51 &

Table 2 Numbers of Animals and Mortality Rates at 30 Days after Irradiation with

Conventional and Sieve Methods

Iﬁfﬁﬁgl [ Conventional J (glilevze ﬁ:m) (ciieg emBm;n [ {Pglesvem?n)
D% Janii.| Deatn | ® |ansen.| Dosit | % || i | % || 2% | %
501 18 1 | 55| 18 1 5.5 ; ; ]
562 21 9 |42.8| 18 3 |[16.7 |
631 21 14 | 66.7 | 18 10 |55.5 | 18 3 | 16.7
708 |18 17 | 945 | 21 19 [90.5| 24 14 | 583
79 18 18 [100 21 19 |90.5| 18 | 3§ |16.7
890 18 18 (100 24 | 14 |583
1000 21 | 19 | 90.5
1200 18 18 100

—_ 20 —
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Fig. 4. Survival Rates of Mice Irradiated with Conventional X-Ray Method

100
LT | 501R 94.5%
90
80 i
1)
! 1
w ™ P
H L
L- =
6 ] L o e —— e ——— = 562R 5T.2%
]
50 L-
g =7
£ 40 |
& 30 Fomeele (631R 33.3%
|
20 ’ o=
=
10 (Imm—
TO8R 5.5%
o
0 5 10 15 20 25 30
days after irradiation
Tig. 5. Survival Rates of Mice Irradiated with Sieve A (Cu 2 mm)
100 —
],:'. T 501R 94.5%
90 :_ |
N ———————— == 562R 83.3%
80 |
w 70
60 -
50
E 631R 44.5%
-E 40
@ ]
30
20
] b bLeecem-oossmmsmmeommeseees TOBR 9.5%
0 ] T95R 0%
0 5 10 15 20 25 30
days  after jrradiation .
fevoic (Table 3, Fig. 8). 40%, 1.5mogakios fv-T, REFNIC—

IV @BiIELoUICER
EHIBSIEC IS B SR I AR, O
192 1 ODBIHGRDOKE I HNENT EDIED,
BENAOTEEERBFRT S . FIEL, 45K
vV, EREO VT, BIRETERR S5 m, mik

RERA TR TRE L TR, HER
e & A EFLERE2,000R THOREDRN L,
HESRETE, BERSOBSTET 580,000R
PELL. - OFHHCERIFFRFEEM
AR BEITTHOLLOT, SKVOVERE

— 9 —
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Fig. 6 . Survival Rates of Mice Irradiated with Sieve B (Cu 3mm)
100

90

80 1 631R 83.3% .

60

50 | e

" g T TOBR 41.7%

survival

30
20

10

759R 9.5%

0 i . . : v 890R 0%
0 5 10 15 20 25 30
days after irradiation

Fig. 7. Survival Rates of Mice Irradiated with Sieve C (Pb 3 mm)

100

90 1

80 TYSR 83.3%

70
60 1

50 °

o -

f—

40 - e —— e~ 890R 41.7%

survival

30

20

10

-— - 1000R 9.5%

0 . - — — ’ ~ 1260R 0%

] 5 10...° 15 .20 25 20
days cafter, irradiation

BOZHLACECTEEED S LI TRE X HEEEhB T &%, BROUTRREN DL
T3, FEOERTCTESEDRL K 3.7 BEZYHC LR IBEELLRS.

Dl (Sieve C) w184 D, BRI+ SRR & BAEFRCCHRELHET 2 5L
SEWFRRRIT, ERER RN 3, RERB5ES2boTH D, WEE
1L.31TH Y, FHOEBRERL v/ NIWETHS BT LATHEEOELEF TIE, FRoORYE
By, THIHTHOREEEL 10 &\ 5 B\ & BEORTIoTERYITS & & Y E 12%2
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Table 3 Relationships between Biological Sieve
Effect Ratio (B.S.E.R.) and Inhomogeneity
Quotient (I.Q.) According to LD 50/30 Foll-
owing X-Ray Irradiation

B Inhom-| LD Biological
ogeneity| 50/30 | Range %‘;i_::t
Quonenti () Ratio
Homo. 1 589 | 576— 603
((S:ifvgni\m) 2.0 | 619 |615— 622 1.05
(Eifvggin) 2.6 | 694 |690— 698 1.18
Sieve C [
(Pb msm)| 37 891 | 869— 911 1.51

Fig. 8. Probit Analysis of Mortality at 30 Days
after X-Ray Irradiation in Mice

X

Mortality ( Probit )
I
\h\ \b\

3
L /
501 631 795 1000 1260R
. -2 Conventional
o——-0 Sieve A ( Cu 2mm )
= S Sieve B E Cu 3mm )
F— Sieve C ( Pb 3mm )

Bhicy. FF Eom < Ao hLEck T
HAREEERER L. BaP ik, 170KVO
VERIC TBHRGRE RS 8 mn, TIREHS0% offiE L
T, =Y ADLE—FRAH30AMOLFERYE
BULER, HERNCRCAYENSRE S 2
LA ET LT 1.31%, ¥ixrhllo
R TR LRI T\ 5. F 72, Cohen et al®.
L, 250KV, BARGRER S motirHvwT, 7
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v MERBEHAOEFRY L HT, B%ERE
WL L5ENEERELLEVSH . Zhbiivg®
hiFEFEOEBRIEL WD THS.

REEEOEIVNE L Te BT LichioT, 44
ZREEIR D Tl hEL T Bz Lo
X, RTINS, Bl X 0tHg o
EERRERN D Y, FEORERS o CHEMER
LTWwa. L NEEEDEN 2Tt
TR, IR REIET5 o LT Einn
DTH5H. Rausch®™ Xy, FHEEEN2 DL
TUehoTh, BH S AGEE L o>TlHzEr
EMWMABIENTEDE WS ";'t(ib‘f)ﬁ [l o
W, KEHAN ﬂﬁ@vﬁﬁﬁt% Z 1,500R %
A L oA, 41‘%3%?513.5, 2.6, 2.0,
150 RS Th Ch b 2RO WEHE 2 RS
7oA, 3,000R AL 7= 54 Wik, RHEILRE
13.5, 2.60WEHECRiigEv DI, T
SR 2.0, 1.50OMBHFRCILE bR LRD
D ERTEMOk.

BE ORI o ERIERL Y, EWENT
AL E NG RE & PR R A B X 9 ol ix
h, LDS0CHYT HHE% RS LIcHE, 1
BWEEN2 L) IREL RoTERCE T,
FELFD LR D (Fig. 9).,

Fig. 9. Relationships between Biclogical Sieve

I!fE‘;ffec:l: Ratio} (B.S.E.R.) and Inhcmogeneity
" Quotient (L.Q.)

1.6
2 1.5 ‘/
]
=
£
s}
2 /’
[+
@ 13 /’
o
'0
B 1.2 /’
2 /
m
1.1 /
/

Inhomogeneity Quotient
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IR I, B & b, 2o
ACTEIT HEFEESD - HHRY 51 5b0C
BHBH, Urano®™® EERCi, EEERKE, e
iR E OMCEN BB = EMFEF IR T WS .
X, =V AOKRBIMCBHELIc=—1) » e K
$z, MR8 0.28mmCu o VA IV, BYREE
EfE2m, Mm% ofRHY Li-5an50%
IERBIEMRE % R D, BHEREOFIEREL
T, & OEYENIBHRIEEL .23 CTh ok,
BTk 1.8 ETh Y, ToOMEH & bhrko
BHDZLEBEDTVS, ElSET?Y, AGEE
DERRSTCEE LM 2 —3e L B & &L,
il Te < BBET U ic & oI R 448 8416 ,000R
E LTl RIS, 1.6 W3 ERHLT
5.

0 X5 R I U T S AL o 64
HEAVNE G E WS 2 L0k, BERTEELAE L D
ZETHY, BHBBRROER TS TR T
&, BRHHMELELS.

VERTIRSH R R BRI W e A D 4
ELT, @HEP I ROEFIEHBLTCNS. F1
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