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STUDIES OF SIEVE IRRADIATION
Inhomogeneity Quotient and Biological Sieve Effect

by

Jiro Nakatsuka
Department of Radiology, Kyoto Prefectural University of Medicine.
(Director: Professor Dr. Hiromu 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.

The IQ is a high value on the surface, which decreases zs the depth increases, and the lower the 1Q
the less the biological sieve effect ratio (BSER). It is generally considered that at the depth where IQ
becomes less than 2, there is no biological sieve effect (BSE). There are only a {ew papers demonstrat-
ing the relationship between IQ at various depths and its related BSE.

In this report, the author studied the relationship between BSER and IQ of 0 cm. (CO-60, 0.5 em.),
5 cm., and 10 cm. depths evaluating the LD 50/30 and median survival time after the whole body irradia-
tion. The probit analysis was used to estimate the experimental results.

1. X-Ray sieve irradiation

414 male mice of the d.d.Y. Strain were used in this series and were individually fixed in a plastic
cylinder to keep them from movement without anesthesia. An X-Ray sieve made of lead 2 mm. in
thickness with holes 2 mm. in diameter, and an open area of 40%, was used.

Toshiba KXC-18 type unit was operated at 200 kV, HVL 1.2 mm.Cu. The focus-skin distance was
40 c¢m., and the dose rate was 92.0 R per minute. The animals were divided into four groups: Group 1,
0 cm. depth with conventional irradiation, Groups 2, 3, and 4, 0 cm., 5 cm., and 10 cm. depth with
sieve irradiation respectively.

IQs calculated by the Schréck-Vietor method were 6.8, 2.2, and 1.8 at 0 em., 5 cm., and 10 cm. depth
respectively. ‘

As the results of this experiment, the LD 50/30 of these four groups was 432 R in the 0 cm. depth
conventional irradiation, 547 R in the 0 cm., 516 R in the 5 cm., and 481 R in the 10 cm. depth sieve ir-
radiation. BSER was therefore determined to be 1.27, 1.19, and 1.11 at IQ of 6.3, 2.2, and 1.8 res-
pectively.

The median survival time with 600 R X-Ray sieve irradiation was 24.7, 17.7, and 14.8 days at IQ
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of 6.8, 2.2, and 1.8 respectively, compared to 10,9 days with conventional irradiation.

2. CO-60 sieve radiation

382 male guinea pigs of the Hartley Strain were used in this group, and were anesthetized with
Pentobarbitur Natrium Soluion (2 mg/100 gr) ip.

The CO-60 sieve was made of lead 46 mm. in thickness perforated with cylindrical holes 10 mm.

in diameter. The open area was 55% on the source side, 459, on the animal side, and 50%, in the center.
Details of structure and dose measurement of this sieve were reported before. (Maeda and Yamada,
1962; Maeda et al, 1964) The dose rate was 28.0 R per minute:,.and source-skin distance was 60 cm.
The animals were divided into four groups, that is, 0.5 cm. depth with conventional radiation, 0.5 cm.,
5 cm., and 10 crn. depth with sieve radiation. Qs measured with a fluoroglass dosimeter by Maeda and
Yamada (1962) were 7.8, 4.5, and 3.5 in 0.5 cm., 5 cm., and 10 cm. depth respectively. 'The LD 50/30
of these four groups was 560 R in the 0.5 cm., 502 R in the 5 cm., and 481 R in the 10 cm. depth with
sieve radiation compared t0o405 R in the 0.5 cm. depth with the conventional radiation. BSER. was
1.38, 1.24, and 1.19 at IQ of 7.8, 4.5, and 3.5 respectively.

With 625 R CO-60 sieve radiation,
days at respective 1Q of 7.8, 4.5, and 3.5 compared with 5.9 days following conventional radiation.

the median survival time was prolonged to 19.6, 13.8, and 9.1

In the above two series of experiments, it was recognized that the BSER, relative to depth, attained

higher values as the IQ) was increased.

The CO-60 sieve radiation had a higher value of IQ at each depth and a greater BSER than the

X-Ray sieve irradiation, so that the CO-60 sieve therapy was found to be more suitable for the treatment

of deep-seated tumors than X-Ray sieve.
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28% == Tubus Containing Mice
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Fig. 1. Geometric Arrangement in the X-Irradiation in Mice and in the

CO-60-Radiation in Guinea Pigs.
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Table 1. Inhomogeneity Quotients of
X-Ray and CO-60 Irradiation

Dﬁ:mt;l | (vL: R ou. y|  coso
0 6.8 0.5cn 7.8
1 4.0 7.0
2 3.2 g 6.6
3 | 2.7 1_ 5.7
4 2.4 ' 5.1
5 2.2 4.5
6 2.1 4.3
7 2.0 4.1
8 1.9 3.9
9 1.8 3.7
10 1.8 E 3.5
15 | 1.4 | 3.1
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Fig. 2. Survival Rates of Mice Irradiated at Oc-
m. Depth with Conventional X-Ray Method.
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Tig. 3. Survival Rates of Mice Irradiated at Jcm.
Depth with X-Ray Sieve Method.
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Fig. 4. Survival Rates of Mice Irradiated at Sem.
Depth with X-Ray Sieve Method.
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Fig. 5. Survival Rates of Mice Irradiated at
10em. Depth with X-Ray Sieve Method.
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Fig. 6. Probit Analysis of the Mortality at 30
Days after X-Ray Irradiation in Mice.
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Table 2. Relationship of BSER to IQ at
Various Depths according to LD50/30
following X-Ray Irradiation.

Method | Inhomoge- | LD Ran- | Biological
& Depth | neity 50/30 S Sieve Effect
(cm.) | Quotient (R) | 8 Ratio
563~ P
0 6.8 547 531 1.27
Sieve | 5 2.2 516 | ¥ 119
515~
10 1.8 481 448 1.11
443~
Conv.| 0 —_ 432 121 1. 00
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Fig. 7. Survival Rates of Guinea Pigs Irradiated
at 0.5cm. Depth with CO-60 Conventional

Method.
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Fig. 8. Survival Rates of Guinea Pigs Irradiated
at 0.5cm. Depth with CO-60 Sieve Method.
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Fig. 9. Survival Rates of Guinea Pigs Irradiated
at dem, Depth with CO-60 Sieve Method.
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Fig.10. Survival Rates of Guinea Pigs Irradiated
at 10em. Depth with CO-60 Sieve Method.
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Fig. 11. Probit Analysis of [the Mortality at 30
Days after CO-60 Radiation in Guinea Pigs.
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Table 3. Relationhsip of BSER to IQ) at

Various Depths according to LD
following CO-60 Radiation.

Method Inhomoge- | LD Ran- Biological
& Depth | neity 50/30 | o ""| Sieve Effect
(em) | Quotient | (R) | ® Ratio
= - 587— :
0.5 7.8 ‘ 550‘ 533| 1.38
Sieve | 5 ‘ 4.5 ‘ 502 1 532.5 1.24
‘;I {;20'_
10 l a.5 | 481 [ Y4 119
| 5 425—

2. hE&%ERHIC2VT (Median Survival
Time)

VERBETRE USRS 0 cn, #EIRSfOcm, Sco

BN, 10cmiZEH) @ 600R, °Co JZSHHE (My&siR
BF 0.5cmEHET, #HIEALT 0.5cm3s, 5 cmifEl, 10

coifiR) 1 625R T ely—REMEST L, 30H M 0fE

MEREZEL, 0% ET 5 B AR ow

Th i, ZoffE, FHERERY (Probit),

BB EEEZ X (log) & Liz.

B TRRLZoZ L EERENLBR, &
OEHR X D ROFER % 2 7.
PSS, 0 cnfEif
Y =5.12374+8.3225 (X —1.0539)
AEIRST, O culE ¢
Y= 4.701+3.4344 (X—1.2370)
#ERRSS, 5 el ¢
Y =4.8167+3.2533 (X —1.1908)
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Y =4.9590+3.0355 (X--1.1711)
S0% BT BT A B, thfh

WRERRST ¢ 0 cniRHER +

RS ¢ 0 cnifEdD :

RSt ¢ 5 cniEED

HEIRAT ¢ 10cmiEH ¢
Eleh.

10.9H (10.2~11.6H)
24,70 (21.1~28.8H)
17.7H (15.8~19.7H)
14.8A (13.9~17.2H)

OCORSRETIE, EISE b bhicERx,
WS ( 0.5cmEEE)
Y =5.2053+5.6349 (X -—0.8261)

sof

Lo By T =
T T T T

=]
=
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=
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u
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Fig. 13. Probit Analysis

of the Mortality of 625R

Irradiated Guinea Pigs with Co-60 Method.
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@St ( 0.5cmiFED)
Y =4.512442.8947 (X —1.1237)
MRSt (5 comi)
Y =4.6258+2.4615 (X —0.9891)
i lEE (10cmZE4s)
Y =4.9006+1.8622 (X —0.9591)
THh5.
S0%FETHENY, ThiEh
Py4efEgt : 0.5emiZ%EE : 5.9H( 5.0~ 6.9H)

#EIEAT : O.5cmiFEE : 19.6H (16.3~23.5H)

FHRBS © 5 cmZES : 13.8H (11.7~16.4H)

FRES = 10emFEB 0 9.1H ( 7.9~13.373)
Einh.

WIEL b UICEE

VM BSRE R IR & b\ & ol &
LT, £ME™ (1959) 13 ko 3 H% 596 LT
5.

1. EEmMRE VWb BA L ERL, Thic
& fe o TR BN 5 .

2. BT X 5 E50ER, WRBsE
ORTEETH Y, KRS X AR
BEHT 2 AVWCIBST 5 Z LN ATHE & T2 .

3. YRIEWHEL: (Therapeutic Ratio) 3 53
5.
0Co F 7 ILEBEIE VHREEE O BIR b V0 B
Bz X oT, pivbhik, BETHYEE VIR
CXHEEDKMESELYEETH - Licl, B
HERECRKEOBMEE S5 - LR Lo
oo LicpioT, kol vz bbb
XY, FEESY B LD, KED VR
ZRHL X 5 LT AR, bulEEod
DEIEOTLEDRDTHS. 0L SiCEic.
BT HEHEOMEY Y 0AFE ZNL, BEE VT
fotk %Co o v RIEEIT B 2 TR FV 5 24313
T, bhvbhat 9Co 1 X %Rz @ES
SN, RS EIRSHC X 5 K OR A
CHHDOTHS.

Becker et al (1965)%, (1958)%1%, ®Co o 7v
WEHE, ~—x— e vickaEEE VE, T
WETFRRRCTh E Rl oA ERL L, 5L

9 —
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R RANELEA L 5. iz ©Co
FIRAHE W RO RAEMSRIC Avbhs
b, WifEOED, IREREZ oo EEmER L,
FTRUFEIDBVWEI LT X b, B0 2k
EHINER N B Th Bz, BHEO B
ZEIlFHD—oTH B IEDRIED, BHikTE5 &
DT 5. Ll Schoen?® (1959), Kuttig?

(1965) WHSEDOKMIER D X 5 iRtk o d o
TR, MR L SR ETRR
SHEIARES ThoT, WHET oS,
JRA S IcBBER X b oMBISI R A T 5 =
LI TERWEWS,

Mauderli et al28 (1960) @jkm%ﬁg-@%ﬁ
DIDE, 3HEOBEHIRER, 4AMomiitea
HEET 12fFHD “Co # % HIfFL FHL T
5.

FIRARRC B3 2 B BI2E D — o T d % RS
BRTFoMECBL T, #2008k nby, -
NP L TR TSR TORIEZ L T
BB . FHEOWT BREREEC L 54EM500%
RICBIL TL, ZD% L BEEB ST 5ERe
DWTHIRL T B AL, TEJLEEHVN SRR
ot Lo i o R b 4 - S A AR SN B
BT, B (1960), FRigfh2e (1963) o4
DIFNTITEL Rl bt oThs.

Becker et al® (1956) I8N = A D (f;ﬁﬁj(%ﬁ‘lﬂ"
TEdmm, TOFFEE40%) b By, 200KV, 2
J& 1.1mmCu o VT35 ¥ MT L D50/30& % %
b afiirTich 600R ¥ &R L, R
HHEI0HMIC o LR, MGy W@t
ML, 30H B oEFRINEFIHC T35,

L BHLOOHFENEL, FioMEEIC s\ T bR
HEOT VBRI KTH B LOXT 5. H
T, W™ (1959) 13 1.5mm$p/E, BHRGHER 2
mn, HHE40% o VA OfE L by, v AR
FVEIRET T e 400R, 450R, 500R %,
MBS T1300R , 1400R , 1500R (Zerh) %
ThTh&eHy—HREHL, 30HMOEFER) b4
PEREHRIEEZBRH LT 5. oS Re%R

BAREEHHBEQHRE #2068 WMo

FREC X % 400R & #HIESHEC X % 1300R T3,
PR 1.3X bK<, 450R & 1400R Tt 1.2
I D, B500R &1500RTIEl1.24 X DiEis &
SHEREEC, MREI1.24x v 1.3k D
K<, ELET 1.275CH 5 LIEL T\ 5.

Lane et al'® (1960) (X[Ef%6.35m, TAHGH: 1
: 1.50 %Co #irdH\ T, <V ALE—RR
Ha Bz, LDS0/B00GES L L, HHg
& BRI U, SRSEE T121880+ 100 R Hy4s
JREHETIX T75+£50R THo T, MH oML 2.4
P1THBHEND,

% o BRL o RS oty AR BT 5
i, Toffiix 97RTHD LHEEL, BEE
DD RICHiOEMENFRIT1.27: 1 THB
EMELTWS . Z ORfETEE 0ERESFEL.38
WCHEZT 2 e RS, ZhiudERTM & L
THWIC= Y A5, @HOMBGRORE Tl bR
T, INEFTEFITodie, TN ELY H BT
KE LoD Tl tFELBRA.

o?ﬂ%ﬁ@%ﬁm,vﬁkawmsmoag
LT, EROTNEEREB LTI, 774
Ve wmYrEREO Firk{zticky, 5
cn, 10emOBFEFEFER L iciced, £BHHBERC s\
THERL—TrT5 0 CEhote. T
b VEEFTIE, H% - 109R/min, §50 cn—44
R/min, 5 ¢cn—25R /min, 10cm—13R/min T b ,
©Co BCix, #4528 .0R/min, f 0.5cn—14.8R/
min, 5cn—11.1R/min, 10cp— 7.7R/min } /¢
DTWBHDT, ZhbOffiERo ZEDFERE T
F XETHECO WL E N L 5 0BRSS
DT, WD X 57eEEy, TLCEML TR
e,

Vi ( 200KV, @ 1.2mmCu) 2 4 B
T, RFORERLIBIE—ERCT 50, B
iR JOBME ST, s 5 iiE
E#26.6R/min, k., = 0§y 8.8 HMT5 236
Rminp g o% 25U, =W AL 500R % £&H—
RS L 30 B Ml o2 B2 L i,

FaEsR

ARE PSR 236R/min

= 10 =
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BH RS 10cnBRE _

OB Hylms 10y J 26-OR/min

0B DAEFEL, ARB8.1%, BRS5.5%,
CH#46.7%C, A, B, C3HoMicizAEEY
BEDBZENTERDI. DX 5 IfESE
DB 2Tk Fowler et al™ (1960) i
AHbh, 230KV, 2L{fifE 1.4mmCu o V%
Lbu, BEEER65R /min, 345R/min, CEE 0K
JG& L b3, F7295R/min, 10R/min ¢~ A®D
LD50/30% L BT, WERo ezl s
ENRTTEBMEL TS,

L Eo#isE Y b, HEEOR I InotEROKE
R RERERE OTIx, BRR0ZEC X
D AMFNIREY M T EnTEB L EL
5.
PO L EERER Y b, CCofBE T3,
10cn#FH NS I\ Tl s AR 3.5% R 1L, »o
L1904 R ILR B D L5 Z ki, B
EHESC Z ORSHEXY v b Z ek b, JEE
Aol oRFELINFGT s o EnTE S T
ERRLTC5., F7z, Ebert et al® (1958) o

HoZ L, MRS » TR EmE (ks
fifi) < ST FWE (S ©I7H 8
CEWTEDROWTHAEER L DR B DT, %Co
i BREBHE IR DRI IR TH B L\ 5 E 2
FBHE D IzoDTH 5 .

bhvbitoFEic Tk, T 150FIL Lol
BT oW THEIBSE Y AT LTw AR, £
DRIk O—7 V= » 7 DX h L

LTI\ iny . BRiC B EE o IififiHe: o Fsd
ZRDITNEWIHEEIEE L T L.

Lo LEIRscBL T, RRod Db 3¢
e, BEFEROER, KBICKT 5
HoERE, SEOVERC bRt on
MHEVEIRTWS,

wmOW

Z OBZED BT 1 IREHE T 105 LR
&, TOEMFNERGHREE S DB EHD. E
By, VEOBATR =Y AR b\, ©Co T
LELED P RER L. BEERHhT X R

973

FaIME L U, WIBHETIX0cn, S5cm, s XU
10cm D L D50/300DFE: %3k 5 & & bz,
Vi 600R, %Co T 625R %4 —IFIRE L, 50
ZFECHE R L &,

1. LD50/30iX, VHRIFVEIRSL T 432R,
MRS 0 on (CRPVEERE 6.8) T 547TR, 5 cnifEil

(SEY%RE 2.2) 516R, 10cmiEds (FHyZps

1.8) T 481RTHote. LA EOKRE L h4HmiE
REishREERD B &, FhEh 1.27, 1.19,
1.11& 7%,

2. %Co YyEMAH T3 L DS0/301%, 405R,
fiRRs 0.5cnlf CRYY4EEREE 7.8) T 560R, 5
culE (RSEEE4.5) T 502R, 10cmi@Ed O
WEE 3.5) T 481R &1s b, AWransiE
%, 1.38, 1.24, 1.19TH-T.

3. 50ZFECHE W VIRIBH Tk RS T
10.9H, RS 0cieT24.70, 5 emiEHNL17.7
H, 10cni®Ei#R14.8H TH 5. “Co WG CiraHyss
fRST 5.98, MRS 0.5cnEEBIX19.6H, 5cn
Hi$13.8H, 10cniFE 9.1H ThH iz,

(B oEEIE, 19654 m — <iiicis T PIME 2
NI ERE B RFSCTRELL, )

% #

1) Barany J.: Die Bedeutung der Gewebsrege-
neration bei der Rasterbestrahlung. Strahlen-
therapie 108 (1959), 460—465.

2) Becker J., Stodtmeister R., Fliedner T. und
Kuttig F.: Experimentelle Untersuchungen
zur Frage der Gitterbestrahlung, Strahlen th-
erapie 101 (1956), 272—277.

3) Becker J., Gudden F., und Kuttig H.: Sieb-
bestrahlung mit Co-60-Gammastrahlen. Stra-
hlentherapie 105 (1958), 623--629.

4) Becker J., and Kuttig H.: The Use of the
Grid in Supervoltage Therapy. Progress of
Radiation Therapy 3 (1965), 50—67.

5) Cohen L., Shapiro P., Cohen A., and DE
Moor N.G.: Experimental Radiotherapy of
Abdominal Cancer, 4. Radiosensitivity of
Liver Tumours. Brit. J. Radiol. 27 (1954),
402—406.

6) Ebert H.G., Finke H., und Sigmud R.:
Dosisverhéltnisse bei der Siebbestrahlung
homogener und inhomogener Medien. Fort.
Rontg. 88 (1958), 109—114.

7) Fowler J.F., F. Inst. P., and Lawrey J.M.:

— 11 —



974

Dose-Rate Effects on Mice and Rats in the
Range 2 to 340 Rads/min. Brit. J. Radiol.
33 (1960), 382-—388.

8) Haris W.: Recent Clinical Experience with

Irradiation through a Grid, Radiology 58
(1952), 343—350.

9) Jolles B.: The Reciprocal Visinity Eflect
of Irradiated Tissues on a ‘““Diffusible Sub-
stance’ in Irradiated Tissues. Brit. J. Radiol
23 (1950), 18—24.

10) Joyet G. und Hohl K.: Die Histologische
Hautreaktion in der Tiefentherapie als Fu-
nktion der Feldgrésse ein Gesetz der Strahl-
entherapie. Fort, Réntog. 82 (1955), 387—
400.

11) Kaneda H. and Kondow R.: Some Studies
about Sieve Therapy. 2. Upon the Histolog-
ical Studies of Vessels. Med. J. Shinshu Un-
iv. 1 (1956), 249—255.

12) &mEL: HiS % o &R,

(1958), 614—636.

13) MaL « GREE, BURERREOER (B
W REAL)  (1959), 509—534.

14) @M, ST HRNEOMELTH 5 B

WERTE2WT, EFES, 14 (1959), 270

—276.

Kaneda H., Maeda M., Oku T., und Tani-

kawa K.: Klinische Betrachtungen zur Sieb

bestrahlung. Strahlentherapie 124 (1964), 366

—371.

Kereiakes J.G., Parr W.H., Storer ].B., and

Krebs A.T.: Effect of Partial Shielding by

Grids on Survival of X-Irradiated Rats,

Proc. Soc. Exper. ‘Biology and Medicine 86

(1954), 153—156.

MEREHE WS T 2B T R OF

24), HER &3, 16 (1956), 1069—1079.

AT, BW o GFIRM BT 53

Big (#124), BBk 4EE, 18 (1958), 1419

—1422,

19) Lane J.W., Mauderli W., and Gould D.M.:
Biologic Effect of Grid CO-60 Radiation.

HIEH &8, 18

15)

16)

17)

18)

HARESFHSMF SR #2268 HsE

Am. J. Roentgenol. 84 (1960), 681—636.
Maeda M. and Yamada C.: A Sieve for
Telecobalt Therapy. Nippon Acta Radiol.
22 (1962), 965—971. (Japanese)
Marks H.: Clinical Experience with Irradi-
ation through a Grid. Radiology 58 (1952),
338—342.
Markus und Menting: Ro-
ntgenkongress fiir Radiologie. Kopenhagen
(1952)
Maunderli W., Gould D.M.,and Lane J.W.:
Focused Grid Telecobalt Film Dosimetry.
Am. J. Roentgenol. 83 (1960), 514—5109.
Nakatsuka J., Kaneda H., Maeda M., and
Hishida T.: Studies of Biological Sieve
Effects. Nippon Acta Radiol. 23 (1963), 1013
—1020. (Japanese)
Nakatsuka J., Maeda M., Kobayashi T., Ya-
mada C., and Urano M.: The Influence of
the Structure of a Telecobal: Sieve to In-
homogeneity Quotient and Mean Depth Do-
ses. Nippon Acta Radiol. 24 (1964), 395—
403 (Japanese)
Schoen D.: Uber die Wirkung der Siebbest-
rahlung auf Hautmetastasen. Strahlenforschg,
und Krebsbehandlung. Shd. 43 zur Strahle-
ntherapie (1954), 164.
Schréck-Vietor W.: Tiefendosistabellen fiir
die Rontgen-Siebbestrahlung. Strahlenthera-
pie 99 (1956), 452—458.
Schréck-Vietor W.:  Berichtigung zur Ar-
beit “W. Schrick-Vietor, Tiefendosistabellen
fiir Rontgen-Siebbestrablung’ aus Band 99,
452-— 458 dieser Zeitschrift. Strahlenthera-
pie 101 (1956), 158-—160.
29) EWF fo: BERERAM BT B EEBTE OB
165%), BEB£EE, 20 (1960), 1193—1204,
30) AN ¢ G BT A M B R O
6 ), HERK &%, 17 (1957), 1443—1458,
31) ANl--% : B EFEF M s (51 #H),
HEI £, 20 (1960), 885—396.
32) Fll—k : WETFEFCMET 2R (652 H%),
BEk 4358, 22 (1962), 972—978.

20)

Internationaler

22)

23)

24)

(=]
ol
st

26)

27)

28)




