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Experimental Studies on the Intrapelvic Dose Distribution and
Absorption in Bone of 200 kVp X-ray and B¥Cs ¢-ray

By

Takeshi Yamazaki, Yasushi Shigematsu, Kazuo Miyata,
Norie Mazaki and Masashi Kanemitsu
(Department of Radiology, Osaka University Medical School)
Akimune Hayami
School for X-ray Technicians, Osaka University Medical School
(Director: Prof. H. Tachiiri)

Studies were made of practical arc or rotation therapy performed on many cases of
bladder tumor in reference to clinical and experimental data.

Subsequently to the experimental work reported by H. Tachiiri et al.; Urol. int., 12,
111-121 (1961), the present study was pursued with dose distribution of the intrapelvic
area in terms of the presence or absence of the bone concerning rotation, arc and con-
vergent arc ‘‘ Konvergente Pendelung ’’ irradiation techniques with conventional 200 kVp
x-ray and B¥’Cs ¢-ray, for the bladder and parametrium. Small thimble chambers of
Victoreen and Toshiba were used in these experiments. A dose-rate meter, an electronic
recorder and automatic chamber driving machine were concurrently used, by which a
momentary dose rate fluctuation during rotation of the source was recorded continuously,
while the momentary dose rate was integrated by servo-mechanism. The phantoms used
were a corpse and an acrylite-pelvic bone-water phantom of a standard male Japnese size.
For the pelvic bone, a macerated dry pelvis was used as phantom-bone after having been

‘soaked in water for many hours. Various experiments were carried out to solve the

following problems, how the momentary dose rate or the integrated total dose may
be influenced, how the maximum dose point or the shape of isodose surfaces may be
subjected to changes by the pelvic bone, depending upon the irradiation techniques, e.g.,
field size, pendulum angle, and how much the reported data for dose estimation, such
as tissue factor and others, may be reliable for a clinical practice.

On the basis of the results obtained from these experiments, considerations were
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made of the absorption, scattering and screening of x(¢)-ray centering in the presence
of the pelvic bone. Discussions covered the method of calculating intrapelvic depth dose.
Comparative discussions were made of various irradiation techniques for the bladder and
parametrium with 200 kVp x-ray and ¥Cs ¢-ray. Special care was taken to pursue on
exposure dose to the skin or the femoral head, i.e., a critical point, as well astoa
phenomenon in which maximum dose point takes a form of extremely constricted sand-
glass or separates into two spots. What was dealt with covered experimental errors being
liable to occur, the problem of reproducibility of experimental results and the concept of fresh
bone, in addition to size and shape of the phantom for human body.

A. Experimental.

1. In the phantom experiments concerning the moving beam therapy for the pelvic
Tegion, much room was found for experimental errors to intervene.

2. A thorough examination should be required, covering the size and density of the
phantom as well as pelvic bone specimens.

B. Stationary Beam Therapy.

1. The attenuation of depth dose related to the absorption and scattering in bone
seemed to be smaller than anticipated even for 200 kVp x-ray (HVL 1.44 mm Cu). %7Cs
«-ray showed an attenuation similar to that in water.

2. B4+W/W ratio (the ratio of the depth dose with and without pelvic bone) for
lateral irradiation, resulted in the largest attenuation for the standard Japanese, was
0.94 (B1) and 0.89 (Ut) for x-ray, and 0.99and 1.00 for ¥Cs ¢-ray, respectively, with an
average field size (4x4 ecm2—10x10 cm?2, and so forth).

3. In case of x-ray, the ratio was slightly smaller for the parametrium than the
bladder.

4. From the measured value of B+W/W ratio, mentioned above, the correction
factor—absorption and scattering in bone—for the table presented by Dr. Wheatley et al.,
was sought. And, from both this table and the bone/water total linear absorption coeffi-
cient ratio computed by many writers, the method of calculation of the depth dose for
an optional point in the pelvic cavity, was introduced.

C. Momentary Dose Rate Recording. .

1. Eoth in case of x-ray and ¥Cs ¢-ray, the recorded curves may be accompanied
by some ripples due to a complicated structure of the pelvic bone (partial difference in
the density and thickness) for lateral irradiation.

2. Several ripples were observed similarly for both bladder and parametrium.

3. The magnitude of the ripples was less than 2-4%, the percentage being slightly
larger in case of the bladder than the parametrium.

4. In case of ¥Cs r-ray, the peak of the rippples was always above the level of
the curve for the water phantom.

D. Tissue Factor (Ft).

1. The Ft value of one arc ‘‘einmalige Pendelung ”’ at a position of the axis on a

pendulum plane for the standard Japanese, was 0.94(B1) and 0.93(Ut) in case of x-ray,
and 0.98 and 0.99 in case of ¥’Cs r-ray, respectively, when both the data on field size
and pendulum angle were averaged.

2. Similarly, the Ft at a maximum dose point was 0.94(B1) and 0.93(Ut) in case of
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x-ray, and 1.01 and 0.97 in case of ¥Cs ¢-ray.

3. In case of x-ray, the difference between the calculated dose and the measured
dose of moving beam therapy, even when the pelvic bone was removed, amounted to
about 10%. Thus, together with the correction factor due to the absorption of a treatment
table, the error in the method of calculation might exceed Ft.

4. The practical value of Ft, including the error in the method of calculation, may
be 0.88 for both Bl and Ut according to Dr. Johns’ table, and likewise 1.02 according to
Dr. Plesch’s table.

5. In case the dose is to be strictly corrected with Ft, there is a need of indicating
an irradiation technique and the calculating point.

6. In case of x-ray as well as ¥7Cs y-ray, Ft=1.00 may be considered to be permis-
sible in clinical practice.

E. Isodose Surface.

1. In x-ray arc therapy for the pelvic region the maximum dose area might be
divided into two separated spots, even with beam of HVL 1.44 mm Cu. Such division,
however, was not so remarkable. ]

2. The division was avoided by a 2 belt convergent arc technique. So far as dose
distribution is concerned, multi-belt convergent arc irradiation is superior to simple arc
irradiation.

3. The division may be explained more or less quantitatively by a fact that the
attenuation of exposure dose depends upon the absorption and scattering in bone at
various points in the pelvic cavity. .

4. In case of ¥Cs y-ray an isodose surface, which is approximately identical with
that of the water phantom for x-ray, may be obtained even when the pelvic bone is left
unremoved.

5. When the multi-leaf (7 leaves) collimator system was employed, an isodose surface
which corresponds to about 4 cm field width of x-ray, may be obtained with minimal
field width even in case of ¥"Cs 2 kc unit (Source diameter 32 mm). Therefore, so far
as dose distribution is concerned, ¥7Cs ¢-ray is not inadequate for moving beam therapy
for the pelvic region.
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Fig. {17, Photograph of the acrylite-pelvie bone-
water phantom.
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Fig. {23, 10 body contours to show the variation
of cross zectional size of the human
pelvie portion en the plane of bladder
center.

Fig. (3). Routine radiogram of the acrylite-pel-
vic bone.water phantom. D-V projec-
tion.

Fig. (4). Similar to Fig. (3). Cranio-caudal pro-
jection.
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Table (1). Density value of the bone reported
by many writers.

Compacta
Gray® (1953) low 1.90
Jacobson'® (1956) 1.85
Rauber® (1955) frisch 1.93

(Wetzel) 1.88
mazeriert 2, 14
Spiegler u. Keane®” (1961) | Menschl. 1.9
Ochs -priparat-2.1

Triibestein®™ (1960) Femur 1.47+ 0.6%

Tubiana®*”? (1958) 1.85
Spongiosa y

Haas'® (1957) 1.24

Jacobson' (1956) 115

Spiegler u. Keane®® (1961) -living -1.28
General

Ellis & Jones®*" (1957) vertebral body
bulk of this bone 1.1

more anterior portion 1.4

Failla® (1921) Ribs & Spines 1.15
Gest®” (1959) Mandible 1. 65
H-Wirb. (Atlas u. Tth) 1.45

Wing of the iliac bone 1.3

Grashey” (1953) Knochen 1.9
Haas'® (1957) fresh skull caps 1.53—1.92
(1.65)
Joyet*” (1953) Knochen 1.5
Krokowski' (1959) Knochen 1.5

Nahon® (1957) average cortical & cancellous
125
Spiegler u. Keane® (1961)
Menschl. Femur 1.19
Mittel phalanx 1.15
Finger -living- 1.2 -
Menschl Ulna 1.13—1. 27
Spiegler u. Keane®® (1961)
" Elfenbein -priparat- 1.74
Spiers®? (1946) Femur, as powder 1.85
Femur, cut section 1.87
Femur, animal as powder 1. 95
Triibestein®” (1960) Osteoporotischer LW-
korper mit Periost 1.144 +
0.85%

PLDELE ZhAb0HEEEORMNTEEZ X
(5) 12RT. HEXEERER L KTEELLHE
HEN3., BAES ~6BzES &+ 1%L
D B0 E TEEMEICETS. ZOBDEEDE
BHEIXL 41 ThHo7z. FE (1) HHRTHID
EEFROLEE LTHYTHY, LROKRSE
ENLVEILNBETHS. OTHBRENE
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Fig. (5). Increase of the pelvic bone weight and
density during soak in water,
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Fig. (6). Schematic view of the irradiation technique used in experiments. Table shows the
distance between axis and maximum dose point.
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Fig. (7). Cross sectional view of the measuring
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Fig. (8). Similar to Fig. (7).
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Fig. (9). Sketch of radiocystograms of 10 blad-
der tumor cases to show the variation
of size, shape and location of the blad-
der and pelvic cavity.

DRIGCRL, BEXFRIC D 2 Rohs ok
Y55, BARTACLEHHES EIMCELN
3. L LInbick 2B EEmO
BN EEHR, EAFNE EEERTA . RSt
R BEDEMTIE 812 b o & % EVIRRECIAEET 3
SEE L,

G. HEBhik

KBy (F) BB XUEERNrEL 2 2,
BEB L UHHRE 2, KEFOFECOWTRH
U B e Lye. 1 EQEET 5 5.

%8 (R) :3EK Phantom #asa Loy
BAZE U, SEESARRE FRRCEERS Ls, Eik

BEEX 0.093 (XA, 0.092 (BCs) RPM<TdH

5. BREOWINEES, 1EHEMETHS.

%28y (P) :Acrylite—& B —k Phantom i
EAMEORERC, HilEATFICERY oY b 3.
TED THREES OBIIE 72,

(Pa)  BERpAR RO G — X Tk BT
—F#, WCs TRHETHS. IHEAIRIZOW
T, AR 22, B+ Wik Z » Phan-
tom AOELTEHER, Bix Phantom 257k
T\ 720 {E, % L TWiE Phantom & 55 %
SLTKRZHT LB AOMETH 3. B+W/W
K E0FEC X 2R L2EDT. D2
—HEDHERE LT, X#, ¥Cs L3BYRE4

AARE FHATME SMRe #28% M1 5

MR RE L7, 2B Z0HEHBC SV CH
FULE 21TV, B BEORGARE b kD T\ 3.

(Pb) ###MAM (LT Dmax) 125 35
HiiE—6~9H o fs, E£FAD MAaEbEI
DWTENEND Dmax 125} 2iEF—2 3
OMFRE (r. LITHEMR) 2 ERoskE:l o
#T 5. X, ¥Cs b A, W, B+Wo3F
e —MHOFERMEEL LTLS5 BARERNE L. &
$ Z® Phantom (kD ADHE) 120 TEEs
DEEEDN BBV L - WO SHEE & 3 Higk
LT3, [EfEmEEY 0.093 (X&), 0.100
(%Cs) RPMTH3. 5 (Pa), (Pb) Tix
TONENREL, 3HACDh 7 3 e
Y, ZOMBREEOMIERICELHLIEL
B2CELBIL, Thtay bu—LT3HNT
e LToMSEERY 4 (5) ARELED DT
b5,

(Pc) ssigfidiiii— =~ OEA IS 328 S8
(1 REHRITOWTH 4004, #BET#94800,4)
Todb, TR (1580) Dmax Iz
72T BBECHEEI NS -0FEE LT 1 g
FEMETHS. HMEFKT Recorder X EfklE
(2@ ERH) T ko7 [EEHEE0.56 (X
#),0.46 (¥"Cs) RPMT#%. Phantom [
TOEREAE, HESCBET 5 Geometry 135
NTHREGR R LT 3,

H. SERREROFHR M0

IOETELD ¥ L 3L HlfEh cofk, &
MEFDZE 2 FIHEIC 72T 2% TED LY
NDTHY, FAZE LI THED IR FEC
T 3% ETED LV DTHS.

1 BRER: 102 (HE) REFOBEEZMA
HROE10%EAHRE NS, SEREEEE S
T Recorder # fiv~THH[9 3 &, 87Cs Zzrh
AREOWEE (24ED) 12 BT, HEROELS
EWRARLI0NEETH O, RICZOMERE
& Victoreen !t OfEFEE (X#) 2475 &,
10~50r/ 53 DHEM T, ZOBIERENX0.91+0.01
LY, FWERISETIEAMED £ 15082

= BB




BRF1384= 4 H25H

Victoreen ® 7 ¢ L {—F75%. ZhiH~T

2l Phantom % 47 21, FEOTH (K
#i, EARAHE, WA Anb b, ¥Cs izow
T8 DWE T/ AR I5%HRENILDE L7
o7, EE (P) #BUTE (k) iX10~15
(7~11) °C, Z'Fix 998~1028mbar DFEFET
Hot-.

AT o8 mP S Stem leakage®) 2 E L,
SHRER & W E CH R L7z, WEaR0R
WEIEE 100+ 5V, [EEHhisHED bE
FAED £ 10% LN THA L7z, XBOBAIHEIC
WL, kKVp, mA F Dl & LB FBHH
ELUELER L. 0L MELTH, EiF
2N X BZedhigiROLERNE, 1807 HRT—EH
DT 2 Flc o T, K4 R0 REIEET
2~5%D\E5L D% i T. I 7EROEE
By Cix[E UBEREE, kVp, mA THE—OXHK
HARMELNE 0 E S 2Eb L\, 2 BEERE:
%% LT, Recorder »~vDEIXH { YL L
e LTB OBERD S, i R0 KEEiekih
i (4~87K) b Fiyffdhint 5 LIRBEET
X, RS- XX 3OS, 0~ 180° O
13fEEL RN DT, 2O KETHRA 4 %LLT
THot-. Acrylite BEIZ k BRI OWANL,
FAREEAE 2 BAME (i fs 4 X 4cm?, P
SHOERE 5.3cm) T 1.8%22) (9Co) rFIHE
ni-. iE 102 (EE) sk it OB 30
~2000keV T+10% & ¥ h T\ 3. JKETIH
LEEALT, HrD4 372X 8EKNW, B+W
e b B LI 7o R fEdR0 2 &, AR
( 0, 45,90, 135, 180°) \Haf L7z, XHR T
Bl:fs4 X 8cm?, ¥Cs ¢k Ut: fs 6 X 12cm?
PHhz o7z, FOEfE & 0~ 180° & SFHL
<, WHI## T+ 3% (1~5%), B+ WHFRT
X+1% (1~3%) Th5.

2. WAL

S ROMBA R T D AAT 5. %
FEYED AEEETH DR, XBOH/INZY
T, 180° RF 1 BEICE T BHHERD
5 [ARHIE 12 DT 642+ 1.5F0°T, FAZEE L 0.1
%R X 7\, WCs DG ASHIRM I ALET,
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BEHEE O REOEF IR 2. TTHENKD %
b M, MR EREE, BENh (ZhdR
K) A LT, LSRR R OE &
DT LD EIHKRIBLT TH 5. RICEISR
WO TERE 217 5 BA, TR & KO
Vb A LT, BHEMES DX E4~6 DK
BTREK2~3%, BEX1%UTTHS. Wi
RadoconZZRVERAE T oW Tk, 2B EIE
¥ 100+ 2 VEECLZELLTY, FHEOMRE
1330~50cpm OEHA T, (B 5 BERE (2~
34MHDEE) 2o TEEE2% (1~2%)
Thot. BB EERA LT, MRS
(A, W, B+W) D% 5 HDEHIHEIC OV
THE L7z T2bbA: 3 X 8cm? 6 X 8cm?,
140~ 220° (X&), W: 6 X 8cm?, 140~
220°, Bl, (X&, B7Cs), B+W: 4 X 8cm?,
180~ 220°, Ut, (X##, B7Cs), O KFHfHIC
OWTEHEER, A:FEH1% (1~2%), W, B
+Web2% (1~3%) Thotz. ELTUHL
fs TIXZADIEEEIW, B+WOLLLITTh 3.
1. BEmEREmiRe T O

A, B (F) : FEERS

B (10) & WCs #JE % fIv T Phantom @
BEBYLDb0THS, BRAPTEHEZ

ol .

Fig. (10). ¥'Cs v-ray radiogram of the acrylite-
femur-water phantom. X.ray film.
Without folie.
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58 AAREZHEHRE MR 28 15
1.0 . < (1 S — =g
K&-"@“CS v/\'ﬂ‘_————c Cs
L X b o X
o (1500md)
05 05 -—vl—
L % 14 cnt
4 l_
1 n 1 1 " L M 1
50 100 50 100 om*
Fig. (11). Comparison between the absorption in bone of '*'Cs y-ray and 200 kVp x.ray,
The inset shows a schema of this measurement. B4+W/W.
LOWHEZNTIETH B2, KB L7851 e P -
. - P T T T R
WBEAERNEETHS. WIEEMIEZ4TS & AOfm gz T P ———
[= -y —

M (1) DX 2ERNMELNSE, 20K
Phantom WNEToH BALE, WEEEE ko
TEDEDOWEERDTMMIEL 2 L 2RET.
Spiers®) i X2 O\ TBAE 28 IBIF &
WRKEWEES P, Haas® LT 175~ 400
kVp O ClIEmIcE Y % 0.5~ 1cm o FfF
GHUCRIRERE LTENE, S TR B0HA
BN AEN B E R RLTWS, I (11)
PHBICTE AWMBIR fs 2EH LT, XTI
ZNENN%, 87%, B¥Cs TlxFN7Z h 98%,
%% LB, WLTZofx fs IERRTE S
2B, XTI fs RRECEREEIAE (H2
AR H 5.

B. 3B (Fa)

Lo B = BN SR s

B (12), (13) WXEATIE BT B B
BMOELOFFRL2BTHS. XEOBEA,
B+WiEWEHTFMIITES, RI2B+WIitWic
HELRGEETHMmAL -, LT Zhiz Bl oF
BULLYIEETHY, I-XBMOBELE P E
BT HIE, ZoMME WCs & X E TAXE A
$, BE#T ki ¥Cs 05 RXAR X W EEREC S 3.
Z D M B ARG 17 DA 2 R TS T B IR
BENELLEZAZ B 282w, LTAREE M

v 30 Iy %0 20 150° D
Fig. (12). Momentary dose rate curves at the
center of bladder. 4 repeated recor-
dings are superimposed each other to
show the accuracy of recordings.
X-ray. Axis field size: 10x10cm®

...... iy — r— e, Bt W nnu—
10F
.5 L.
v 30 S R M —

Fig. (13). Momentary dose rate curves in the
parametrium. (See text) “Cs s.ray.
Axis field size: 6 X 8cm?
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5 a, b, ¢, IUE[FERx, yE471 5.
2. SRHEehsR : & (14), (15), (16), (1) 2]

R
20 s
R
25k N i AN
- / Vs

v 30" 60°, 90° 120° 150° D

Fig. (14). Averaged one of above mentioned 4
momentary dose rate curves at the
center of bladder. X-ray. Axis field
size: 4 X 4 cm®

Jiin 7

Fig. (15). Similar to Fig. (14). ¥'Cs y-ray. Axis
field size: 4 X 8 cm?

Hint X-ray: BI B+W

v 3 45 W0 @ x by ¢l BF B0 D
Fig. (16). Averaged momentary dose rate
curves of * B4+W * (See text) at

the center of bladder to show the
variation with field size. X-ray. .

v W & 04 x byt s ke D
Fig. (17). Averaged momentary dose rate cur-
ves of “B4W ' in the parametrium
to show the variaticn with field size.

1%Cs y-ray.

R mOWE S > & 2 MIET 572012, 4~
S EDFELSbh e foi Lt ZoMMc X
o7, B (14), (15) 12A, B, WEXUB+W
PERL-260CH B, LEOMMIBTRS
BT H 28, ZhrKPICET 2 EFEE»L5D
BEMCBEDR, bThAZMMEFBRTOLER
5. Ut TRACIEAREETH 3. a~bHiNFIC
X BWMEORE I REWE S THS. D-V HFRHT
OBEFEOATE B+W Tl2RB@BD LA
V. XHRTIEB + WHiSI WS & D &L <
WNTHY, BCs Pk fs 4 X 4em? 2B
W, MR-, bx, yRECWHERED L
NVEBATS., F-BifErbFOAITLS
WE E T 5 &, BRI R T, XARik50%,
BiCs 1X80%BEDTE I & 715,

3. RAEB X PR & OBR

B (16), (U7 2 Exn—ErR7 L8, Xk
BiCs 1ZlELT, W, B+Wd fs OHiRE 2D
CERERRE () ORAREETHSB. WD
MR AIFAEOZRL) T X 22 Cs T
BXHZEREL v, F72 B+W/WHEEX
2L, ZOMEXXHMOLE, WHRTL X HhhE
VR, BICs TiiBg 1t L. - XHRTIR
OfEE Ut BB BlL Xy, BEHFRTY
12 TEZL5THS.

4. ASFHAE & OBIR

W 2 b SEHEERRO TR TIcowT, B|E
W5 (0°), 30,45,60° M F, 5 Tida,x,b, v,
c, LT 120, 135, 150° &K, ZEETH

( 180°) MI3AEHLFMD B+W/W 2K
L, Z0O—#%3E (2), (3), (4)TRYT. X
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T Bl Ut &EBFFRAED AEL, 0
SEFG130.94 (BD), 0.89 (Ut) T& Y, BCs Tik
0.99 (BD), 1.00 (Ut) T» 3. bk d K
{£0. 84T Y. 3 ¥Cs TRl X, v BHFE
1042723, Bl TLALFRARED 11T,
I 72X Ut 04, B+W/W Hix fs o
KREFWRDTBR, ZhEBRIE—BB+
Table (2). B4 W/WRatios (See text) of sta-
tionary beam irradiation for bladder. X-ray.

Figures of the extreme left column mean
the angle of incidence.

X.ray ; Bl
4 xalaxs|ax1z6 x 8[6 x12[10 x10]Aver.
0/0.94 | 0.91 | 0.91 | 0.91 | 0.92 (0.92 | 0.92
30[0.94 | 0.930.94 | 0.94 | 0.93 [ 0.95 | 0.94
450 0.96 | 0.94 | 0.95 | 0.97 | 0.95 | 0.96 | 0.95
60/ 0.97 | 0.95 | 0.97 | 0.98 | 0.96 | 0.97 | 0.97
2| 0.91|0.88|0.91|0.940.880.910.91
x| 0.96 | 0.92 | 0.930.95| 0.91 | 0.95 | 0.94
b|0.93]0.910.91/|0.94]0.90|0.94|0.92
v|1.0310.97 |0.98 | 0.98 | 0.98 | 0.98 | 0.99
c[0.94 /094095 0.950.940.95]0.95
120 1.00 | 0.98 | 0.99 | 1.00 | 0.96 | 0.98 | 0.98
135 0.98 | 1.00 | 0.99 | 0.98 | 0.97 | 0.97 | 0.98
150/ 0.95 | 0.96 | 0.94 | 0.97 | 0.94 | 0.96 | 0.95
180] 0.91 | 0.91 | 0.93 | 0.94 | 0.93 | 0.94 | 0.93

Table (3). Similar to Table (2), but for
parametrium. X-ray.

X.ray; Ut

5 laxalaxs 4x12|6><8 6 x12/10 % 10/Aver.
0/0.95(0.94 | 0.94 [0.940.930.93[0.94
30/ 0.95 | 0.95 | 0.95 | 0.95 | 0.93 | 0.93 | 0.94
45 0.92 | 0.92 | 0.91 | 0.92 [ 0.88| 0.89 | 0.91
60 0.90 | 0.88 | 0.87 | 0.91 | 0.84 | 0.86 | 0.88
a|0.91]0.8 | 0.89|0.89|0.85| 0.86 | 0.88
x| 0.91 | 0.88 | 0.91 | 0.90 | 0.86 | 0.88 | 0.89
b |0.88|0.87 | 0.880.90 | 0.84 | 0.87 | 0.87
v | 0.930.91 | 0.91 | 0.92 | 0.89 | 0.89 | 0.91
c|0.88 | 0.90 | 0.89 | 0.88 | 0.87 | 0.90 | 0.89
120/ 0.96 | 0.92 | 0.93 | 0.91 | 0.88 [ 0.92 | 0.92
135 0.99 | 0.97 [ 0.93 | 0.97 [ 0.92 | 0.95 | 0.96
150/ 1.01 | 0.99 | 0.94 | 0.96 | 0.92 | 0.95 | 0.96
180/ 1.00 | 0.99 | 0.92 | 0.96 | 0.93 | 0.96 | 0.96

AAREFHNMFLMER B2 15

Table (4). Similar to Table (2). “¥'Cs y-ray.

157Cs; Bl

5|4 x 4[4 x 8|4 X126 x 86 x12/10 x10{Aver.

0/ 0.90 | 0.98 | 0.99 | 0.97 | 0.98 | 0.98 | 0.97
30, 0.93|0.98|1.000.99 | 0.99 | 0.98 | 0.98
45/ 0.93 1 0.98 | 1.01 | 0.99 | 0.99 | 0.98 | 0.98 |
60[ 0.96 | 0.97 [ 1.02 | 0.99 | 1.01 | 0.99 | 0.99
a{0.95)|1.00|1.02|0.99|0.99 | 0.98|0.99 |
x[0.99)1.03)|1.04|1.02|1.03|1.011.02|
b[0.93]0.99|0.98|0.98|0.98|0.96|0.97
¥

e

1

0
0.97 ([ 1.03 | 1.03 | 1.03 | 1.02 | 1.02 | 1.02
0.94 | 0.99 | 0.99 | 0.98 | 0.97 | 0.97 | 0.97
120( 0.97 | 1.02 [ 1.02 | 0.99 | 1.01 | 1.00 | 1.00
0
0
0

135/ 0.96 | 1.00 | 1.00 | 0.99 | 0.99 | 0.97 | 0.99
150, 0.94 | 0.98 | 0.99 | 0.99 | 0.97 | 0.97 | 0.98
180/ 0.91 | 0.96 1 0.99 1 0.96 | 0.95 | 0.97 | 0.96

W/W iz fs C4ERSR TH 3. Wiz B+Wih
BB EROMMZOWTREE LTRSS, Mo
KEX X, HEZILEATOB+WENETIX
2, FRENIBYBAB+W/W Ho2ETED
XNhB. fEoTEDEHIXAK Phantom DS DEE
HEWZTWT A% TREND. ZOLH TER
L7-MMEERIE, x-a, x-b, ¥-b, y-¢ WU,
fs #FEHLT, XTI, Bl 54 % (2~7
%), Ut 2% (1~4%) Th b, ¥Cs T,
Bl49 (3~5%),Ut 3% (2~5%) BET
»ot. FLTREBIARUL X ohZhKRE L,
BICsRXAd b s K& v, Xfod4, i
BEEENCX2I50%2EL5L, RX ¥is
EXETAER DB BT LAX O F R
BiCs k hAREVHIHNAZ. FHA-REIXRT
W SR AREWIZEAE {, BCs Tix fs &R
BIRTH 5.

C. # #

1. BREEAROEESE (B+W/W H)

DIENBRBE, 200kVp XHRT H BILL 3
MBI ESMNT/ANE v, Wachsmann VB
BFEF O FHHSRE» SFHED L (HVL 1.3
mmCu, 2080 ) FiHOB+W/W 0. 64
T, BRI WETHD. FLCFICEIEL
fnZE(LE, £ (5) OFEFOEHEN HBATL

—_— 0 —
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Table (5). B-+W/W Ratios for various parts of human body, reported by many writers.
Thickness of | Depth of| HV I fs ] Depth of cha
0 bone (cm.) [bone (cm.)| (mm Cu)‘ (cm?.) ’ B+WIW | ber. (em.)
Cederlund® - 0.5 0 0.88 30 0.91 2—10
Cohen* - skull 0 1.06— 1.7/20— 100| 0.93—0.86 4—11
Dutreix®*" 1 F 4 0 2 100 0.67
. 1.65 | 0.5—1.0 0 1.12 48 0.91—0.85 4
Haastt 1.65 0.5—1.0 0 2.12 8 | 0.94—0.89 | 0-5—20
B oo™ - ;"“‘2“‘[5 2 0.9 — | 0.35—1.0 4.5— 7.5
L)) Corpse Pelvis lat. 1.1 32 [0.84 (W Calc.)
Schumacher (5 cases) ant. 1.1 32 [1.12 (W Calc.)
Spiers?? qT. 3 1.5 100 0.73
5 Pelvis
Vogel®® - lat. — 151 40 . 0.92
Pelvis 0.65
Human
Wachsmann*? lat. — 0.8— 1.2 — | (0.75— 0.8)
body (ant. 0.9
Jones®*" 1.65 | 0.9 0 2 100 0.90
TRES. ZOHE, FPEMET T W-RIX Phantom 12D\ TOEHEAET H 5 512 [ERED 75

HERRE KD ABDGE L DAL, %EHRIA
HUYERECHZETEEIHE, JRETDH
3LIB20o00BRICERTILNERDS. B2
DEBRER 2 BRILTE,» 5 Rhg, #Eho Schu-
macher3® [, Vogel 35 WET » 5.
Maurer!®) i3 BB R C5~97% B il &
na3», #fiEMRE PbETE » 2 TH N0
EOMCREBRAVERS, TErLH, —C
Compacta 127:\ L Tik10%/cm?) £ 550 HH 58
FTHRRENTCBRE, BEOENHSEEL LT
spongiosa THh b, ik Jacobson o EEES)
FRTYH, FOMEBEHEEIAIE-. > TSpi-
ers?) [, Dutreix?) o X 312 Compacta % 3
~4myDEX TERTLHOEIHEMTEL W,
72T Breit? KIIFEMAR OS5 B E AR T R4S
(220°) WHWT, Mh TEREER LS
&, INEHNTEHS E TR SRRENE S
B\ Z kb Schumacher FDFERPEFFL T
WBER, ZAPEFRICWT BEFEEOMER
RBRERETBOEMETH 3. R2D Bo
S BRESCRBPCEAR LR EEZZ b,
X Fowler [£6) 3 Dmax 2B} % 360°4EIE
ORGSR (HVL, 2.5mmCu) 12ov<T Bo
HE YEEF 1t 3eme CRE2 %OHEEEZRT
VB EF . F7: Schumacher KoLk

5. D EoMBET X 5 XHR0WES & SE0k
REERETL, BEE T 1 Ui s ffligofe LT
e ZATTEF L2 T,

2. BOWEGRE

WRCHEROWE TR 5 Bk () WESFEE
f (ub/pw) %3 (6) WTRT. RxOBRIEE
LANCHBIELZ-fED PFR L T 3. B CliEs
OBAER 172 Y B —B T35, 200kVp XHT
& 1.2~ 2.7 ( 1.5~ 2.1: #IE), Ra, 6Co,
SCsy #TIX 1.1~ 1.9 ( 1.2~ 1.5: f@IF) T

Table (6). Bone/Water (Muscle) total linear

absorption coefficient ratio reported by
many writers.
HVL Density | fs
‘ (mmCu) ‘ 4 ""b’r“‘w correction|(cn
Balz et al| 144 [FSR| 15 15 |41
1.8 | 2.7 2.1 i
Jacobson'® | 1.44 115 1.2 15 $2|
Krokowski'¥| 1.44 | 1.5 1T 1.6 g1l
Spiers*® 1.44 [1.85| 2.1 1.6 [2x3
. 1.8
15} L e
Tubiana 1.5 1.85 | 2.3 Aver. 1.7
Failla'® Ra~ |1.15| 1.1 1.3 [5x5
Jacobson'® | %Co % ?g %g %g $2
3 137
Spiers® | ¢ g(‘fg) 1.8 | 1.7| 1.3 [2x3
Tubiana'® | “Co | 1.85 | 1.9 1.4
Aver. 1.3
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55, yMTRXHE DEIAS VR ERE
LA, :
3. BNk % XOBELL Screening
B (18) ko THPOREZELZS. B
+ Wi B2 AR TED 72 HE. WIXEERW72K
DAEDHAOWE E T, MRk,
B+W/Wix

B+W _ Prb+4 Scb  Prb4 (Sb4-Sv4-Sw)
W  Prw+4 Scw ™ Prw4(S'b+S'v4+-Sw)

nispesszme (1)
T ZCPr 31 %R, ScBfimErEDb L,

I IFEZSHEE R b OECEL, Sv BT Screen
LN BKDOEL D b OBEL Sw Bz Screen & h
Fo kDS b ORGSR, wad BB, S'b,
SV EENENEE KCERL2BANETDH 5.
Scb X Sb, Sv, Sw QHEASIZE 2> TSew i b
HETIOTHSS. BOEE & 1225w Tii—
TMERTEZMNE LT, BORESIH—-ETHh
W, chrEETARFOELS DX, fsd dT
»3. fs RTHRELERED —HE HDH R
FETIX Schb=Scw Xt X 5 %. Sb, SvoBIHRIX
AT, Spiers®® [, Mereditn!® K5 DL
HER YD 525, B LkofE Compton #iE
fR¥ os M, Compton EFEELOABEST DM
&, BT 3ECRINENERL, MiBam &k
WXEEETA B, —fIC Sb & Sv X AEITHEK
LTI LA, Sb—S'bZSv—S'veSch/Sew

WZ1LhB. EOTBAW/W b Zhbok
ANCTE DT fs, d2 & E BT EMERELET DD
ThHAHI.
CWRICBAW/W Ho fs, d2 (2T BBIR % EE
FOWENLBHLTR LS. & 2owTid,
(1) do :EBIFRIC—E®, (2) d2 DKL
EBIITHWARLTLIESL™, (3)#icids
WA LTI, BET—BLEERRELN
T, Fex OFEETIABl (AR Ut(ddy)
I 1R, fs 20w Tid, FoHkEED
YWHEA LT LTRSS L BRER VT, HE0iEH
VLICEoT—% LAWY, ZEXOITHR1H 5.
Fox DEETIE fs OBIKE L BP0 T D

AREZHBHHRY MR B2BE H15

g+w = Pro(dt ".‘x+ft}+ K Sew (J"+d"+t).

K= L2 - j%;cm-
Fig. (18). Diagram to illustrate both the me-
thod of depth dose calculation and

correction factor for the scattering
of bone in the pelvic cavity.

(A EETAF (R AR

4. BRI

WIc EOEEBRER 2R T 3 ZBRAT oW T
A5, 1kER (BBELAAZT) Pricownt
1%, Prb=Prw (d;+d2+1ft) TEbIh 3. Scb
(1) Tk hEEKE AWT K.Sew TEbD
Eh3. fEoT

B4+W _ Prw (d, + d, + ft) +K-Sew (d, +
W = Prw (d,+d, +t) + Sew (& +

d.+t)
B p ) el (2)

di, dz, t KRN DB LMD, 2 (T)
OEHE f= 1.72, Wheatley [KbOFED %
AWTB4+W/W LEOERfE» K RETH & 1
3. WREHE % fs (16~ 100cm2) &9 hid

K= 1.2 — £5/500 ++eeceeievr (3)

BELN, (2) A»rbd

B4+W=Prw (d, + d, + 1.7t) + { 1.2 —

£5/500 } Sew (d, + d; + ) oo (4)
LD, ZTREBREADERD BT 28
FEZFEDOT. Kix fs OBKRE EDITRDPLT
LIS %, Bx0EROME T do & EEIR
THot. Wiz (4) FHF 755 % Spiers?D
K, Haas!® K 5DEEFIICEHBLTAS L,
i (10cmZEE) Tk + 8%, ¥ (2~ 6cemip
) T3+ 2~6%DBERALNIR, 1Y
B =BT 5. RrOERMHEIZOWTOHE TIE
BEIFAE 2%EETHO.
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Table (7). Values of the tissue factor at the position of axis for both bladder and parametrium.

Ft (At the position of the axis)
X-ray 137Cs
Bl Ut Bl Ut
fs (cm®| 140° | 180° | 220° 180°E 220° | 140° | 180° | 220° 180"‘ 220°
x4 | 0.94 | 0.94 | 0.95 | 0.95 | 0.95 | 0.93 [ 0.94 | 0.94 | 0.97 | 0.9%
4x8 | 092 | 093 | 0.92 | 0.93 | 0.94 | 0.97 | 0.98 | 0.98 | 1.00 | 1.00
| 4x12| 0.94 | 093 [ 0.93 [ 093 | 0.93 | 0.99 | 1.00 | 1.00 | 1.00 | 1.00
| 6x8 | 0.94 | 0.94 | 0.95 | 0.93 | 0.94 | 0.98 | 0.98 | 0.98 | 1.00 | 1.00 |
| 6x12| 0.93 | 0.93 | 0.93 | 0.90 [ 0.90 | 0.99 | 1.00 | 1.00 | 0.98 | 0.98 |
1010 | 0.95 | 0.94 | 0.95 | 0.91 | 0.92 { 0.98 | 0.98 | 0.98 | 1.00 | 1.00 |
Aver.| 0.94 | 0.94 | 0.94 | 093 | 0.93 | 0.97 | 0.98 | 0.98 | 0.99 | 0.99 |
5. B+ WIS FO/NM Eah, 1YHEEEHOKRNCE 2T, ZofE

ERO@EY, oMM B R,
WA cEEEALNS. ITI—B—4H
DFERZ (1) R Eo>THRIFLTA LS. BAD
dE % Prbi+Schy, [Lofgdt % Prbe+Schz, %
LCENENIZE G B KD ADEAD ik Wi=
Prwi+Scew;, We=Prwa+Scwz & 74T, Bl

DMHIMEER

Prb, + Sch, . Prb, 4 Sch, i
R="prw, + Sew, — Prw, + Sew, (5

FEIHERED Wi=Wz, 37: Scbe=Scb X 5

Nanbd, (5)RXEYWi=We=W=Prw+
Sew & LT
Prb, — Prb,
Rempra oo (6)

X# T, Wit fs BZREVWEREVWRADL, RD
fs R FWEAX L, WICs TRIWER fs 1Tk
OTRVBELACHSLRY fs BEMERE &
%. ¥7: Bl ik Ut X hWEIDIWHLRED
Bl o3 Ut X hkEwz zizhs, xR (x
FHF) THOWHE (edi) xXHRe ¥Cs & T
W, fs 2T S E 10%EED HEIGE E &
. REOTRENXHE WCs TRIMIEE L
T Prbz—Prb: OHEEICES.
6. B7Cs v [HRE
vy ofE, (B+W) 2L Z0AELRTOW
fE, Wz 0=
W, — (B4+W), = (Prw, — Prb;) — (Sch,
— Scw,)

BIEREE S, Wz (1) {HEAWT BCs
L XMmEDB+W/W i L TA 3. ¥Cs
DHEAW, RIyigof= 1.3 GEZPHEE (7)
AT E, Prb/Prw Hix 1k 0 H2:7 D
X\, Scb iz oW T, FIHEELDWA D72 DSW
DEDBEREFDL, fs 2RELLTH Sw O
&5 0 % H4 350 L T Sch—Sew & 7z 2 BGUT AL
ENAEWTHS S, BTk BEEL#O Screening
B L, Sv ik S'v ILEWTH S 5. Sb/S'b
HREERROWD EZANEXRE VKRE (,
FE>T Scb/Sew Hb XML W REL LB THS
3. BICs D34, B+W/WHRK 1122w
X, FrlTohickstBbhs. —RICED
# GEgE) & fs 2S5 ThE, Pric
KU ScixfEficxsns, X, Wis by
B+W/W—Prb/Prw L 72 5& T & 5 0,
XTI S BROALFHE DD, EhEK-STYH
Phantom T ZD & 5 7% 1 RO ADREIT
b, BICs Tl Zhaidne7:0, B+W/W
HR Prb/Prw HIGEWREERTDONE Y D L%
Abh3. R0ERT WCsnfs, RO fs
(4 X4cm?) TOLB+W/W HBR1 X D0k
DS VBRI ZNTHATES. 37z ¥l O
Ba, HEACEG3IL X, v B—BRCWHRRO
VRUVEBAB LY, DEnb AR EETE
5.
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IV. TEEGE - SipEihg

A. =B (R) : BismS

K (19) FofER3FEM Phanton DK<
H5. SEREHESNEEZRT. RISEEDLRELS
EGETFEE) e L-20ERORESH 3
AT B0 F T W T b B, X
(4) . AIFCBWTE X TIXER, Bk
BIUVHIEEC TN P34, 36, 54% RS
ENBR, BICs TIXETNENLS, 75, T2% L7k
5. BHECBCUIXRTER, MEES LU

HAREFRS R &M 52838 H15

BFEEICENENL, 38, 38%, ¥CsTix56,

45, 1% & 7%, 2K HRDOPCSERTY,

BER PR LTRSS, XD 4~60m
MEECHY T 2 MESMGIFTE 5. K
BE OWANKH T B REREZ WAE 5 508
REAR SRR 5, EHEEI & > THET3
&, BERE~EREECOWT, EERHDEHA0.20
(X#D, 0.90 (WCs), AEETIX0.88 (X,
0.95 (WCs) BETH 7. bbodAZDEILE
HaomEs, AEEOAMAEI X 2TRS.

Pr BS“'U’r R ‘-f Pe

Fig. (19). Radial dose decrease from rotation (x-ray: 330° arc) center to periphery
in the pelvic cavity of a corpse. The inset shows the cross sectionzl
diagram 1 cm cephalad from the Tuberculum pubis of the corpse.

B. B (Pa) B XU (Pb)

1. EhirEC B v 28R E

FEROFEHEHREB+W, WIZ 2w THEHFHE
T, Zhhb 140~ 220° REF ROy
DB+W/W It (BT Ft) ##HEL72b0nHE
(7) TH3B. XHETIEFEH.94 (B, 0.93
(Ut), BCs T2 = N-F10.98, 0.99¢: 72 5. Xi#
T UtR Bl X9 s /& ZOHFE TR
FAHOMBET Ft BZELn. F7-X&, Ut 0o
£ fs BREVE Ft @I R, Fofiz—ig
W fs LEERIRTHB. ¥Cs Tix 4 X 4em?
BEEKRE, Ft=1.00% LTHEZIIFEA3 BT
Thb. X#ET Ft 230.93~0.94% 725 Z 21,
LRI —2bFBENBEZATH B 0, FE

(5) » Wachsmann EO¥fEX Ft fife LT
BEHENTEY, Zhi@hhnERDHS.

2. WEBALSICBVY 3HESE

Rz Dmax 2B % Zigd s iiEA, sk
PhantomZ2#IfEW, [Fit%E (1) W1 Johns®)
RoEETX 5. FFIEME (2) W2 Plesch3D
DHEEIWT LB, BIUE#R—K Phantom ZEJH|
EB+W, 55 B+W/W=Ft, WyW, W2/W I
BEIBLLE (8), (9) KRT. WIFhyFEHES
BlIOFEHETHS. Ft fHiZ2o2T, +=0OEET
ZORRAEZRT. Enhb Ft i, XETIE®
#0.94 (BD), 0.93(Ut), B’Cs Tt Fh2n1.01,
0.97k 7y, EfifEDFN E X { —FT 3. B¥Cs
Tk Ft=1.00& LTHEZRIR/K £ 5 %LF T
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Table (8). Integrated total doses at the maximum dose point and values of tissue factor for bladder.

Irradiation

Technique Bl
Axis Field Size 3 x 8 cn? 4% 8cn? 6 x 8 cn?
ijg}g‘"m 140° | 180° | 220° | 140° ‘ 180° | 220°| 140° | 180° | 220°
A XRay | 169.8 | 215.0 | 267.1 | 176.6 | 227.7 | 278.1 [180.2 | 230.4 | 284.0
XRay | 61.7 | 66.8 | 68.0 | 84.8 | 90.4 | 94.5 |119.0 |126.3 | 130.8
w wigs |/ 7 / | 7138 | 82.5 | 92.2 | 83.6 | 91.8 | 96.1
XRay | 58.2 | 61.8 | 64.0 | 77.0 | 84.6 | 90.2 |110.0 |117.6 | 123.8
B+W Tuics 7 Pz s 75.3 | 81.7 | 92.5 | 82.0 | 91.5 | 99.4
W. | XRay | 73.2 | 73.4 | 80.7 | 95.6 | 89.0 | 96.8 |129.4 |127.0 | 126.7
W. |XRay | 62.4 | 65.2 | 60.4 | 79.8 | 78.8 | 96.8 |104.8 |108.9 .| 108.2
W,/W | XRay | 1.19 | 1.10 | 1.19 | .18 | 0.98 | 1.0z | 1.09 | L.00 | 0.97
W,/W | XRay | 1.01 | 0.98 | 0.89 | 0.94 | 0.87 | .02 | 0.88 | 0.86 | 0.83
i XRay | 0-95 | 0.93 | 0.94 [ 091 | 0.94 | 0.9 | 0.93 | 0.93 | 0.9
t;\tgw +0.02 [£0.02 |+£0.01 |+£0.02 [+:0.02 |+0.02 [£0.02 |£0.01 |:0.00
| P e /7 a8 e e g 5o
Table (9). Similar to Table (8), but for parametrium.
—— o
Ao Ejeld 3 x 8cu? 4 x 8cn? 6 x 8 cn?
i“—‘;‘;}g‘“m 180° 220° 180° 220° 180° 220°
A [ XRay | 215.9 7671 27,7 278.1 930.4 284.0
XRay | 64.4 74.2 78.2 94.8 108.5 127.8
w WiCs )z / 81.4 99.3 86.7 104.1
XRay | 59.4 69.7 73.9 88.4 96.0 115.7
B+W [T = 7 .7 93.8 84.3 100.1
W, |XRay | 656 81.8 91.8 109.2 102.1 125.8
W. |XRay | 8.5 75.3 70.1 91.8 85.0 110.4
W,/W | X-Ray | 1.02 1.10 1.17 1.15 0.94 0.98
W,W | X-Ray | 0.01 1.01 0.90 0.97 0.78 0.87
X Ray | ,0-93 0.95 0.95 0.93 0.89 0.91
B W/W +0. 04 +£0.04 +0.02 +0. 01 +0.01 +0.02
D | wes | /| aoes | a0 | o8 | o0

HB.Ft @3 X#H,3Cs &% Ut BBLX Y s/
2w, F-XEo Ut 0B, fs A XWHEFt
WHEWR, ToMTr fsh X CHEFHEE Ftiz
MEEIMRICR R 5. WIC WyYW, Wo/W  Hen bEf
Y (1), (2) oEZHRTME, TOEXR
(1) TlXx6~19%, (2) Tix2~22%IT K3,
Wo/W Mk Bl Cix¥#1.07, Ut Tix1.06& 7«
b, Wo/ W iz £h%h0.92, 0.91TH5B. —
#CEIEEFRRBART, % E 3B ANCEEE T 6

RH5. FHE b2~ 3 ORHEHIE T B H
FRVIE, 10%LITF D38 THEMEIIHIE : —
FHT5. IREREEL D YEANGEWEEZ S
A%, TLTEDHEZINETIIE fs makEw
B, BECRFOEARRLNS, 728
FETRFETANNECE Bl BAICIEES X
ha. DIEnGR3E, #HEER0HEER Ft LE
BE»D D EZAL EI2 3. WachsmannE
» Ft {ED (Bl1;0.80, Ut;0.75, HVIL, 0.8~
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1.2mmCu) EFHEE (2) 20 TEHEVT
i, SEEECE L BITi ey LT21%, Ut ©
1327% % /NE SREINB. BHEXE (1) TlE
nNENI%, U%BDOENFHELE 25, FEOTERX
DT WBEEE (1) 25 1F LWl 2 5FH
TE=00ORETO Ft 2HHELTRASE, BIT
WEEH50.88, Ut TH0.88& 2%, 3ok (2)
LT, REY o Ftizxhzhnl. 02, 1.02
L, FEE: (1), (2) &% Bl & UtT—
i 5., BEICXFEOAFECIOWT, fs B3 X
gcmih b 6 X 8em? ITHIRT B &, EHEINXER
12X B EBONBERAME6 BEEBKT 55D
EEIhS.

3. FERMREQC X ARERIEIC OV T
Siemens ¢ Pendelgerat fZs0izk %k, L
51> Wachsmann K@ Ft {#1x0.65 (0.85~
0.9) 1.0:ZDTHEY, N LITE. F/
Schumacher®W iz X g, 05 220° #EF (H
VI 1. ImmCu) I2BW<T, 20FOFEHROEMTE
TOEHfEL K (BXU, 77 1) Phantom
OB H# LT, Ft 13%51.00 (0.95) T
0.88~1.09 (0.87~1.05) Offificbh/z3¢=R
3. Fowler®® ik 360°4Elix (HVL 2.4mm
Cu) 122w, Dmax fif@T Ft 13FH 0.93
(0.92~0.94) ¢ z=35. O’Conner?® [Kix 200
kVp (HVL 1.5mmCu) X#0 FHEigdn b
FREREE 23T BB A OSSR T, BEAE
EHEF£1.00: B2 UTUERRE(EES) T0.858
L7-. VogeP?® Eixin 180°kTF (HVL 1.1
mmCu) I22oWwT Ftix1 ERA L35 EHlBIT
WwB, HRESIEY 2 FloBEICoWTFt= 1.00
EHEZBTNB. D Ehb5R3 &ERHO Ft
B INOAWEEZBRETHD. FHOW
BEET RO ZHAOHAE, HEMEB LU
YA T 2HE0HEE, BICEKRCEYIHEAY
2% ZET T, JREOEERETE Ft =1.00&
LTk oTHRBE AW E BB, 7z RITEN
7-@Y, Ft 12 Bl & Ut TRy, fs L HBHH
BT3., 2LTHERTBE10EDRD, SiHE
HiEad 2 VERT 5. REOTHEC FtERR
»BUEDHHHEE, BN, MERS R

AAE SRS ESERE H23% B1 5

HEERE Lz b o,

C. B (Pc) : &gk gt

X5 L U 0Co v #7 % A 7R F~lEfE 5L
[ D &g 8T DTk NielsentUFE, Spech-
ter’s®) Kb M E LTEHMOERRFEENT
E5. XETR—filhE R ToORIC X 3R &
ZOWIC L BEEFEE LT, ETFRPBES
SR 2MOEBMMETFRN S R X h, BET
T v oNREEABD 4 Y, SHEESROGTRIET
BHRREINA TS, 72 1[MOEMETF T
Dmax 23 2 ~ 3 fiz48 L, A% Dmax &
OFHEEL 5 DT NIVDFF L B2 HBRERE L
TES., BRETRXHEZHYL 0.7mmCa @
PERE L ACLNS, RE CTEHEOHVL 1.5
mmCu BEDFHEIZOWTOHE R, £ 2
TEFH 2L LB EE L UCEICSHE
HIR DR 217072,

1 Xt

a. [EEDELs

B4 (20), (21), (22) % Bl, 220°HifRT AT
12w, fs d4emid 6emi: F B L72D DT
H5. 4emi Tt Dmax (B HFENC 2 455 X
N5, 6miOHEZ NETERTH 2. H2 0
DmaxiivEfsAmic 4T 5. #1 ODmax i
HEME b s BHEFTS. fs oBIHFRZ
TiEERENSTICE 5. ZPH0RET2nT
i, MilEEETI 4anifi50~60%, 6cmiiTiX70~
80% Th5. KEEEIX 4cmfOBA50% & 572
DFES2, 6 Tk60%RiHE LS.

Fig. (20). X-ray simple arc isodose contours for
bladder. (a). Axis field size: 48 cm®.
(b).Axis field size: 68 cm®. Plane; By,
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b. BETFEE -
B (23), (24) & Ut, {75 180° BiffiRTO

demh D4 7. Spechter FKOFHEICH B
h 3 Dmax OFSEIIRHELEZ WA, Zhid
BoiEgick s Bbh 5. KEEEIHX 60~70
%, HEED—x80% LI L, IEAE EORAE

V240%02 Tk 3.
@)

l

Fig. (21). Similar to Fig. (20). Plane; S
(b)

Fig. (23). X-ray simple arc isodose contours for
parametrium, Axis field size: 4>(8cm?,
(a). Plane; P. (b). Plane; B,.
O, :

Fig. (22). Similar to Fig. (20). Plane; O
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68 BAREFHHRFSHRE H3% ®1 5

Fig. (24)-(b) Summation of x-ray 2 belts con-
vergent arc isodose contours for
parametrium. Each axis field size:

436 e¢m? Plane; D,. Fig. (26). X-ray single convergent arc isodose
contours for parametrium. Axis field
2. XHAHETFRE & F045 size: 46 cm? Plane; P. (a), (b)
a. 1MaHET-RA Similar to F](i.)(ZS)
B (25), (26) IZPHETFRHN O 4enhoBHEF 1

Z27. Bl Tz Y Dmax @ 2 SEBRR LMD
REOEERFE-. Ut TR sA .,

S

AT ORI L CHMEIRT & FEE T d

5.
b. [BEPEES G RRAHE T R AT
Fig. (25). X-ray single convergent arc isodose WIZZ b # AR LI-BAIZOWT, 4 cmrfy &
contours for bladder. Axis field size: . .
436 cm?. Plane; S, (a). Cranial inclin- 6emifiz PR L72 b D3R (27), (28), (29) T
ation. (b). Caudal inclination. H5. ThERC fs MoBHMETE B8 T H
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1E, 4AcnhoBAERBCITWEE 20 Dmax &
WL, v bBHCH BESOBMERMIIN
ZrDIBRE N, FiMERETI0%EEICAB. F7-M
5 CHFROTENRZE Y, # 10 Dmax fRI T
LA2RERY, KEEFHE O BFD >8R T
3. BERARMOSMEARELL, sORI B8
L6 THERETHB R T. 6emfid

Ba bk b B OS CRERAFNIERE h,
@

Fig. (27). Summation of x-ray 2 belts conver-
gent arc isodose contours for bladder.
Each axis field size: (a) 4x6 cm?.
(b) 6 6cm?®. Plane; B,.
)

Fig. (28). Similar to Fig. (27). Plane; S.
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Fig. (29). Similar to Fig. (27). Plane;O0.
()

. HiMERETIX50~60% & & 5. {15 A Tl

L, AKEFEOAMIBRE W2EARH 5. 5§
REFRTERER L. DEnE Bl itowTas
B & B HET B L, RSO S THRERAE
hTWw3 2 LT, KEEFHEHORM 2 EE
FhiFeenhoA s 4cmi k b SlsiEREkE
CEVEEE SO B I1X AmhD B RELTH
%,

c. BT EIARSHRT RS

iz Ut (4cmrl) 05404k (K24), (30)
WRT. ZOBARIERMEFCHEL, £VEXY
Tk oS RN L, TEETIE50~60%L,

— 69 —




70 : HEEFRSRF &R B23% $15

(a) (a)

ﬁ“
50
70
—
“
* o Fig. (31). X-ray simple arc isodose contours

o : for bladder without pelvic bone. (Wa-
e ter alone) Axis field size: 4X8cm?®."
. - . (a) Plane; S. (b) Plane; O.

Fig. (30). Similar to Fig. (24)-(b). (a)Plane; P.

(b) Plane; B,. (b)
()
! .

l

s.,

T&a%, kil v EIEOES THFRERE
BRI, AEEBIIZI0~20%ER I B, §EH
RBERTIAETHS. LBILOBE, RO
DmaxAnEfoFhnt b 1 ~2emfificfFo
T3,

3. X#%, 7k Phantom D4

WIE RS L= kD 056K (32), (31)
CRT. BoMmoxE (20), (21, (22) 0
Lra&lEURSEHETHS. BEHT & Dmax
D 2 5ENRE S . £ LT Dmax OfrfEizE
WEE X {—FT 5. MiEENCEMX30~40% &
b, B (34) 1R B k5 FEkglRTe ¥Cs
DHAVE SRR E 2 3. #HRROTBIA
FTEODDHELIEFTRY, KRBEEFIEMAYA

= N 94 % = Fig. (32)-(b). ¥'Cs +-ray simple arc isodose co-
ETXRODIHELYRE (50%T PP Lib ntours for bladder. Axis field
5. size: 48 cm? Plane; B,.
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4. BICs o FRODHAE
WeEBCBRRZRY AT, AL fs, |RFAT
Bl 129w BCs 12} 7 HAMETFRITERZR
7. K (32), (33) WCZFOHELSH FRT.
AilfE BED B L 30~40%, KBEFEHD £ N1X50%
UTFThs. fs OESHRT HEHEIPC > KR 2
B, ZhixEEo-vtEBbh3. ZhziRid
BICs D473 L300 X ¢k Phantom @
BACIEBISE:. Zh3BEROMEREMIE
WIEEREERLTNS.

Fig. (33). Similar to Fig. (32)-(b). () Plane:
S. (b) Plane; O.

™

5. fRiREASOSEES
Uiz Dmax O4EEEITo W T, EUENC

HELTRYS. LEo#iEo7, Spechter
K, »3\i: Nielsent) 512X 5%8, #H2,
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& CH I MR PN T R ONRETH B,
FH Bk S OHFHELORIELTER L TZ
DHE B CHERI T2 2 L G RETHS
2, DIF, Bl @ fs 4cmfidFHHizow T, KT
O IEPE o RS 2 TPANCHE L TR
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100

50F

%
100

50F

Sem Axis 10cm

Fig. (34). Radial dose curves on the sagittal
plane with varied arc therapy for blad-
der, including comparison between
experimental and theoretical.

k5. X (34) 2. ZoEEogHRIIBE Y51
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DSERENERE Z L O AESCEFTE S,
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