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Comparative Study on Au Protective sheils with Pb for X-ray Therapy
By

Takeshi Yamazaki, Tsutomu Yoshinari, Masashi Kanemitsu
and Akimune Hayami
Department of Radiology, Osaka University Medical School
(Director: Prof. H, Tachiiri)

Hikaru Hamano
Department of Ophthalmology, Osaka University Medical School
(Director: Prof. T. Mizukawa)

In X-ray therapy from grenzray up to 200 kVp against palpebra or facial skin,
attempts to protect cornea, conjunctiva and lens with protective shells, have been under-
taken for many years in the past. But in a majority of these attempts, Pb has been
used as the base agent.

The first requisites for protective shells in radiation therapy are that they are as thin
and as small in size as possible while being provided with sufficient protective capacity,
because they are to be inserted directly into a small conjunctival sack.

The present writers, with an eye on the easiness with which Au can be processed,
its high linear absorption co-efficient and chemical stability as well as harmless on a living
body, have since last year attempted the employment of pure gold as a base agent, altho-
ugh its relatively high price made them hemsitate to a certain degree, and undertook the
following some experiments on protective shells, made of Pb and Au. Namely, with the
use of polystyrene thin plates, Al foils, and a paraffin phantom, measurement was carried
out with the photographic emulsion (single side), thimble chamber (Victoreen Model 131)
and shallow chamber (Toshiba’s trial manufacture ; window thickness 0.05 mm Polysty-
rene), for a comparative study of the protective capacities of Au shell to Pb one including
secondary radiation. The experiments have led to the following results:

1. Au is superior to Pb as a base agent for protective shells.
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2. Because of secondary radiation, the dose at the corneal surface of the shells striki-

ngly varies, depending on how the quality of radiation,

he thickness of the protective

shells and the thickness of the cover are combined.
3. Generally, Au shells, similarly with Pb shells, require both-side cover with the
material of low atomic number for the purpose of protecting them secondary radiation.

4, So far as very soft X-ray is employed, Au shells, unlike Pb, will not require a

cover in practice. This particular advantage is considered to be more than enough to
make for the drawback of Au in respect of its price. ;
5. Even when protective shells are used for cover, attention should be paid to the

quality of radiation and the field size all the same, so that any injury to the lens and

cornea may be properly avoided.

On the basis of these results, moreover, it was actually applied to some cases of

palpebral hemangiona and cancer, and the subsequent progress for 1-6 months has been

observed, as a result of which no injury was found on both lens and cornea.
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Figure (1): Protective shells for X-ray therapy

in various shapes and sizes, with Au and Pb
usad as basz agents.
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Table (1) : X-ray equipments used in the experiments, and the conditions of irradiation.
Code X-ray Equipments kVp Filter HVL(HVD) FS$D Field size
Toshiba KXC-18-5 Pendulum 0. TmmCu-+ - 3lcm 1x1lcm
P, therapy unit 200 0. 5mmAl 1. 55amCu 5Z2cm $2cm, 5Scm
. C
S Shimadzu, Shinaigo 120 0. 3mmCu+ 0.66mmCu | 42cm $3cm 5cm
L : z 218 0.5mAl : ' -
S, " 80 2mmAl 4. Tom Al " "
D, Siemens Dermopan 50 InmAl (13mm) 17cn $2cm 5cm
D, " 43 0. 6nmAl ( 7.5mm) " "
D, " 29 0. 3mmAl ( 3mm) " "
D, " 10 — ( 0.3mm) " ”
T, S0k Kolling u. Reuter?9 g 5 23 Figure (2): Shallow Chamber, Toshiba’s trial
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Figure (3): Attenuation of X-ray through Au
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Figure (4): The dose on the corneal surface of
two kinds of Au protective shells against
Source P, and P,, and their attenuation by
Polystyrene thin plate.
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Table ( 2) : Measurement by Victoreen Chamber,

Fieldsize ¢ 5cm " ¢ 1.4cm

Source P, S, S, D, P, S,

| I T s ey 100 100 100 100 100

[ Lot oy 9 93 9 82 % 100

o, SOttty L 26 19 13 7 16 5.7

e A 24 19 16 6.5 15 5.7

N e o 15 16 13 7.5 4.7 0.2

O L g 15 16 14 7.5 4.7 0.1

noCome w3 18 16 16 7 7.5 14

e/ I 18 17 13 7.8 6.8 0.9

Table (3) : Mea.surement by Shallow Chamber

i Field size ¢ 5cm 1" ¢1.4cm|" 1%1em

Source P; S, S, D, D, D, D, i P,

et B oy | 100|407 100}, 100 | 100}, 100.] 30, 1O 100

A o AR 84 | 8 | 78 | 76 | 72|50 | 28 — £
oo s " 34 | 28 | 24 | 86 61 35 04 15 6.8
e e n ) i 31 | 8| 2a | 78 63 31 o4 13 5.9
(e o 77 | 39 | 26 | 94 7.0 34 03 25 6.1
e e S 23 | 23 | 24 | 88 6.5 32 o3 34 0.9

ey 99 | a6 | 26 | 9.3 6.8 33 o2 50 16
I %6 | 27 | 22 | 835 6.2 30 o4 62 15

rEBETH5. @ (ODOEHRE Py 2WER X (6) (DB

B RT. 0.50mm Pb 3 X f0.27mm Au TifE
P DBED 2.5MHT 5. ZREHOLTE
B r#LTOHRMTRCIERE S »TH
7. YT T DYk phEEs 2 Chamber FE
HHERETBERE L, 1~2aBEOLIE
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YT BRBERT.

=) Polystyrene 12 & % ZDWREFHHR *
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AT %720, iz _LaekhEiR & Shallow Chamber
%= & ORI Polystyrened#iti # 13 & %, ZhIC
Pe S 38R O LI Lz, B (61 P, (Mix
P2, Sz, Dy T 230 TH5B. Pr WL, Au
0. 27~0. 73mm D EiPH Tk, Polystyrene 4 #( 0.2
m) BETIE S —EEAS. ZO—EHIEDRE
X Au RO—FIRBEITE. P2 iIZ20TH
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Figure (5): The dose on the corneal surface of
Au and Pb protective plate, 0.27-3.5mm in
thickness, against Source P,
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Figure (6): The dose on the corneal surface of
Au protective plates of three kinds of thic-
kness, against Source P,, and their attenu-
ation by Polystyrene thin plate,
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Figure (7): The dose on the corneal surface of
Au protective plates of three kinds of thic-
kness, against Source P,, S, and D,,aud th-
eir attenuation by Polystyrene thin plates,
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Figure (8): The dose on the corneal surfade
of Au and Pb protective plates, of three
kinds of thickness, against Source P, ani
S,, and their attenuation by Al foils,
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Figure (9) : The sub-surface dose of small field
size, against Source P, and P,.
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Figure(10) : Response of photographic emu-
Isions on the corneal surface of Au and Pb

protective plates, against Source P,, and
their attenuation by Polystyrene thin platcs.
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DWT, IYA, To7, EALE L+, FERERFL
TADIETH % & L, iz Rohrschneider, Po-
pre® BRHIRARER I VEETHZ LS. db
BRI i s L, 150kV,  216rx 1 (@
MRS © 125 B ISR O MEEMNZ L 2 B L
Pz. F 7R G BRI o T80k, 900r X
1[@, 8% BBIZIEIC 400rx 3 [@EF2,100r fR4T
L, 2541 SUle 2 XA AR 2 R T 3.
Cogan & Donaldson® ;5134 105ED 5 EIC
S TEESR R (200kV 3B X 01,200kV) 250r
DIFEw3, F7- Politzer® EIT k3 :A4:H14
H ¢ Salamandrinaen Tidzkghfix 400rx 1 (@l
<34 BEIfEE X Wiz, Leinfelder? B 5 138}
PEER T 1202V (AL-J##) Tl 500~1,000r T
A8k RS TERAE S LIkR T\ B, fEk
FA0 3445 3 ~ 5 1 BDEERIZOWTI60kV (0.5
mm Cu+1. 0mm A1), 45~90r T ¥ 2LEH I HETE 28
Mgk %, %L T 200r CESNREZAD T
W%, Riley® KLt v R0 T 1ERBE
12 X b, median cataractogenic dose (X##) %
7751 & LTw5. %7 Becker? K& I3ZENR
V2 oW T 100~1,300r ( 200kVp) TikEhiR LE
DARGENREF X 5 L9 . WIT Leinfelde-
r?® &, Richards®™ I 251 HRAGIR DS
Shield( 4 ZFR 1434 L THEAD I X % 200~ 250
KVBSZEE L, Ak ik 2 SR E % BhE T hid
1,000~ 12,000r OXERE T b RIS O ADIR
Wrskl, 1EHIIE 0y 37 UERED
SHET R R SN BB S, Yad L DBHHE TS
2% EINBERAEZFE S 5 LERL A VEVIE
Heh 5., 57 Ehling uKrokowski®01 (54
WS RS OEUE X % 38#E L, 350rad (A
#F 300~ 500r) #pEMEARE E L, 7 200rz ik
EARORERBITT AWEAR E LTW38, &
WBAE50r FREE T b AR E ERRCE R E 120,
BAETYRESMEE RS LS. B -
Lo Mz BL T, Brunst® R\

HAREZA RS B2l 875

Axolotl DkEAEZE(LF#3L, 6,000r T4fiz
EPIRiEZ B, FDN60% R Y L i
DELT B B OIZEBREE .,
b)) £, #&

XHRE & UL RIS PE 5 A, RO SIE b 2
AhEEEN T3, Wilson & Wilson® [
1% B§%0 Biostandardization & LT, —ZE0OH
R b 5 A REMRE 8 T RN R &
LTMID (Minimal Inflammatory Dose) &
WABESRIIA L, Z At 35,000 rep iits T H
B e L7z, TOHEJE2ORENOR B, Zh
1% 20,000 ~ 35,000 rep BEE:X h Twv 3.
Krasso® Eid DL 2 BR AR 0980 ~4,000r faE
B DYRIE 2 580, BT DH4,000r RS T 5 &
FAETRE T4 L, Z0H b 5 —BE4000r RS ¥ B
L ORI & BYE L B 07 & DA %
L7z, Merriam® ik B B0 BRTERE T
1, §EIEE T 122, 000~3,000rep 235X, 5,000
Tepr ZABRETRWEBUTWS. 72 Blo-
di® ERoEE I3 250kV X2 8 HRH LT,
900r/E LI _| CxE AN 2 3o, 1,000r8
DT s LT, 800r/iE TlxfED
MAEFEAE &V v SEREEAR bR, ZALUT T
—5 L7-WayZe (b 2 B Tw iz, Lederman2)
BADEFARIIERCHAERCHE LR,
7= Becker? IG5 OBFZEAHEL T 1 200kVp, 100
~1,300r L5 8 s A O JSEHERE & FF kW
O 2 B R, 5 4L B, Cogan & Donaldson
E® 5k 200kV 5 X 181,200kV D1,500r/15~30
HLLECHEBRROMA, FHELPHEL, F£4128
%7 ¢ 1,000r/ 200kV, 1,500r/1,000kV 3%
ETH 3 EvS, EECEILBRORREIZO W
TR, RS ZEL, MECEIRE
#1,700r (150kV, Al :3mm) DI FELTW3, %
7= IR0 %EER ¢ Brunst® Eig~iBikEE 06,000
r C389% TS BT,

2) BhiEsEIROWE NS

Dl ED#gEN S, A, RO ARIIKMAAE
T haukEWy0LEbA, BEXHRP R
MreRFEmceeTtdsrd. FOHERICLB L
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Table (4) : Combination of shell, source and field size, enabling the lens dose to be attenuated
below a certain permissible level.
: : . o | #1l.4cm
.Fleld size ¢ 5cn Field size 1% 1em
Au I Au T Au I Au II
Vict. Shal. Vict. Shal. Vict. ‘ Shal. Vict. Shal.
) i
I(E/ZUUI) D"‘VD‘ ‘ D1MD" Dl"le :Dl’""DA Dl""‘Pl Dl“"’Pl :Dl"“-'Pl Dl"‘-'pl
5‘9 i
(:Z/EUT) e D,~D;, e D,~D, D,~P, D,~P, D,~S, D,~P,
1% L
(ﬁﬂ = D, = D, D,~S, | D,~P, | D,~S, D,~S,
FRAREDO BRI NS BEERKEZRZTOIDL 1) ImEE

B xn3 L, FO_FICZ0 i —wianik
WMTHBIFEHEETCHIETEZ3 3D LEDbA
37 D17, BMXRRIEOBAITIFE T L 5 2R
FROPGE 7 ThBERT LB\ EEZ 5.
Plastics #7788 #1747 ¢ T $0. 270m Au 7 3Dy
T0.14%, 0.73mm Au Tl Sz T 3 %EEITHRE
T35, LB oCGBEEROKII LS A, S2TH
Au FBROBEX LD TEFBELLEE LRVD
DEEZBD.

3) HRIE & FRETE DHRIR

A & D /ANEATE 1P CRRER 2 RS % o
4,000r FIEDSEIFHZIT S Z L BB whb, 2
Nr—BOEAREL U UKSERR 23HH T3 &,
£ (2), DX v&kDFE (DOFEREIBLNS. T
2oy 1H, 4534 %0 37#E4,000r (EE) %
RS L2238/ b, ARERRRE 232 D10% ( 400
r), 5%(200r), 1% (40r) OFRFZ Z 27X
5 Z2RRE RS O LSRR3R (DITRI L
T3, IKGEFARICET 2R OME» bE
Z5E, A TIE 5 ~109 2T IEIL109;
BEMEEERS %— 2D, ANETI1~59%IklkE—
BEES 5 %, BIERE 1 %125 DAY T
H53. LDk PHZEELERL T 2Bk
B E RIS R HERDETHS.

Ve il B

HAEZ T4 FIORBMEE, 150 IRWREIC>
T Au, Pb IR 5H & ¢ TRHA 24T, B
FREL~6 0 BRIEE LzR, A, Aifked
WEEZED Y, $7-AECREBIR AL .

Tz 338 % Da, 300r/ 338, #E3,000r/ 8 7 F
BEORH #1ToTw3. AHRICHL, EED
BB Eo7: Pb R & |RZ 0 L TiTHh
378, ZOMRASEE (HDOMmEHE OhRE
F L, L7230 TR Di~D: BEERE ¥ L
V. UL Dz DUF Clais iy Lo SE-RER & 2
72945, De~Dy #{ET % B IIRER 2 &
WHRETRE HETHS 5. S M EaFEY e
X5,

2) ¥

ARBE LT L T Da~Sz, 4,000r/238 ~ 338 &
EORFTMTON S Z 2 BB R, ZOHEIEHHE
BB L CPIMEE e & OB AR & 22 B 7z
D, NREAEGE D »BEECHART 20 kL2
BEv. D it IEFREEEIZILED S B2,
IhTCECMOFE L ABEDIERREIE LN S
MBI RER S

VI. #83F L bUICiER

TREUBBhRESIR & L TR ) BR&E h B4R,
PERERE IR R L AR LMW AE (EETB Z 2T
dhH. BE LGRS, Au DESMNIHE, KFia
PRURIGREL, RN GEE, % TSR A
ZEWCHE L, M0 MR s REE BT 23, M
2 EMELTACD L E 2R D7 FICPD, Au
W7 CEANEE M7= 3RO BiliEk R % =T
KR #4707, 972 b Paraffin Phantom
i Polystyrene j#it%, Al 74 &% grAL T,
FEIRE MY, Shallow Chamber ¥ XUt FE LAl
Film 2k 2% 217, Z0ckiz & Pb b
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Bk Au BEIRIRDTERRIC D\ T HERE L
7. BIZZAWEPEBROERCA L, mOFERIC
L.

1. BHEZEMREM L LT Au 12 Pb L bh@h
T3,

2. ZWRO7», WE, BROEXB LU
FDRE, ODZEDHBEDLRECRAILEDT,
FERA RIS LT 5.

3. —EAzI: Au ZE[RY Pb B, —vii
P D B 8y TR FRS D PIEIC L 3 i EgiE s
WETHSB,

4. BEXHE AVWBER D, AuZEERIZPb & A
OTEELRIPELLEL 2T, ZOF&X Au
D OflitE LR ZFCS5THS 5.

5. [hEsmIRxEMA LTy, #E LRSIy
L, kiR, ARSI FHLadhiZks
7\,

FRLOBER 200 REZHEBESBE I &
WTHEEL .

SEABLEE, RFEBoHAMCE < sflvsl
LU THESLE.
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