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An Experimental Study on a Compensating Wedge Filter for Telecobalt Therapy
By

H. Tsunemoto, G. Kusumoto, H. Fujita, S. Furukawa, S. Koike
Division of Clinical Investigation, National Institute of Radiological

Sciences, Chiba, Japan

There have been several reports, concerning the compensation of oblique incidence of radiation. It
is an important fact that the damage of the skin may be spared to some extentywhen high energy radiation
beams are used, since this type of radiation builds upthe maximum dose at a depth below the surface.
From the experience we have had, the compensator should be set on the diaphragm of the therapy unit,
by which the effects of the skin sparing can be preserved. In our laboratory, an attempt has been made
to develop a better method of compensation for oblique incidence of 8Co beam radiation. Applying the
method of Van de Geijn (1963), we have adopted a follwing simplified fonmula of the construction of the

compensating wedge filter;
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tan 8= -%,ux (2)
in which
t: thickness of filter
x: the thickness of tissue, corresponding with the thickness of t
f: source skin distance
a: source diaphragm distance
w: field size
B: angle of the wedge filter
w: the effective linear absorption coefficient for water
A: the linear absorption coefficient of the compensating material

A value “x” of 0.047cm—1 is employed for 0Co, SSID 75cm. The “x” of this value is caluculated from
Depth Dose Data (Brit. J.Radiol., Suppl., No. 10, 1961), and it is also decicded from clinical considerations.

Sufficient compensations were obtained from our experiment with the wedge fllter, using this formula
and the “p” of this value.

In this way, a thickness (t) of the filter material corresponds to the thickness of tissue (x): for example,
0.5mm of copper corresponds to 5.3mm of tissue,

The unevenness of the patient’s body surface can be expressed by the contour lines, projecting the

rays passing through the parallel slits which come from the both sides of the patient. Insuch an arrange-
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ment, it is easily achieved to get the contour of the copper compensating wedge filter, by adjusting the

spaces between contour planes to the copper equivalent thickness of tissue (5.3mm).

The practical method employed in this experiment is as follows. At first, a photgraph of the contour

lines of the patient is taken, and then it is skaled down to allow the divergence of the beam. The compen-

sating wedge filter, thereafter, can be easily made by sticking copper plates (0.5mm thick), one above

the other, which are cut along the contour lines, as it corresponds to the photograph.

The compensating wedge fllter made by this method has shown the sufficient effect for our purpose,

so that it can be easily applied for routine clinical use.
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(1) Compensating wedge filter ¢ &% :

Van de Geijn®) i3 Simple wedge type ®

Compensating filter ##g1g 1., Filter @ E&
(t), B L Filter oAESZTRARTRLE.
t= o (e (@=0.5)—pamx (A=x—0.5))-(1)

tan 8 =—Lo o - (ha (d—0.5)—pg-x(d—x—0.5))
w2

ug : The effective linea absorption coefficient
for water at a depth d on the axis of the
beam.

A : The linea absorption coefficient of the
compensating material

@ : The depth, mesured along the ray through
that point, in practice equal to the depth
parallel to the central axis.
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Fig. 1. Schematic diagram of a typical com-
pensation problem.

fooreen $SD; a-....-source diaphragm distance;

t--.--thickness of filter;

x------thickness of tissue;

W...dimention of field
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LI EBN, BEOMBE LT, pa il
247 Constant k LTR DB Z ENTENIE,
Filter #3317 5 Rz diF84TH 3.
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tang = -t .1,
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Fig. 2. Isodose curves for *Co, 8x8 cm field,
SSD 75 c¢m, inclined at 45° to the surface
of phantom (with wedge filter).’
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Fig. 213245° Compensating wedge filter %
ERLI:—fTh 3.

M ED#ER LY S SD75eme, 1 % 0.047cm—!
& L7RIEER, BRI SR cE 3 22
bihs.

(2) 37tk Compensating wedge filter ¢l
YE =

PR o Bk 2% MBI 1ok ¥ 834, Simple
wedge tyre ¢ Compensator Ci3#ifk4575 %7l
ET2Z REECHB. = OITHRES R
5 Filter 1z oW TOEER 27>,
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& x X, Filter »EX t OBHRI,

b= - o+ uX

X
THEbINS.
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Filter #2854, 1#HOHIK (EX 0.5m) 1
¥ 5. 3mmDFEM A L, X, @WR 14 (BLX 1
nm) 3#913. TnnOFERG AT B,

Filter HUPE EORIEE » b, BN 0.5mmE X
DT &R LT 7.

Fig. 3. Diagram to illustrate the method, with
which the contour lines on the body are
obtained.
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Fig. 4. Photograph showing the contour lines
of the patient’s face.

Fig. 5. Picture of the Mix-) phantom with
the contour lines. Placing the scale with
the subject, this picture can been scaled
down to allow divergence of the beam.

Fig. 6. A copper compensating wedge filter,
constructed by applying the picture in Fig 5.
BBV T 50T, ZOMEE CTHHiANT %
WERDB.
L72B3oT, SEiEHRP L7 Film 23K
ma/f(f : SSD, a: Source diaphragm distance)
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D W TR hiE(Fig. 5), = mFEG: Wedge
filter D2k 3377,

IOGTERGE DI ER 2P hnE, EhAX
nix, Wedge filter W5k ¥ % Z LA TE 3
(Fig. 6).

Fig. 5 1z Mix-D #lo 7 -Phantom @248E#
2L, Fig. 6 3% hnbfEorito Wedge
filter T» %.

Yz, o Filter 248 LC, FHESE h o
Compensation 2345 h. 2 1B h 2 L7,
Fig. 7 o, =o Mix-D %IE-Phantom

Fig. 7. Experimental set-up for this experi-
ment. The Mix-D phantom and the compen-
sating wedge filter shown in Fig. 5 and 6
are used.

o
%

RN

I
i
1
|
|
p—-.—‘—r-—-o-_....q
!
|
|
|
|
|
|
|
1
1
|
1
|
|
|
I
|
I
I
I
I
I
I
I
I
I
'

[ S S N S T | IS T T N T—
12 10 8 6 4 2 0 2 4 B 8 10 12

Distance Across Beam (cm)

Fig. 8. Dose distribution curves obtained from
the experiment in Fig. 7. Sufficient compen-
sations are shown,

@®:-----Center of the beam
Horerern Different hight of the beam
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(Fig. 5) #7k-Phantom 128X ¥, Zhic
Wedge filter (Fig. 6) 2 LT, fo5
& DRFIES3AG % HI5E g L 7-.

FOFERIE Fig. 8 127, 5247 Comp-
ensation 234§ 5 h7:.

= Ok eEo - Campensating wedge filter
BEVED RS T, 20 EHS R MELNZO
T, RO EGFIATCE 2 0 Bbh 3.

B
e A OBl %5 <5 7 BRI, B
MOMANRD S, F LT, = pEEnlsodose curve
DEFRDHFIEL LT, WOFERZZ LR T
5.
(1) Standard isodose chart #f&I1F L Tk
AT 5.

(2) Simple wedge type ¢ Compensator %
T 358k

(3) #A#k&:(H > Compensator ¥ {iifI¥ %%
.

(4) sEMo Compensator #{lif] + 2%
FED5),

Standard isodose chart #»EIFE3 2 HH:E L
T,

(a) “p” Method”

(b) Inverse square law method®)

(¢) Half-thickness method?’
DZFEHOFEBRZBABbW TS, Zhb05 b
©, Inverse square law method #3fE % 2531 L
72 DITIECRER o] T 28, FFAMHE cEED
{f [V EF] 7 13 Half-thickness method } X
nTwis,

L L, REFR—FITk EMBHOEE,
A CHEORM 2 E T 20T, Z0 Kk
Routine work & U TEAT 312138 0EaHn
b5

Fn L by, Standard isodose chart 3%m
ISFIATES FEADNE, L) EEN T
b, BRPRATIC b FIRMEME S & .

Simple wedge type ¢ Compensator % {#ff
T %5tk Cohen #8)¢ Wax-compensator %

AASEE PACHIR A SR H244 mlls

HHHT 353, Ellis 24004 B8 Compernsator
HERT 3 5%, wihd, Compensator %
FEFT % 2 izt b Standard isodose chart ¢
WHERRECL, 7, Thi FE koL
BRI T 52 Lic k2T “Co o Hited Skin
sparing effect 2fRE L L3 L LT3,

Simple wedge type ¢ Compensator # fiJ{
T 5k, B4z Compensator % #4597,
f81E 3 % 4 o $ o7: Compensating wedge
filter #¥&ffiL <, - h2EBEOBEIEHT S
FEeTh 5.

Van de GeijnD 1k, FHBFOAZI28x%8
g L, Isodose curve 23 compensate X B
& #10em & U TEB L 7230°, 45° Compensating
wedge filter # (i/HT 2L, BHFRMNITIE 22°~
52° D O OEN B Z 3 L e LT 3.
ORI, Y, FHBFOAE XI12koTE
BIROBIGREL pa BB AT W30, 35
VIS DEMETSH B,

AR OHEDER (DB T, HBEFC
FREAE D\~ {E5EEA 2% L, Constant
2D p 2R®, Filter OG22 HHILL7.
S ED7semizB I 0% 0.047em—1 ¢ |,

(4) X YFF%i L7 Compensating wedge Filter
EFRCTT 272 EBR Tk, TEE 7B ngEs
compensate & 17z Isodose curve 23483 h,
5 ~10em D fE o Curve HZERY b W T, p
Oz 0.047cm1 & L7z Z OB ERERENC T
SFMT 22 LRTELIDNLBbN B,

L& L, Simple wedge type » Compensator
G 7 B M OBENGHT 3 2 2 1 352BE bR
THAHI.

Wax compensator 7 % FEkg, MM
D2 RBRO B i —B X ¥, FEOEWE
AR OB Az 5 X 512 L7-Wax com-
pensator %, FffX DML CHEEIC M 35k
ETHB. Lhrl, Z0OKE Tz, Compensator
FROET AMEE U R AT B - L/
Wehsrd.

Ellis 813, WrER3s 4 v FOT7N 3 = 26
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TFuw 7 PR L, = h#FIH L Compensator
PHEs FEREHEE Lz, 4503, S SDe0enT,

Compensator % F7 fiff2» & 20cm Df7fEI28E7% LT
WEDT, ZO7aY 70 s 4 vFix, B
HTH 14D EXHY TR Lo 3. HE

E, ZoFEETHo7- Compensator %, @i

BB 5 &, BERKRELAY, 372, Z0
MEZBMI B TOV T OMERLTBE,
Compensator DL THREAE RS,

A Al L 7=57fk Compensator D50, &
o 2 &ETEDb L, T 0% Filter
DVEBUZ G Lz Z L TH 5.

Filter JelizffRI L7z 0.5mmE X oD $AR 1349

5. 3um/E X DFERRC HY T 0T, Hhik (2

R FEe, RfRE% 5.%mm: L7- AR 05
FEEo. ZoMSEREE DIic R (X 0.5

m) ¥ hmnE, BRHEEZZLWCEOT, K
Compensating wedge filter &SR Z &
BTE.

¥/, ZOKFEckBE, Filter 2EFET 2
RS U R TRAT 22 L VEST, BE
IS F OB P NED 2.

Bz, RIo0A Y AAFZRERATEZLITLD
T, M ZERET 2 LV AETHS .

Ef @i 2 fE LT, EEREOREFEFICT
sDBEDIEHLOTIRELEbA T3, bh
Cbhhm#Z L7z Compensating wedge Flter it
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B, B 3 Uk Compensating wedge Filter
OYedlERG, BES TGS FEI Vs
PICEANT, BREESFACEZ 0L ED
na.

1. #% %

©Co y5#Ef Compensating wedge Filter o3
BB 2707,

EFOSHMISEHCHILDb L, T OMEEY
FIA LT Wedge filter 2 fpllld 2 52 B2 1L
7o

ZDFBEIC L B L, Wedge filter 13258128
fecE, BRIMCYEAFATEZ DL BN
5.
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