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Fig. 1. Frame of low melting point alloy lead

(Fig. 2).

AFEHL 958 AF7F47](Clinac iX, Varian,
PaloAlto, California, USA)$} ZE] A HE(RW3,
PTW, Freiburg, Baden Wurttemberg, Germany), 33
7+ AHe|eHExradin P11, Middleton, Wisconsin,
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Fig. 4. RW3 Phantom(PTW Freiburg, Baden Wurttem-—
berg, Germany), Exradin P11 ion chamber(Middleton, Wis—
consin, USA), Unidos electrometer(PTW, Freiburg, Baden
Wurttemberg, Germany)

USA), A94(Unidos, PTW, Freiburg, Baden Wurt—
temberg, Germany)& ©]&5}o] A|8Y5}cHFig, 3,4).
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Fig. 5. Position of ion chamber at zero depth in the phan—
tom

Fig. 6. Position of ion chamber at depth of dose maximum
under the phantom

Fig. 7. Position of block on the phantom surface

_—
M
I I I
i
I

Fig. 8. Position of block on the mold frame of applicator
cone
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MY

Ak

1. (B™ Zo| / E5 #Ixl / EZ ®HE)o| (=T
2lA0IE / &4 B mf FAHSI ol e A2tH[E 2

A A EF O] gl NERAFORY] Vg Bt
15.28 nC ©. & =%%|%J3(Table 1), &= F47} 3, 5, 10,
15, 20 (mm) 402 =75k ule} Adjgtaien] &)
15.33 nC(+0.33 %), 15.28 nC(0 %), 15.08 nC(—1.31 %),
15.05 nC(-1.51 %), 15.07 nC(-1,37 %)= Z}Z} =3 =3ich
(Table 2). 55 577} 15 mm7HA] 57185 324 Akgt
H|-&-2 748t} 20 mmollA| THA] 57 FsFicHFig. 9).

r2

~

N 2
B

2. (B8 Hol/ 5 HXl/ E5 ME)0| (BH / 0=

Aol / &3 B)Y o Sl mE A2tH|E Zat
22 L7} 3, 5, 10, 15, 20 (mm) &0 82 Z7)5to] u}

2F ATZHAFHIR)S 15.19 nC(-0.59 %), 15.25 nC(=0.20

%), 15.15 nC(=0.85 %), 14.96 nC(-2.09 %), 15.15 nC(~

0.85 %) &2 27 ZAwck(Table 3). &2 FA7} <73t
= 3 AFHg-S 2710} A E WS tHFig, 9).

Table 1. Standard value in case of non block open field
Num, of

u'm © 1 2 3 4 5 Average(nC)
time

Surface | 1528 | 1528 | 1527 | 1528 | 15.28 15.28
Dumax | 1874 | 1874 | 1875 | 1875 | 1874 18.74

Table 2. Relative scattering ratio with increasing block
thickness in case of (depth of measurement/location of
block/block composition) is (Surface/Applicator/Pure Pb)

Num. of time 3 mm 5mm | 10mm | 15mm | 20 mm
' (nQ) | Q) | (hQ) (nC) (nQ)
1 15.33 15.29 15.08 15.05 15.07
2 15.33 15.29 15.08 15.06 15.08
3 15.34 15.28 15.08 15.06 15.07
4 15.33 15.28 15.08 15.05 15.07
5 15.33 15.28 15.07 15.05 15.08
Average(nC) 15.33 15.28 15.08 15.05 15.07
pesrzzggge +033% | 0% | -131% | -1.51% | —137%
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£ HENo| (BH / HE
AS71oll EEPE AtzHd|g Zat

, 10, 15, 20 (mm) =2 & Z7}3
of ufe} %ﬂm(&%}ﬂlg)—% 15.62 nC(+2.23 %), 15.59
nCH2.03 %), 15.53 nC(+1.67 %), 15.48 nC(+1.31 %),
15.34 nC(+0.39 %)= 217} S3=|3ItH(Table 4), £5 F
A7} 7V S HH ARHIE S 7St BE
o] W AHEE 55 )7} ofZEA0IE Y wjrct
Bt 2.30 % =7 Z79=130cHFig. 9).

EHE 0|/ EE X/ &
ol I
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Table 3. Relative scattering ratio with increasing block
thickness in case of (depth of measurement/location of
block/block composition) is (Surface/Applicator/Cerrobend)

Num. of time 3 mm 5 mm 10mm | 15mm 20 mm
’ (n0) (nQ) (nQ) (nC) (nC)
1 15.19 15.24 15.15 14,96 15.14
2 15.19 15.24 15.15 14,96 15.15
3 15.20 15.25 15.16 14,98 15.14
4 15.19 15.25 15.14 14,96 15.15
5 15.19 15.25 15.15 14.96 15.15
Average(nC) | 15.19 15.25 15.15 14,96 15.15
Scatter
-059% | —0.20% | —0.85% | —2.09% | —0.85%
percentage
103.00%
02005 A
101.00% ~4—Surface/Applicator/Pure Pb
:E:’ 100.00% =B~ Surface/Applicator/Cerrobend
% ~d—Surface/Phantom/Pure Pb
g 99,00%
& == Surface/Phantom/Cerrobend
2 98.00%
E
2 97.00%
96.00%
95.00%
3mm Smm 10mm 15mm 20mm

Thickness (mm)

Fig. 9. The graph of relative scattering ratio according to
increasing block thickness in case of block position is on
the phantom surface
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Table 4. Relative scattering ratio with increasing block Table 6. Relative scattering ratio with increasing block
thickness in case of (depth of measurement/location of block/ thickness in case of (depth of measurement/location of
block composition) is (Surface/On the phantom/Pure Pb) block/block composition) is (dm/Applicator/Pure Pb)
Num. of time 3 mm 5 mm 10 mm 15 mm 20 mm Num. of time 3mm 5mm 10 mm 15 mm 20 mm
’ (nC) (nC) (nC) (nC) (nC) ’ (nC) (nC) (nC) (nC) (nC)
1 15.63 15.59 15.52 15.47 15.34 1 16,70 16.84 16,71 16,88 1691
2 15.62 15.59 15.53 15.47 15.34 2 16.70 16.83 16.71 16.88 16,90
3 15.62 15.60 15.52 15.48 15.35 3 16.72 16.85 1672 16.88 1691
4 15.63 15.59 15.53 15.48 15.34 4 16.70 16.84 16,72 16.88 16,90
5 15.62 15.59 15,53 15.48 15.35 5 16.70 16.84 1672 16.88 16,90
Average(nC) 15.62 15.59 15.53 15.48 15.34 Average(nC) 16.70 16.84 16.72 16.88 16.90
Scatter Scatter
+223% | +2.03% | +1.67% | +1.31% | +0.39 % -1087% | -10.12% | -10.78% | -9.93% | -9.82%
percentage percentage
Table 5. Relative scattering ratio with increasing block 94.00%
thickness in case of (depth of measurement/location of e300
block/block composition) is (Surface/Applicator/Cerrobend)
92.00% =4 dm/Applicator/Pure Pb
. 3 mm 5 mm 10 mm 15 mm 20 mm )
N L f ti < 9100% im, icator/Cerrol
um, of time (nC) (nC) (nC) (nC) (nC) 'E ~H-dm/Applicator/Cerrobend
& 90.00% == am, iantom,/Fure
1 1556 | 1555 | 1551 | 1543 1538 F dniPrantom/puet
2 1556 | 1555 | 1551 | 1543 | 1539 g =¥l Cariked
3 15.57 1555 15.52 15.42 15.39 E. 88.00%
[}
4 1557 | 1556 | 1551 | 1542 | 1539 “ oo
5 15.56 15.55 15,52 15.42 15.39 86.00%
Average(nC) | 15.56 15.55 15.51 15.42 15.39 #5.00% -
3mm Smm 10mm 15mm 20mm
Scatter
+183% | +1.77% | +151% | +0.92% | +0.72% Thickness {mm)
percentage
Fig. 10. The graph of relative scattering ratio according
to increasing block thickness in case of block position is on
4.(E™ o]/ EE x| / E= ME)0| (EH / THE the phantom surface
A/ EDY mf FAHS7to] w2 AZH|E Zat

=y g §

=H O
2= -‘%71]7} 5,10, 15, 20 (mm) <02 =ypat 15,20 (mm) &0 2 I7kgho] uhet Arigh(iheral &)
nC(+1.77 %), 15.51 nc(+1,51 %), 15.42 nC(+O 92 %) %) 16.88 nC( 9.93 %) 16.90 nC( 9.82 %)E 217} 245

15,39 nC(+072 %)% 27t ZAHEc(Table 5), 85 5 WHTable 0, S5 A} S7ARE A1 AlRbIE2
A7} 2Pk i A SL ZelelT, RE 27 A= 7ot e B, BE FAY A AR

o] EW AL S B2 %7} ojZeAolgd wjmey /AT Bt 10.30 % WA S 1CHFg., 10).

Hat 2.27 % =7 3= AcHFig, 9).

[

6. (EH 20|/ =25 HX| / £ ME)0| (ME / oE
5. (27X 20| / 22 9%| / 22 x{E!)0| (AL / 0f= 2IA0lE / &3 &)Y i FAIS7to| e M2tH|g Za}

[i

2IA0IE] / &4 Y 0 FAS7I0 ME A2l Zat =5 F7E 3, 5,10, 15, 20 (mm) 0.2 S7Fore] o}
A ELo|| A] ;‘(]—rlﬂﬂio] AL RAbOFY] 7|RZRe Wt 2} AT ZHARH]E)-E 16,83 nC(-10.19 %), 1712 nC(—
18.74 nCO.2 A 1(Table 1), B2 £7)7} 3, 5, 10, 8.64 %), 16,89 nC(=9.87 %), 16.77 nC(-10.51 %), 16.52
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Table 7. Relative scattering ratio with increasing block
thickness in case of (depth of measurement/location of
block/block composition) is (dm/Applicator/Cerrobend)

Num. of 3 mm 5 mm 10 mm 15 mm 20 mm
time (nC) (nC) (nC) (nC) (nC)
1 16.83 17.12 16.89 16.77 16.52
2 16.83 17.12 16.87 16.76 16.51
3 16.82 17.12 16.89 16.76 16.53
4 16.83 17.12 16.89 16.77 16.52
5 16.83 17.12 16.89 16.77 16.52
Average(nC) 16.83 17.12 16.89 16.77 16,52
Scatter
-10.19% | -8.64% | =9.87% | -10.51% | -11.85%
percentage

Table 8. Relative scattering ratio with increasing block
thickness in case of (depth of measurement/location of
block/block composition) is (dm/On the phantom/Pure Pb)

Num, of 3 mm 5mm | 10mm | 15mm | 20 mm
time (nC) (nC) (nC) (nC) (nC)

1 17.40 17.45 17.35 17.42 17.25

2 17.42 17.45 17.34 17.42 17.25

3 17 .41 17.45 17.34 17 .41 17.25

4 17.41 17.44 17.34 17.42 17.25

5 17.41 17.45 17.35 17.41 17.25
Average(nC) | 17.41 17.45 17.34 17.42 17.25
pesrz::ge ~7.10% | ~6.88% | 7.47% | ~7.04% | ~7.95%

Table 9. Relative scattering ratio with increasing block
thickness in case of (depth of measurement/location of
block/block composition) is (dm/On the phantom/Cerro—
bend)

Num. of 3 mm 5mm | 10mm | 15mm | 20 mm
time (nC) (nC) (nC) (nC) (nC)

1 17.45 17.43 17.46 17.43 17.35

2 17.45 17.43 17.47 17.42 17.36

3 17.45 17.44 17.46 17.42 17.35

4 17 .44 17.44 17.47 17.43 17.35

5 17.45 17.44 17.47 17.43 17.35
Average(nC) | 17.45 17.44 17.47 17.43 17.35
pefzztrfarge 688% | ~6.94% | -6.78% | -699% | ~7.42%
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nC(-11.85 %)= Z¥7 Z4=|9tHTable 7). &5 FA7}
S7VEE AR A g Zrlsit Al BE
FAL] gk GAl 24\ s R AR 7]
o} 3t 10.21 % A S Ack(Fig. 10).

x| / E5 HE)0| (M / HE
Q| / &4 hY mff SHIS7I0]| W2 A2HH|8 Zn}
B2 2771 3, 5, 10, 15, 20 (mm) <0 &2 273t u}
2} A ZEAFEH]8)-8 1741 nC(-7.10 %), 17.45 nC(—
6.88 %), 17.34 nC(~7.47 %), 1742 nC(-7.04 %), 17.25
nC(=795 %)= 247+ A=tk (Table 8), 2 =77} =

7.&EH Hol/ 8

7= (Fig. 10).

—~~

ZY HO|/ =5 AXl / =25 ME)0| (15 / W
= =Y W FAS7tl T M2tH|E 2t

A7) 3,5, 10, 15, 20 (mm) <=0 & Z71gto] u}
AR ATH]E)-2 1745 nC(-6.88 %), 1744 nC(-
6.94 %), 1747 nC(=6.78 %), 17.43 nC(~6.99 %), 17.35
nC(-742 %)& 77} Z7=|9)cH(Table 9), B5 FA7t 5
7}°**E A *Jahﬂ < dAR gasiglal, B A
HI PRPZRIR AR 7] gk W
= %’Wﬂ ofETACIE iz 7-fErt
%i—%?ﬂ =731t (Fig. 10).
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© 7 ZA%]IcH(Table 2,3, Fig, 9).
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TH(Table 4,5, Fig. 9).
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The study on the scattering ratio at the edge
of the block according to the increasing block thickness
in electron therapy
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Department of Radiation Oncology, Institute for Medical Sciences, Chonbuk National University Medical School?,
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Kwon Hyoung Cheol*?, Lee Sun Young>¥

Purpose: The purpose is to clarify the effect of additional scattering ratio on the edge of the block ac-
cording to the increasing block thickness with low melting point lead alloy and pure lead in electron
beam therapy.

Methods and materials: 10x10 cm? Shielding blocks made of low melting point lead alloy and pure lead
were fabricated to shield mold frame half of applicator. Block thickness was 3, 5, 10, 15, 20 (mm] for
each material. The common irradiation conditions were set at 6 MeV energy, 300 MU / Min dose rate,
gantry angle of 0° and dose of 100 MU. The relative scattering ratio with increasing block thickness
was measured with a parallel plate type ion chamber(Exradin P11) and phantom(RW3) by varying the
position of the shielding block(cone and on the phantom), the position of the measuring point(surface
ans depth of Dmad, and the block material(lead alloy and pure lead).

Results: When (depth of measurement / block position / block material) was [(surface / applicator /
pure lead), the relative value(scattering ratio) was 15.33 nC(+0.33 %], 15.28 nC(0 %), 15.08 nC(-1.31
%), 15.05 nC(-1.51 %), 15.07 nC(-1.37 %) as the block thickness increased in order of 3, 5, 10, 15, 20
(mm) respectively. When it was (surface / applicator / alloy lead), the relative value(scattering ratio)
was 15.19 nC(-0.59 %), 15.25 nC(-0.20 %), 15.15 nC(-0.85 %), 14.96 nC(-2.09 %), 15.15 nC(-0.85 %) re-
spectively. When it was (surface / phantom / pure lead), the relative value(scattering ratio) was 15.62
nC(+2.23 %), 15.59 nC(+2.03 %), 15.53 nC(+1.67 %), 15.48 nC(+1.31 %), 15.34 nC(+0.39 %) respectively.
When it was (surface / phantom / alloy lead), the relative value(scattering ratio) was 15.56 nC(+1.83 %),
15.55 nC(+1.77 %), 15.51 nC(+1.51 %), 15.42 nC(+0.92 %), 15.39 nC(+0.72 %) respectively. When it was
(depth of Dmax / applicator / pure lead), the relative value(scattering ratio) was 16.70 nC(-10.87 %), 16.84
nC(-10.12 %), 16.72 nC(-10.78 %), 16.88 nC(-9.93 %), 16.90 nC(-9.82 %) respectively. When it was (depth
of Dmax / applicator / alloy lead), the relative value(scattering ratio) was 16.83 nC(-10.19 %), 17.12 nC(-
8.64 %), 16.89 nC(-9.87 %), 16.77 nC(-10.51 %), 16.52 nC(-11.85 %) respectively. When it was (depth of
Dmax / phantom / pure lead), the relative value(scattering ratio) was 17.41 nC(-7.10 %), 17.45 nC(-6.88 %),
17.34 nC(-7.47 %), 17.42 nC(-7.04 %), 17.25 nC(-7.95 %) respectively. When it was (depth of Dmax / phan-
tom / alloy lead), the relative value(scattering ratio] was 17.45 nC(-6.88 %), 17.44 nC(-6.94 %), 17.47
nC(-6.78 %), 17.43 nC(-6.99 %), 17.35 nC(-7.42 %) respectively.

Conclusions: When performing electron therapy using a shielding block, the block position should be
inserted applicator rather than the patient’s body surface. The block thickness should be made to the
minimum appropriate shielding thickness of each corresponding using energy. Also it is useful that
the treatment should be performed considering the influence of scattering dose varying with distance
from the edge of block.

» Key words: Electron shielding, Scattering dose, Block thickness, Low melting point alloy lead, Pure lead
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