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A Method of Skin Dose Calculation for Arc Therapy with Medium Energy X-ray and RI
7 - ray.
By
Takeshi Yamazaki, Yasushi Shigemastu 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)

This theoretical and experimental study was made to establish a simple and exact me-
thod of skin dose calculation for arc therapy, and to solve some problems of the dose close
to the surface.

With the recent advancement and spread of high energy beam apparatuses, the skin da-
mage seems to have become not so critical problem for practical radiotherapy as in the ti-
me of conventional X-rays. In spite of the decrease of necessity, the writers are of an opi-
nion that the dosimetrical study close to the surface should not be set aside, because there
develop a number of complicated problems with increased practicality of supervoltage radia-
tion. Moreover, some basic problems still remain unsolved even on the practical terms and
definitions.

So, in this paper a theoretical fterm of ‘‘cross-sectional field size” was proposed after
some considerations on the definition of the term “‘field—size” for the diaphragm-limited beam,
and some measurements were taken of the skin dose.

On the theoretical primary beam, having no penumbra, uniform dose distribution and no
deviation from inverse-square law, lets the cross-sectional width of this theoretical beam,
equivalent to the practical beam on numerical calculation, W’ c¢m at skin position.

So W’ may not be equal always to the 50 % dose line (width) of the practical bearn.
Assuming that this theoretical beam passes perpendicularly to the infinite water surface,
and total scatter dose both inside and outside of the beam may be given uniformly during
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irradiation,irradiated time corresponds to the above mentioned effective cross-sectional width of

the beam W’, and the effective backscatter factor EB may be defined for arc therapy, moreover,

whose numerical value is far larger than B, the backscatter factor for stationary therapy.
Average skin dose rate of one arc movement Ds may be calculated by the following for-

mula from Dr. Miyanaga's(11) analysis :

Do 57.3-W'K-€B

T-0

Al R/min.

Here, T cm is the depth of axis, # degree is the pendulum angle, A’ R/min. is the air dose
rate at skin position and K is the experimental correction factor for both body contour and

beam convergence.
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Fig. 1
Tumor-air ratios of the conventional X-
rays close to the surface
190kVp, Filter ; 0. 7mm Cu+0. 5mm Al
HVL ; 1.4mm Cu
Source Chamber Distance 60cm
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Fig 2

Tumor-air ratios of ¥'Cs y-ray close lo
the surface.
2000 Curie Unit
Source Chamber Distance 60 cm
Relative to the peak dose
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__// D
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1300+
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Fig. 3
Percentage depth dose curves of X-ray
close to the surface.
Air dose at surface 100.0
D & E correspond to those of Fig. (1)
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Fig. 4
Percentage depth dose curves of ¥Cs -
ray close to the surface.
Peak dose : 100.0
A, B & C correspond to those of Fig.

(2)
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Relative
Ionization
/’! 1400
11,300
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15.6 X 15.6 (50%)
at H0cm
= }/7 A1.200
.- Source CD 60cm /Z 1
I 5.3 X5.3 (50%)
at Eacm/{ 11100
Nindose Withaut .
\ Httark , f
Surfuce Chanter 25 5 0000
Distance

Fig. 5

Relative ionization in air at the same source Chamber
distance changing the level of water surface.

Air dose

W%, RIS O RS M & AT E R L ofE R
WK CIRIET 5.
IV Zrhig@ 57 OFE

BELBAIE EA S F IR — R
ELT, FEHsak S#Asco Uniform
Dose Distribution & ssd (=33 %3 2 SEAI T
MERT5, Lo LR Diaphragm limited
ORETIHEFFRRE N2 ELERERNTHTLD
Uniform ©iz<, i BPrBri-HR14TL
i) OBRMAEER S, ssd 22T L Biffiic
2 FAZERT B HCii@hisy . FEEIRS
RO, —cREFFHELSD & LEROR
BHEAEAE L THY bh 27, ThEERT
FIRL, MhoFEEL L, FoEROCHSE
ERRZEL KD 5 A, B ENE ONBCTES
EE L il oin,

A RS OER

&L CRTRHOHE, ETFEUAD KoK E
T RTIRSFRM & L CoOEST kel 57
», ThEEMCERLLTERLAEEE
Ll %, WhWA CHEE” BT 5 RE I K
(6)ITRTHBAD X 5 /eZechifil, HffAB

—118—

1 1.000 (See inserted figure)
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Fig. 6

Diagrammatic illustration of some defi-
nitions on field size.
OA : Air dose rate
OAB : Skin dose rate
OA'eB : Effective skin dose rate (See
text)
OF, : Effective cross-sectional width
(tentatively named by writers)
OF, : Effective field width by Dr. du
MESHH{SJ {4)
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Air dose distributions of conventional X-

ray along minor axis of rectangular fie-

1ds.
Source Chamber Distance 44.9cm
Collimator Chamber Distance 17.5cm
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Fig. 8
Air dose distributions of *'Cs y-ray alo-
ng axis through the center and parallel
with a side of square fields.
Source Chamber Distance 50cm
Collimator Chamber Distance 14.5cm
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Table (1)

Variations of 50% dose field width and te-
ntatively named effective cross-sectional
field width influenced by field length.

(X—ray. ssd 50cm, average of both side)
and twice repeated value

' 509 Line (Minor |E£fective cross—
i i i : onal size |
Field Elongation Axis) 5351}1?113 ! |
(mm) (MIH‘-:C;TI;UJ?)}US) |
1.0 50.8 53.3 i
! L5 | 51.0 53.6 i
: |
| 2.0 51.0 54.5 E
| 3.0 51.2 Ly
£F.
g
cm
0F
/ é)
10F /
&
o
p o
(3"3%&5:4
> gd'\
g :@\J
oes . 509 Li
GU 10 - 20cm

Fig. 9
Relations between the 50 % air dose ar-
ea and tentatively named effective cross-
sectional size of the conventional X-ray
beam

BT, ERRES A REECENL, mitsty
FAWCT L DR RMTE 2 HH Ui & B % R
7. AP 50 % Line, FEEEWC = DY
Buhud B A (XEEIR B, RO
BREX ED V=L & TS MBI 55, H
ERELZEBLT, XHTxpolibEo 0.5%
¥C, YCsy #T 1%, Shutter-block » Edge %
THEET D Z LT L. #2TEDOEDB R E
BRIRIDLELIRARE LI B, Bnb,
XBOBAEZOEIXL50 % Line kkfE—FK+ 2
75 BRR—TEHERIRY 46~65 cm o HE T, Pk

BARESRHMF2MEE $238 H125

Eff. Cross
Section

cim
20

. 50% Line
0 10 I5cm

Fig. 10

Relations between the 50% air dose area
and tentatively named effective rross—
sectional size of the ¥Cs y-ray beam.
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froFh L2 TR 3 ORI T 50
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Victoreen Model 131 3 LU° 621 &7, &
BhRO2NTFET, FHEMCLILERE LD ssd %
M 2 RS AT o Lo T, Wlsr RO
BRI OBES: H 50~70cm OFEFEIT Ik, R
EOIEBOE I+ 1 BT T 2 FANLIE $ R
ThH, XBTik 456~65 cm O T 2~4% &
S—-EHA (Oliver & Kemp THE O #K™ &
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Table (2) :
Measured air dose of various ssd and fie-
1d size comparing with calculated dose by
inverse square law.
The size of the beam means 50% line at
g5cm (X-ray)d: 70cm (3¥Cs p-ray).
Avevage of 3~ 5times repeated measure-

ment.
X-Ray 4x4 | 6x15 | 15x15
Measured 78.9 Mﬂ‘ 87.9
ssd 45.0cm
Calculated (1) | 76. 0 83.3 86.6 |
# 43, 9cm/Calc. (2) 77.2 | 84.7 | 8.9
Meas. 62 9 58.4 70.9
# 50.0cm|—— -~ -
Calc. (1) 67.4 | 70.1 |
# 48.9cm|Calc. (2) 62.2 | 68.2 ‘ 70.9 |
Meas. | 5.6 | 56.0 ‘ 58.5
# b5, 0cm - 1
Calc. (1) 50.8 | 55.7 | 58.0
#» 53.9cm|Calc. (2) 5L2‘5&1‘5&3
Meas. BJE4&9‘QJ
# 60. 0cm |——
Calc. (1) 2.7 | 46.8 | 48.7
# 58.9cm|Cale. (2) 42.9 | 47.0 | 48.8 |
# 65.0 i
6 o) Meas. §§1§_J 30.9 | 415 |
13Csy-Ray 7x7 | 8.5x18 18x18 |
|Meas. 9.0 | 92.5 | 94.3 |
|
ssd 50.0cm i
Calc. 80.0 | 93.8 | 9.2 |
Meas. 74.2 | 76.9 | 78.3 |
# 55, 0cm| |
Calc. 73.6 | 77.5 | 78.7 |
Meas.  62.2 | 65.1 | 66.3
# 60.0cm S el Bl
Calc. 6.8 | 65.1 | 66.1
Meas. 53.0 | 55.6 | 56.6
» 65.0cm
Calc. 52.7 | 5.5 | 56.3
# 70. 0cm|Meas. 5.4 | 47.9 | 486 |

FZR) ~OFhiRbhte., £ T ssd %
AR E L TR E R AR % R D B
L, FEMEL D L 11 mm £ ssd EE FGIUT
W2EA M bOTh D (2%LT) o
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LR LHE 102 11EFILET, FAED
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filiid. ¥"Cs % *Cor MOWHEMWEWE TILME
BMTER\, FIDOXSITHELERTS &,
BAFHEADERORERIC L D LBbid Re
sponse DF L, FEF U 7 b H AT EHEE
~D.C. Amp. OfFREMREEDL MEELD. Fic
Condenser 'EHEN i & 2 BoMofERE T
#HiF o Shutter BENEE $ BRI 5. & X
fRAko ¥'Cs 0 L 51 Spring X0 § O Tl
BB L CHENR DD, RERLZORAME
CFNEET, ERRSREHEIEL ssd, FHENMTEE
& A EERBFRICH LAPEH I B. 62 T2.5
SHIORETIL 1 % ORIREZE . K< Vict-
oreen 621 @ Stem leakage“® 9 T A B A,
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HRANC BT, FREDO—& P iLihii ABiope>
TR TR E NS, Z OBIETER, il
HRE, BROKRE S, RIS I oTHEMEE
125, FTHMAREEZD L BERAP
# i ¥ 5IRfEIT Oblique Incidence 4 #EH LT,
SERKE B S W BECEET 2B b
HLE (6) ot AB I EUTE 5. EMAET
DZEfE X du Mesnil £ “Belichtungszeit
OO BBVIXERE O BMET P 2w
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Fig. 11 : Air dose and Peak dose Distri-
butions along axis through the
center and parallel with a side.
(¥7Cs)

Square Field
ssd 60 cm

Fig. 12

Diagrammatic illustration of momentary
skin dose rate given by arc therapy.
“P"’ shows the point exposed max.
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Effective backscatter factors of X-ray
graphically calculated from Dr.
Worthley & Wheatley’s Table®
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