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Studies on the lung injuries following the X-ray
treatment of the breast cancer.
@
By
Heizaburo Ichikawa, M.D. and Tatsuo Arai, M.D.
Department of Radiology, School of Medicine Chiba University, Chiba, Japan
(Director: Prof. Hirotake Kakehi)

Studies have been carried out on the relationship between the lung injuries following
the X-ray treatment of the breast cancer and the dose received, using the special chest
phantom.

1) A chest phantom was constructed (Fig. 1-~3) which is almost identical to the
chest of a woman with operated mammary carcinoma, and the dose distribution within
the lung were measured when the Mac. Whirter’s technic was used for the treatment.
(Fig. 4~6) (Table 2)

The highest dose in the lung was 150-160 per cent of the surface air dose of one of
four portals. The part of the lung where the tissue recieved the highest dose was the
upper, anterior and outer part of the irradiated lung.

2) Iso-dose-curves in frontal, sagittal and horizontal sections of the lung, were
illustrated and the dose-distribution in the lung was made clear. (Fig. 7~18)

3) The lung tolerance dose was determined to be 3800 r in thirty to fourty days. It
would be influenced by the irradiated lung volume. (Fig. 21)

4) Lung doses of the chest phantom with cork lungs having densities of 0.24 g/cc
and 0.48 g/cc were compared. The dose of the former was measured 10 per cent more
than that of the latter. (Fig. 20) (Table 3)
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Fig. 1. Chest phantom made of ONAI's modifi-
cation of Mix-1J, human bone frame, and
cork.
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Fig. 2. Radiograph of the phantom.
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Fig. 3. Chest phantom and lung phantom, lungs
are made of cork with two different de-
nsities. Nine cork made sticks inserted
from the base into the apex of the right
lung are made for the insertion of dosi-
meater,
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Fig. 4. Irradiation fields used (Mac. Whirter's
method)
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% are measured on 10 cases of out patients and are compared with what

are measured on our phantom, which show no significant difference between each
of them. Thus, the phantom is thought to be adequate for this study.

C:ase Localization measured Thickness of the -:Ehest _Ex_ltﬂg_e_‘ % I
! N —— - (em)| Surface dose :
| T.A. (l;}[;?i?ai‘;mu region 18 | 17
S.H. " 17 18
M.S. 1" 16 22
M.K. no 16 21
j K.U. " 15.5 21
| T. It I 15.5 22
Y.S. " 14.5 23
H. Tw " 14 25
Y.S. " 13.5 25
S.M. " 13.5 25
| Infraclavicular region | = ;
_L(L glei slijt};ail;,t%r.rllfim Jec) (Median) " o
3cm, below the clavicle 18 | 18 |l
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Fig. 5. Preparation for measurement—aim of Fig. 6. Radiograph of the phantom showing a
tangential irradiation of portal III dosimeter inserted into one of the holes,

P EWRET B0, S TR B XE AR
& SRR 20 L, Folhiskyre. HiE
1z, 200KV H.V.L 1.25mm Cu F.S.D. 40cn,

Tab. 2. Lung dose measured, density of the cork used is 0.48 mfcc. ‘The left upper, right upp-
er, left lower and the right lower figures refer the depth dose rate of I. II IIL and
IV portals of Mac. Whirter’s irradiations field (Fig. 4) respectively. Big figures refer
the total of these four depth dose rate of each site.

Cork Density 0.48m/cc | Apex | 3cm G cn 9cm 15cn
40 32 9 32 [ 25 2 5
Medial 17 24 27 33 32 37 25 40
113 101 101 72
. 90 a1 823 a1 14 a8 3 3
Anterlor Middle 5 4 23 ] 51 ar 51 41 a7 40
140 156 140 132 85
82 44 &0 44 a7 4l 8 az 5
Lateral 9 7 20 17 ELS a6 51 4l a7 A0
142 161 162 132 85
68 48 'H a4 11 41 7 18 3 5
Medial 3 4 & 6 9 i 11 1l 9 1
123 a8 | 69 47 28
75 57 68 52 l 14 a6 9 25 a 5
Middle Middle El 4 9 7 13 1 15 H 13 13
139 136 82 61 34
T4 B 70 58 41 53 1o 3 3 [
Lateral 3 4 19 7 ELY 1 EE 14 28 15
144 154 139 92 51
51 50 11 50 7 13 3 5
Medial 5 5 6§ 7 7 7 7
111 73 34 22
. 53 65 52 85 16 57 9 12 3 5
Posterior Middle J . e C g £ d L i
123 128 87 36 23
57 77 55 77 36 69 10 a5 3 5
Lateral 4 3 7 H 6 10 T ] &
141 143 120 62 25
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Fig. 7. ~Fig. 15. Each curves represent a variation of depth dose rate from the apex to the
lung base in each portals of Mac. Whirter's method. Thick line represents the total
dose rate of these four curves. A solid circle in the right upper figure refer the

spot of the hole where dosimeter is inserted in each case.
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Fig. 16. Dose distribution in the lungs (frontal
cutting)
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Fig. 17. Dose distribution in the lung (sagital
cutting)
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Fig. 18. Dose distribution in the lung (cross se-
ction)
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Fig. 19. Chest film of radiation pneumonitis.
‘The lesion is located in the infraclavicul-
ar region antero-laterally where the dose
distribution in the lung (Fig. 16~18) sh-
ows maximum.
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Fig. 20. Variation of depth dose rate measured
by using two phantoms made of cork
with two different densities respectively.
Two plates of Mix-D with different thic-
kness placed both anteriorly and poster-
iorly to each cork are supposed to be a
chest wall of patients. The curves show
the variation between these two kind of
cork not to be more than 10 per cent.
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Fig. 21. Relation between the lung injury, the
maximum dosis in the lung and the tre-

atment days. (—) (4) (4) (H#f) present
the grade of the lung injury. The lung

tolerance line is 3800 r/30~40 days.
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Tab. 3. Lung dose measured, density of the cork used is 0.24 gm/ce. Arrangement of figures
is in the same way as in Tab. 2.
Cork Density 0.24gm/cc Apex 3 6 cm 9 cm 15 cm
70 23 34 7 a1 3 ]
M&dlal a3 17 40 9 47 5 48
146 114 94 62
95 40 80 16 38 ] as 4 (]
Anterioi- Mlddle 8 [ ] 27 23 41 13 55 [ 48
148 154 118 112 63
92 43 92 53 40 10 a8 4
Lateml 17 5 23 30 439 23 69 5 50
157 162 172 140 66
X 78 43 63 15 a1 9 35 4 [
Medla} a 3 4 4 8 4 3 2
127 R 116 68 56 22
T8 49 T3 15 47 10 30 4 ]
Middle Middle Y A 8 1o Rt S
133 133 80 66 24
80 52 75 35 40 12 45 T
Lateral 4 3 8 16 14 18 15 13 1
139 140 174 92 34
i 62 15 a7 10 20 ] i
Medlal 2 2 2 § 2 ki
116 69 46 19
6B 61 [ a3z B! 10 an ' 7
Posterior Middle 2 P 2 3 2 f 2 f
134 126 95 57 18
69 60 4 13 an 4 [
Lateral 2 8 g 3 §
121 113 54 19

DEFFEA EFRD LA .

Z ORI, RO MRS OEE ORI
#3%21 7-. Mac Whirter oEHH 1, 1 0%
A, [EFE» SR T, Mix D 3cenll Eo
HRHRERR 2 B 5 O C, o E DXL TESR
WEELILNDS. L1 OHIE» S DRHOBEEST
b, EEOBSIERDE L, REBRY—TX
WHEHLAZWESLVER L 2GS 26T, TR
DORBEEDEERD B L BbLATAERLR VD
T, MiEEOZEbE, WEEECRT, 10%L A0
BB EE L.

H52, Fix o phantom 2, HE 0.240z3 0
7 NBRAT, HitAROWEEZ T/ E S,
I AN, B2RERRALELWESR
87, FBoRItamERT, Mo, L, 4MU
Tk, HEOE (0.48) y 0T 162%, HE®
s (0.24) DT 1T2% 271, FRICASK
L72BRTH 5.

4. [hfEE LGRS OFR
LIE#EH LT, EEORMZH TEDTLS

k, BEBESHERTE SN 160%HHTH

5 b, 1M¥E40%E2 Y, 4[k2 2,500
JEME Lz kv hug, Fodofiia# 4,000r &
HINBZricks.

I OMRGETE R, #EOIEFIBOFI T o7 kR
i, B E IR LM, S22 /L 5 h
2. b, HEXots EifEsE & 2 AR
(lung tolerance line) 3%y 3,800r/30~40H T
Hoiz.

5. MimpE®R

[RERBIRSC R L Colirsiai olllEr i, fix
DB R S NTHI. 19214E Failla®  pZe4
DA T ANfEMEE 7 07 208 Tz L
720, 19304:=Weatherwax, Robb” 23 AJf % 7k
WANT, Wiz ORECET & Cllom Y, 1934
4 Quimby® EAOHGEZ FEIL T, Fhh



FRFn364= 9 250

LEIEHRE ZE N2 ) LT3, |
ZF DIFBOTRIFE * W b, N
H 0.5 ply wood ¢ phantom
i 2 5% L7-. 51c Kornelsen
RS & R RE LT, NG
BB 0 2 T MR
7z. HfEE, fFHT % phantom 3}
#§1, Jacobson'®13 3 Masonit
¥, i LT EED.270 T,
L, Nahon'® @ifiF.C.H. Chut
% =G, o LE 0.3-
ERL T3, MWLESH, Harr
phantom REFEDE ZAHHFD KL
ThD. Pk, REDENI T
B2 OWBA Y DEETRERR & A, [
DINERFFTFV « 72N %5
BRI M, K3 THERE)
DTHB.

2245y phantom ik, Harris
CRAROKIE % AV, BRESREEN
Wik 7 #4EH L7, Harris @
FERCIEDI T8, 3L
Mg © 9 A ETA M, HEOES S
ZZEBAHETH S, fEllEMAS
bson % Mk, [lzZeHA T,
FITh3DIHELERTNS LB
Jacobson M ffifFatilE .  fgds
BaoboThy, BESZOML,
B R gE LTHlEL 72D D1,
WERTH 5. HEmRosy, F.
AP e, oREHRTHEL Ty
HBnb, BHEHEERGLETEIEL
i, SR, BEkmE 0% e 25
BHTCEBEODD L > BN 3.
Tk, Frz OFME & LB LS55
b, XIgEAMmE, MARTORS
N2 BHEREFT~ b, |
[affvz, Whitefield!”, Engelstad
korn2?, Schere?V), Bate, Guttma
Chu®) Gigh?), kf2, Tk






