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Improvement of Accuracy in Radiation Therapy by Consideration of
Radiation Dosimetric Principle and Technical Aspects

Itaru IzuNoO
Department of Radiology, Shinshu Universilty School of Medicine
(Direclor : Prof . Shusuke SONE)

The present paper is concerned with the improvement of accuracy in radiation treatment.

For radiation treatment of early laryngeal carcinoma, ®Co y-rays and 4AMV X-rays are suitable, while
10MV X-rays are not, because they produce a more significant decrease in the absorbed dose at the interior
surface layers of the larynx due to the enhanced build-up effect.

When prophylactic whole-cranial irradiation for acute lymphocytic leukemia is done without compensa-
tion for the shape of the head and neck, hot spots will occur in the brain and upper neck, Use of a three-
dimensional compensating filter (3DCF) is-the most promising method to solve the problem.

The field-within-a-field technique (FFRT) using 3DCF was intoduced into radiation therapy for naso-
pharyngeal carcinoma. With this new method, the faults of former FFRT were corrected.

A national survey using a questionnaire was conducted to determine the way in which shells were being
used in Japan. As of January, 1992, 103 institutions (just under 209 of Japanese institutions) were using
shells, Many institutions pointed out the problem that the shell was not covered by the national health
insurance system. In 1994, this problem was rectified through the efforts of the Japan Society for Therapeutic
Radiology and Oncology . Interinstitutional exchange of information to solve such problems as discarding used
shells and radiation dermatitis enhancement by shells will continue to be necessary in the future, Shinshu Med
J 43 : 69—92, 1995
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Fig. 2 Build-up effect and build-down effect at
the walls of air gap
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B, BEHEIRER TR b % { fThh b S8R C i,

FHaSE SR s B H X e 1R B A vy
TG R T LW AN, 2REFREEALTE
EXRirl, LiohiaT, 20 1 KIREHRMB AL T3
BEOFHER L OO FTofRRL i, £D
BIRETBEEH L D2RBFIL L T, MBILREL
L THHESD L - A CTREME 55 (build-up
%) (Fig. 1), BMTH» bEIRREC AR E
% build-up 4HIk & vy, 1RO =R A F -2
W E F build-up 25 3R & T build-up SUIEANER
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Table 1 Characteristics of patients

%Co-group 10MV-group 4MV-group total
Number 17 25 52 94
Mean age 61.4 65.9 64.5 64.3
Male : Female 17:0 25:0 484 90 : 4
Tla: Tib 12:5 16:9 37:15 65:29

Table 2 Conditions of radiotreatment

5Co-group 10MV-group 4MV-group
Field size (cm) 4x5to 6X8 5x5 to 6X8 5x5to 68
Filter (aumber) open field open field (6 open field (21)
wedge filter (19) wedge filter (9
3DCF* 22)
Mean dose (Gy) 63 66 65
(range) (50~70) (50-80) (60-66)

* 3DCF : Three-dimensional compensating filter

& RIGTRROBEERR BN LT s Chab &, B
BRI 2R b oRE (HZEIEED ThBhb,
TR R WS B &, RO BB Todo B i
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RS build-up $1EE X B {EREE A E U B Lo
Do T, HWEHE =R LF —CH510MV-X 268
H¥% Z &k o build-up $h8 %85 U <R
#IR, MR E L TRITHAEOEINCRE O L&
zbhb,

fods, HERAVICIE, EENTER2 XETFOREND
e EWD Z L 1 KIREHR & TR T 2 RE
F (BAEGED Pk rimieh, TODIce
OHEEFF BB A4 U 5, Z % build-down
R 5 (Fig, 2),
B E#Y

B A SRR O BB IR BRI 10MV - X St oo {# A /358
Yo, AMV-X MOFEANRZLCH5 = & &
bt B,
C X%, F&
1 %Co-yft, AMV-X &, 10MV-X iz X 251

PR D BRSO W

VBRI % AR AERE 23\ P O MR E AL
BIe> W THRETT 5o MBFCIXI9584E 22 5 19934E D[
&, UICC4r48 (19874)™ic X % Stage 1 (TINO
M) FERIRBOABI D RIEIERER & L it iia i v 20
7o (Table 1), 4 & & FEAEMF M LB R
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LRRET, BMUBERTELEBOEM L ot, &
D 5 BITHIHCCo-y #t (Co-Fp), 25FAA10MV-X
f# QOMV-E8), % L TCo2frdMV-X STl s h
o (AMV-FD, WRETHEETEIG 2 5 o3t 2 FIR
B EAXR 2 FIEED 1k 5t WithoBEELES
EooBE T, 1ERER, “Co-F & 10MV-E ik
1.8Gy ¥7132.0Gy Tt b, AMV-FECI12Gy TH -
7z (Table 2), FESBIRCIZAE B B\ 1L UETE R 5
Ttz

IO 5 FAEFER S L U5 ERFHEE% Kaplan
-Meier I THH L, FOFHli% log-rank test T1F-
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WRERZE R I\ R D A B0 © HER MRI -
TEHHEIT s & &5, WEPREO A AR REF L
5 mm Tl . Sem TH Y, FIBERILTEFR L DT
PR DT, B AERL 5em OB EE LT
ErhRETELrz Lz EBbRi, LL,
AR OMI L h Fv-0©, - hriffi gy
BB Y RERLT, 77V sk LCERL 3em o
MK 02O H 5 MiXDP (5 v # 2 DP, Al
By v o) 2FEL, ZRICHE»HIMV-X
Mk X OTOMV-X i 2 ST L, ZSRRBEEsE ki)
BHIRENATER I~ (Fig. 3) L7 7 v b
LADORMAMS 6 cm D& BB, FrfE;CE
PRSI E LCHE L& D6cGy %, 5 cmX 5
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Fig. 4 Recurrence-free survival rates in the three groups
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FTRETH Y, BFFMEBIIOEN LSS LR
KT 5 LIRS,

LR k13 5%9Co-FE, 10MV-5, AMV-BEoHE
TR (BDOBDILY%, 92%, 98%) 1%, ZhF T
TR TWBEEICHE L OB by » 7= (Table
Do FFz, PCo-ELAMV-FRic & 1) 2 B AT HI =

(88%, 91%) bLOIMEIZE B S D TIXILh 57,
Lo L, 10MV-FHcsir 2 RETHEIER60% 1%, “Co-
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Fig. 6 Lowering of absorbed dose at the posterior wall of air gap
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Table 3 Results of radiotreatment for Stage I glottic carcinoma

5-year local §-year
Number Beam . :
control rate survival rate
Jose (1980)% 81 4MV 88% 86%
Gomi (1983)% 51 Co/6MV 80 93
Skolyszewski (1984)% 54 Co 82
Shinha (1987)% 74 Co/4MV 89 95
MacLeod (1990)” 7 Co/4MV 86 97
[zuno 17 Co 38 94
26 10MV 60 92
52 4MV 91 98

WA E Bt Lizdie T, 10MV-#o R
SR OE 2k, F & L build-up IR OB X
BHDEEZD,

77 v b AERNHERBE TOMBET R
MV-X & & 10MV-X 80 hFhfI10%, 16% &HE
F Lt WEHECRE WY 4 L AREROBERD
DLk R Bh®, Koskinen & Spring'”b,
2 cmX 2 cmXoocm DZEMEHE B HEE, 4 cmX 4
cm OFBSIFCOCo-y faTRET5 &, ZEHREIET 6
YDBMBETAS S E LT\ 5B, ¥oiill, Klein
H19%, FEELETIMV-X e EsT5 &, EHEER
CUYDBEETNH 5 LJ/EL T 5 BIE LF
CAMV-X eIz 66Gy R MEE L V525,
FRITG OB B - T b B HRE C60Gy (LRt
EhBEIREBLTOZ ETH S,

0Co-y fit &AMV -X R TIL, FIF QIS e
AAF —HMEVDT, FhEET build-upFRBNE
W, Co-FE & AMV-BE o R AR OE X
fedvotes SHTIET U = A0 b IREEE OBuLED
Loobbh, ERFEEALTA LW & - T
Whe LiedtaT, “Co-y el s b 0 ERT
B ETHEAMV-X $Ch A 5, YRNIEEREN T
BEMV-X S OEERER A A, ELAAE Y & —
REEEMV-X @ H L C &%, LirL, ZT0HEE
R ORE 25, BERTHE 2 ELNCRETESE 2k
FEIRH N E S EHIRA D B DT, 1994505 12%Co
—y ORI B L w5 (A R ESINA
v F - EHRRIR R E D b OFME). LKL,
Rudoltz H™E6MV-X % i\ 7 Stage I FPEO
AR T8 % O RFTHIFRAME L TV 5 DT,
FFRO I T OMV-X SEAORE LS 5 4 LKk
BHAEL Y5, LaL, 10MV-X HiEEEE o EHR

74

AT~ E Cnv E Ebh, 10MV-XHRL 5
FIFC & T\ HEERIE X D B\ 5k 4 — DR A H
THEHEEE YA T A B BB BT RETh
%, frds, O kREROTFET Moo EE,
ot FIAESCGIEEE, T, TLTRER XU
ST BT D IEB OB VT H

Br~Ngho L Bbh b,

B TR o B e i v, WRIRRE IR TE C 0
build-up Z1E 0 5T, “Co-y #idH 5V IZ4MV-X &
PELTRD, IOMV-XoMEzlds&Th
B

I 3RTRET LTI BBRIFRNE
g oA ME (ALL) ~0F
BhbeAREt AL & LT—

A BR

/NG ALL ¥R oS e bR TH S,
L# L, [Bicid blood-brain barrier 733 - € Z O
oAb Ew RE LT\ B 0T, risk O ALL

Fig. 7 Radiation field of PCRT
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F-ORFELELECELRT, AFAAEX S mm b
A0E10mm & U-CHEIER 2 LB E tAx+ v v Lz,
PCRT 24MV-X % FIVCGHE 5 Bl oIS 2 19
TBATAT » T WHETERB I, reference point I 36\
T, 1 EBH L 2 MHEECEIGy, $EIENSHE
10EIR S % ©&2Gy, FH18Gy & L1z, MESAFDOE
& R G HOH 0 B 3 2 8 MODULEX
(Computerized Medical System, USA) % fH\ 1,
D %
1 77v b AEER
72 VARREEGE Y 7 v b AERT, BEOR
HA2SH 3 cm OFEIC KT HBES O FEE X, 3
DCF &/ U 7 38E T#20%, 3DCF{ERE It 4
YN TH -7 (Fig,13),
2 FRKIGH
ALL BRI HEfT L723DCF % Fi\ - PCRT o5&
DL, »DIC3DCEF #HV i & LB e o fidsy
fit MODULEX Rz 3 = v— 1L, HiRLADD
% Fig 14l Bl 7% 3 5, 3DCF 72 L C {2, reference
point DEE A100% (200cGy) & Ua-BE, ATHEEE,
BEEIZI10% (220cGY) k6 L O L BEE I 1X115%
(230cGy) @ hot area 23R L#- (Fig.l4-1a,14-2
a), 3DCF offf T, T h i D hot area iLjsk L,
WESRIE - 7o (Fig.14-1b, 14-2h), 3DCF
BLELT23B% R % &, hot area »{E (%) X, i
T, HIHEC105% M 5115% (F110%) <H b,
- EERERC1109% 4 5120% CE#I1I5%) Th o feo it
18, BHIEERIC W CREANIZ3DCF 12 & b i@ o4
BB L Z &R RIS, BEE LCESREL
ot
3DCF {ER =BT 5 B, CT R0 7o DR
whhE, V405 TH o oo 3DCF i fl e B8 L - Hl
TERIFED bhins o,
E #Fx
ALL B 2 PCRT % B 2B L 2= 0 ik
Donald Pinkel #5293, L L, YS#loREtiaeE
115Gy 22 512Gy TH w771z, ALL Ok eH
FHITL0% L PRERCH o fre FTT, 19THENS
2, BERREX24GY E L, FhiCAY b rFe—}
DREREE A 2N 25 TR & bRD L 5z haowm,
IR BRERI0B IR T2 LW S HEE Lugh
REDHIT, Lhl, P8R TI0BREYSZI-8IE
RSB IC AR O E T 2 R b iz & W 5 His os
&, Z0RS HFERAESEC S5 EE L BRD
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L 5 inino 7239, Z-opfk, Children Cancer Study
Group iz & b, #E#18Gy iR L T, MMHHER
R 5 HAEOBERPHCRICFEERET v &b

5EREXThhiciodic, g, PCRT it ALL o
T high risk #D LIz iTV s, 18Gy HAELHERIRE & 7o
“ 71:37)42)0

Z 5 Lol ¢, & o S I8 reference
point DIFEDHHE DLz Er R, SRS OKSEN
DFEER IR TE e, Linl, &3k, WEHREE
DEFBHE T Bicsbicet, BETERENAL (target
volume) NDEDNIHEIETH B & & NFHRIE
s S e izt h 3, 19764E0 ICRU (Inter-
national Commission of Radiation Units and Mea-
surement) OGN LT, target volume DR
BOBETL 5 BLATHTRIER S I E R T
Bo T OEEE, BEHRAESRCh L B E 0TS
BETchy, BEITHI TS PCRT s\, B
FAESR BT, HIEEE, B L OLEMeRET S
110% A £ hot area BIEH X B b TR IeL &%
ZBo

19754F, Maruyama 5L ALL ¢35 7 4 vl
DEEMARE 7 + v & (calvarial-scalp compen-
sator) O %G Lic, LhL, ZoORE7 «
FIXBERRZZEER DD TR, HoHHLWD, X,
B, MIDY I XDLONAE S, TohhbE
LEECEIDDOEREE NS FETHoT, i,
F~OMEIERE e o e, —F, ME0
3DCF i, L% ThEDiiliE coildcg 5,
Eie, BEZEREDLERT, WhbRECENLY
—RfEb T % B,

BN #s1FH3DCF @ PCRT ~0# AL, hot area
ORI U728, =0 & 2HIREREE © I T
W ED L 5 HET 5 OFHC I, BEHRES X
DR ORI 1% D IHEEE T 5 b BAERH
ANDBEL 2R CHRETLE 250, 5B
HILHEOBEYEST %,

F x&5

3k, PCRT iz 3\~ C target volume I HIZ F i
BOWMER? LR Ch T, YURCCT Hb
BEMBIZIDCF 2T 5 v A F AR PIF L. B
#, %8tk PCRT =3DCF % {#H L C hot spot @
TV IR IR RS R R B,
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Ml 3RTHE T 1 & &AL field within a
field 33

A EE

HoHE G I\ T, MRS, B bl
EATEET A4S (BRED LLdbi, TORMOE
BEEAELR AL B B VIR Y v 8 (A
oYy HEHhAONLETHB. £ LT, BHIELT,
S b B ai BRI A HE L, K
FERC X b % OIEEHINEATFET 5 2 L ¥ ERL T,
S ADEBERY IS THHENH D, BEOHN
< < Fiv-bh Bk shrinking field T H 5,
CoT, REo—SERE R E &b EIEY
2L (ARSI R R AT 5. K
T, TR %, R R R FRB IR - fo Nl

50Gy + 10Gy

Fig. 15 Shrinking field technique (by Fletcher)

.. small field

_}.—large field

Fig. 16 Field within a field technique

K - ] lateral field
O —

7|

clavicular (ield )

——

Fig. 17 Radiation fields for nasopharyngeal
carcinoma
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W EET 5 (Fig.15), chici L <, EEOH
FED B KBS coEEh | 2 BV UMESFTo
BRI 5 HESRS D, Zhwfeld within a

\

‘-\_\’-_\r”/ﬁ

Fig. 18 3DCF of radiotherapy for nasopharyngeal
carcinoma

3DCF

3DCF

/ﬁ

Fig. 19 Field within a field technique using
3DCF

)

NN

* : numerical value for large field
# : numerical value for smsall field

Fig. 20
numbers tansformed to milling a mold of
3DCF for FFRT

An example matrix of tissue thickness
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Fig. 21 Dose distributions of radiation through lateral fields

a without 3DCF

field ¥ (FFRT) &5 (Fig.16)4mn,

fo & & ¥, BIREERE 1T shrinking field 35 FFRT
RBEGT2008FE LWRBTH B, TinkbbEiET
i, FHEMEMN FWE B b, F O LY vosHie
B BT Y - H5 & HE ) v o< U RlA A
2P RAT, o, HE LB Y v Ehe LTl
Fitnb 1R ET Y (Fig.1?D. ZhTl @EHEs
1.8Gy, B 5ET, 56Gy 7\ L60Gy % GRS L1 b
T, T 2 PIHRETIC o\ CIRET ST 4 L WREEER v i
D, ZTI~DOHEE & BIISGy 7v L10Gy BB S
T5 & D OB IRIERE TG H b Th B9,
O, RO 2 PIRET TR, TRAEE N OKR
EMh AR E o TA D C L EETh D,
CEAL TR L IOBS O BEOEMIC s it B iR
MOFRGEHERETE RV EBbhb, 25 L
RED 3 KITCHINNT X B A58 O RS 24
BT %@ o wedge filter CIIFRIGETH H, =
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b with 3DCF

i FB\ T H3DCF 23 BEch 5 (Fig.18),

B B#

3DCF % _LMREER oM 2 PIRSHeBA L, 3
L ERHo MY+ 2 fiE 2T, Mi<T, 0
3DCF = EMAEATRC X b B & 2 #5945 FFRT #
HE A AGA T R BT T 5,

C Hik

ke, EMOBYMEEHE LY RF AL
h BEMBNZ3DCF % {ER L C/NE® high risk o
ALL TP MBS 21T - T &%, & D3DCF
W= FFRT B2 A Loy, BB P gT 5
R s ADCF o # A E < T hidl kv
(Fig.19)s Zhic XiiE, #dko FFRT iniksit 3k
SRABF o BES & T hicT | &% < NESEF© o B
FIRRCIT 25 X 51ed 7B,

1 FFRT @5 03DCF ofERk

L HEERE O R SR - ¢, IR 2 P
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REEC D2 it #60Gy & U, LWEEIOJRFER
B B IICY BRIz B L B L, KD, /b
TEEIT & A TBER I ¢ o RS o L2369 1 60, T 7xdb
$1.16: 1 &5k 5 EhELic, ©hiEEO RS
ChRhE, RBHBTSYEEO 1ERETHSHL.8
GyicLic & &, /NBEEHMIIL2Gy B Eh 2
ki TnB,

1, BYEOBEBAEHE CThha X 31, X
B av—f FBECHESSE R EDYE, Y1
Ve VEEREBHBL, CoBELICKBHEFL/N
B AT 5. KRG, BELEHEBT AV &Y
FELED 1 cm R EEOEN» P EEOERERER
b, KREEFFORLAEAE LCHELCER BT
R BEREOME %R, 3DCF R AT 4DV
a VI B5IXE1D< b Y v 7 R BT T4,
KT, ShbHETRA L 5 i, FHEDREER
#¢o 5 mmE A limm 27 A AEDOCT A% +
vEFFG, 20 CT BdbRNTFREHBOoRNE 2%
€, FhiE<t Y vz AclfEs LCEEEEs,
o, NESHIFCENS T AESUND~ Y v 2 AL
DR T OB/ NBETEF & KIBSHFOE L, T/
B, & T IERET S Fig.20), X iicl
T S WSRO ERESA & & O MIRFE R
®EL I, FhiCLicddo T NC-Mill g
b, F BRSNS S YT L € FFRT ofHE
B Hfo @ 7-3DCF BT %0
2 BRESAROMRET

1 Ao FIREER B st Lt bl T FFRT
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Fig. 23 Guide book : How to make a shell
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Fig. 24 Number of institutions in Japan where shells
are used in radiotherapy (as of January, 1992)
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Fig. 25 Deviations of the field center in
radiotherapy using shells

Table 4 TPR with versus without shell
Table 4b 4MV X-rays

Table 4a ®Co y-ray

without with shell without with shell
Depth  shell - Depth  shell
1.6mm 2. 0mm 3.2mm 1.6mm 2. Omm 3.2mm

Omm 0.297 0.831 0.876 0.943 Omm 0.143 0.598 0.657 0.785
2 0.955 0.990 1.000 0.998 2 0.713 0.853 0.870 0.918
3 0.998 1.000 1.000 1.000 5 0.934 0.960 0.982 0.983
4 1.000 1.000 1.000 0.998 7 0.979 0.995 1.000 1.000
5 1.000 1.000 1.000 0.998 10 0.998 1.000 0.993 1.000
10 0.988 0.990 0.990 0.988 15 0.991 0.987 0.995 0,984
15 0.981 0.976 0.976 0.974 20 0.976 0.972 0.983 0.974
20 0.964 0.960 0.960 0.960 50 0.888 0.897 0.886 0.889
50 0.867 0.862 0.862 0.857

Table 4¢ 6MV X-rays Table 4d 10MV X-rays

without with shell without with shell
Depth  shell Depth  shell
1. 6mm 2. Onm 3. 2mm 1.6mm 2. Omm 3.2mm

Omm 0.090 0.455 0.498 0.636 Omm 0.060 0.313 0.360 0.475
2 0.548 0.705 0.732 0.803 2 0.384 0.541 0.555 0.639
5 0.816 0.883 0.893 0.924 5 0.639 0.720 0.736 0.778
7 0.902 0.940 0.945 0.963 0.743 0.807 0.812 0.849
10 0.968 0.984 0.986 0.992 10 0.851 (.885 0.892 0.911
15 0.999 1.000 1.000 1.000 15 0.942 0.958 0.959 0.970
20 1.000 0.996 0.998 0.996 20 0.979 0.990 0.992 0.996
50 0.925 0.921 0.920 0.917 50 0.964 0.960 0.963 0.958
8 MBS Vol. 43
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Fig. 26 Dose-response curves in squamous
cell carcinoma of the supraglottis (from
Shukovsky®™)
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Fig. 27 An invention to protect enhancement of radiation

dermatitis due to the shell
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