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HISTORICAL REVIEW OF RADIOTHERAPY
—PHYSICAL AND TECHNICAL ASPECTS IN JAPAN

Yoshio ONAI

Abstract The techniques of radiotherapy have been improved by development of particle
accelerators, radionuclides and computers. This paper presents a historical review of the
physical and technical aspects of radiotherapy in Japan. Changes in the kinds of radiation,
such as X-rays, gamma rays, electrons, neutrons and protons used for external radiotherapy,
and the equipment involved are described chronologically, and historical changes in the
quality of radiotherapy apparatus are outlined. Patient data aquisition equipment, such as
X-ray simulator and X-ray CT, beam modifying devices, patient setup devices, and devices
to verify treatment fields and patient doses are reviewed historically. Radiation sources for
brachytherapy and internal radiotherapy, and remotely controlled afterloading systems are
reviewed chronologically. Historical changes in methods to evaluate absorbed doses, dose
monitor systems and beam data aquisition systems are outlined. Changes in methods of
calculating dose distributions for external X-ray and electron therapy, brachytherapy and
internal radiotherapy by unsealded radionuclides are described and calculation techniques
for treatment planning system are reviewed. Annual figures in the numbers of radiotherapy
equipment, such as telecobalt and telecesium units, linear accelerators, betatrons, microtrons,
stereotactic gamma units, conformation radiotherapy units, remotely contorolled afterload-
ing systems, and associated equipment such as X-ray simulators and treatment planning
systems are provided, as are changes in the numbers of accelerators by maximum X-ray
energy and maximum electron energy, and in the numbers of licensed hospitals and clinics
using small sealed sources. Changes in techniques of external radiotherapy and brachyther-
apy are described briefly from the point of view of dose distributions.

Key words: History of radiotherapy, External radiotherapy equipment, Remotely controlled
afterloading system, Treatment planning system
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Fig. 1. Changes with the year in the number of ®Co-teleradiotherapy units.
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Fig. 2. Changes with the year in the number of radiotherapy equipments.



232 BH fEx

350

100 p—

50 ; e

= Energy [ Year

5 MV {1963 [ 1973 19831 1993
5 300 |— Linac

= 2.8-3 0 0 5 15
3 4 1 13 [ 100 | 196
= 8 2 | 29 | 54 }175
© 250 f— 8 ¢ 0 1 1
E 10 0 38 | 138 | 302
< 12 0 0 0 1
& 15 0 0 1 3
00— _ 18 0 0 0 4
- Microtron

< 10 0 0 0 1
- 14 0 0 1 8
S o= 9 0 0 1 8
=4

R S
o
% //
/ S/

] *

A
A
A

0
19l60761]62 53645350161 s8[69]70]11]72]73[74[75]76]77]78]79]80]81]82][83]84]8s ss|s7|as]89|90I91192|93I94|95|96

70

/.(303)_ 50
/ —50
1::::;'/8
7 bt (196) 740
-~
”ﬂf rans)

24~43 WV

./‘,--—1/? - l-/‘-I-l-l -,(;-a (30) — 30
6 '7/Dual energy

// N
/

Triple energy

\,. (4)

Number of accelerators{for 2.8-3,24-43 MV and Triple energy)

Year
Changes with the year in the number of accelerators for X-ray therapy by the maximum X-ray

Fig. 3.
energy.

N—F o i XBEABNEWI LN EE
B L, 1975 FELEZ ORBESFIIML Twi
Wh, A—p—bB8ERqUE L TL % 572, Fig.2
KFVvarnhk, Freyw s, EEITEE, <—
gruy, w470 roy, BTRRSLERRE
ABTIEEE (remotely controlled afterloading
system, RALS) & 7F Gamma Unit DR BEH(—
HERFIERETRT) OFERER %, Fig.3 12 X
MERAMERORR X R ALY —FIRES
#, Fig. 4 CEFRIGEURLIINERORRET
IZANF-RIREEBROFEXRER 2R L. KA
ZI0FEZTEDEROEIERTRLUIZ, =5 b
QOB TEHEFRORS ALV - XR
DEREGIANY—ER—TH DT, Fig.3 i
R—F bay@3R&Grolz, Franntoff
DDIZAMeV DERMERSIBEAIN TS Z
EWSM B

BTRERZAMERT 5 1201213, 20 MeV
BEETOIANVF-BHL WL, EHELOHE
i, a~6 MV BED X 18BN THE 2 Lo
5, 2HOEMRMERERE T 5 Mk »8mL ¢

o, 70, X avF—3, BEEIRETR
—DDIANF—IEEIN TV, 15D
BT2(y—A>26,10MV, 1984, =% 6,10 X
i 4,10 MV, 1985, HAEX 4, I0MV, 1987) Xix
SEEOZANF— (=34, 10, 15MV, 1991) @
XBEE2RETEI2ERMFR AR EINL TV S
(Fig. 3).
IANVE-DOBREXBIANF-—REIHE, 4
~2IMV; BEF T A LF¥ -5 10, 3~22 MeV)
BEST, 1 FOMEBEA T O LOHE
ERBETE—LZWMREL T, EHTEZ<Af 70
P UBSHNTEERNTWT, &b, Iz
BY2HRNEZ TnD, 1993 F£0 9 AREOHK
X 185 TH 5 (Fig. 2).

(3) X# -y RaFEEEOE L mEEH

EHEMEHOBREIC L > T, XEHIBEK
L, ¥Eoha iy, BEEELNEFHTF,SK
BREETCEND IRkt £, B
Eb, 1963 FICEGIEBIMAZI N TLHEL
{ELEL?, 7AVRyIHFRBRAIN, &
KA VyELWRE I H, RIEBRER K [FHE)



AR RO E R 233

350
Energy | Year
Mev [ 1963 1973 1983 | 1993
300 b— Betatron (309)]
15 4 8 8 8
18 3 10 10 10
20-21 0 6 13 14
250 —  24-26 0 12 18 18 —
o 31-32 | 1 | 11| 1 1 18>Ez 12
s 43 0 0 1 1
bid Linac
% 200 f— 4-9 2 25 43 95 -
S 12 0 0 2 65 /
= 13-14 0 29 30 43
e 150 15 0 9 83 {193
s I 18 0 0 20 58 1
] 20-21 0 0 5 | 45 )
= Microtron 24>EF 218
100 b 0 ] 0 ‘ 1 7 ALTE
22 4 0 o | w r’t‘ - o5
o«
T J/MA 7
o T & O 22E22 aa bz (18)
L = = B SEL S SN
19s061]s2]63[c4]s5]6s]67[68]s9[70]71]72]73[74]75]76]77[r8]r9]s0]s1]s2]83]84[85] 86 s 7[s8ss s0]81]92]93]94]85

Year

Fig. 4. Changes with the year in the number of accelerators for electron therapy by the

maximum electron energy.
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Fig. 6. Changes with the year in the number of accelerators, X-ray simulators, treatment planning systems

and whole body CT scanners.
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Fig. 7. Changes with the year in the number of licensed hospitals and clinics

using small sealed sources.
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Fig. 8. Changes with the year in the number of remotely controlled afterloading

systems.
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KA LTws, 2B, HEARFTHERE L EB
BECHEAL T ERHBE XRS5, Fig 7
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RALS i2i3, SEORERDHDHDH Y, ICRU
(ICRU Report 38, 1985) T, {EM#REZR (low dose
rate, LDR: 0.4~2 Gy/h), B4 &3 (medium dose
rate, MDR: 2~12Gy/h), BE#&EZ (high dose
rate, HDR: 12 Gy/h=0.2 Gy/min #i) ic 33 L
Tw3, bHETIE, “Co 2AVIEREREN
BEEAREHZ VLY, WCs #HWIZ RALS b b
(B, INTS -FZ1972), #DOELIERE
EREN ST (5Ra, A7 = — T > 1962; 2Cf, B
X, WTFS 1975, &, BR-BES 1977), K-
iR E RPN (YCs, ZFEKXR, RIS -
Selectron 1986), {EARERHEBAEE FH (*2Cf« {4
1976), EREF/NERSA (CCo &, LT B
WS HZ 1962, BAEIIRERE), SHREFHESA-
ey BT (r K, H7K S -Buchler 1982, *Ir,
B, #H S «microSelectron-HDR, 1991) 3% %,

BT ©Co, WCs BL U Ar BSAWVSRT
WBHS, 1996 LI °Co IR IIHHE S iz
BB Lo, BEIE PIr ZA7z RALS 558
L w5 (Fig. 8).
3. EEHIRFRAE

26Ra BFER I N TH b 2 WEE, Z OREERY
TH5 ®Rn A,k EBREL ERCERE
L, a@EEL LT, E, BE, SIEER
FOBBEICHWT W,



BEHRIGEOEE 239

BREOMSHRMNTENEEINS LSk
7z 1950 AR i, MHEHD 2P, Y FOBEWZ
WEZ LB ARERbOELO 7 7 VR Y
THA, IhxBIRciETT 5 6 HER, Bt
20 4 F Bi&EE(®Ay, Cr2PO, *YCL,,
TLuCl, % &) & UTORBERTEARE:, BEENE
ABERUVIIENFEAE R > e B EFAT
ZHAEREE (LI X D RRIRER, "PICX 5
MigssE B s &) BfThbhTnls 19,

%7z, BE/MNREICHET S “Co E—X, Ry
b, 28—, NRAI—REBINETF ALY
(Becker & Scheer) TRF AN, bPETLZh
& By BRI X BIETRE, BERABRITOIT
2V ALDR

B, €/ 7u—F APz a f (22Bi, 2?2Pb
Y)Y XX B (91, 9Y, YSc, Cu it ¥) B
3 2B EES S TBEIBET 2 e RIEE
# (radioimmunotherapy, 3 ¥4 VEHEL D)
BHEIN TS,

Il REMELRBESRRMOKER

BEHRERICBW TR, BE~NORSHEES
SEUATOAHEEECT 5 I L PEREIN TV,
ZDDi3, EEOHIEE % +2.5%, EARE
DPEOFHEELGUEOREIC L TlES
B, 2O EDS, HEIREOTHiliENWE X
n, BEREE- VAT LADBBEI N, BREES
MOHECavEa—sBAVOhE LTk
7z
1. @XHRBOFME

1935 £ LR OEKABRAIC LV >+ 7 v BAL
REROBREEHAENRE SN, HA X Hiow
T, R EOFHHISIRE & &2 - 7208, “Coy 7
ZOWLTOFEIX 1964 £ B> THOTH 5.
1971 iz, HEEZBHBEZESY, £H 11 #HK
(R 14X c ERFAREEEY v ¥y — 2 RE
L, ®Coy SMOMIHRB DT %2 EHT 5 X 512
Tole. BILANVF-XBBIUVEFBRIIOVT
Z, Ca & CzZ2RWT, “Coy BTKIEL 7-EHt
FEI XD IRIRE 2 FH 3 2 HEES, HEEZK
SHRZEEYIEHEDOE T AN X —BSHEEAE
ZE2(RRR, RBEX, Bk, Zh¥h

92 ER 1974 Bic RN, HEESTH,
Ci RUFC.DREL 21T\, 1986 12 Lk
BHEKL, 1989 Fi2 2 OHETRERITL T 3,

ERERETEEBEOHIREORE X,
B> (BUER, 1981) O|IBTHY U Fo 4 vFEk
BHOVLNTNS,

2. BBE-_YVATA

HA XAV “Coy BT, 74 ~2HWT
Wieh, NSk > Chs>BEFRHSAVS
hakoekol, The2EoFGEFLIAT
WwaY, ITABBHOBEFTHEL L&Dz L
RPERLT, T IBEF LA~ 2HATEH
EEeni-Z bbb, METE, oD
L7-BE 2 AV 3 FEIRET =y B IER
BWET = D JIS (JIS 24705, 1985) TEiG &
nNTns,

3. E—AF—SMEEE

ANEDORBRETHB7 7> baid, BEAEH
Wi, Bk 7> Ak LT, MixDPGER, B
A5 1958), MixP (JIREHF, JIIE S 1960), &AM
oA (BER, 18H 1976), HBEMEEE (ER, F
il 1976), B (RER, F/S 1987), Bfi
SmAE (RERTE, i S 1988) & Esh 3 E Th
Fahi,

BRI, BEESNSSELE), CASHEE
(1956), {LEBEEFF(1956), BHY 5 A EE
(1961), TLD (1964), FHEHfE Si (1974) 7z L3
WHNT &7z, HHREOFMA & LT, JARP &
HERBET (RERT, H5 S GRS 28 1972 12
HmEaE iz,

ERBE R ER X, BEFXGEE 1963), &
SRR 7ANVLABESHONBREBEEZ
1967), HEEHE 7 4 NV ABESIHICHER VNEA
1970), 2 > ¥ 2 — ¥ HIEHIR (1974) 7 ¥ HSBISE I
HER3I iz, METHI V2 —FHHOSHE
HRRESZSEL L THYSAA TV S,

4. AEEH X - v ROBRBEHEEX

MIEREERE Y —F L ¥ 2 EE B (SSD i)
T, L EOREFEC IIEREESERD
HushTwad, 195748F12 1000Ci OF v asn
N DEERISEFCRE S, BEERE b SRHE
REMEMY ~EL T2 STDHEGADEE B W



240 EBW REX

5. BHS 1961 FRF)TITHI L5127, 8
B PEBEH(TAR)EBHVWSO R TWE, 20
%, 1I0MV LLED X ROSEEICHVO D L5112
&0 T, 1968 i) 8 (RN 12 & - Ty —
ZHREL(TPR) SRIE S, TPR BBV LNT
V5, TMR(FRBRAREL) &b s,

REFOKRE S, EHEE L - T, EHE/
ABERSFEUCTHNIE, BEARTOTHATETY
BERENZEL RS Z Eh 5, 1984 FEHH, SHH
B/AERCTRAS 2R TESKETERNHE
KRN N r o A

Sz DV T, SREMEEF V528, EH
X BROBGECIE, BIE@L D b EBELES R Fv 7
FHE : (Clarkson 1941) D 5 BSEHEITF W T &
PO, TORENEREN:, B3 LF—XE
ko T o id, BELESCR b - TEELZE b
EILGSAR) AW E XSk ot %7,
YE2—F I BBBHESERL TE T, Bt
HBOARE L (OCR) O ERANEZEEE I h, AV
BHTn5,

BCALBES 2 AW EFR S, FEtHE» S, B
B E BB IIRD 2 120 OHER B 5 W idsE
RAEBY, BETEIV 2 —F 12X 3 HES
ERLTWHS,

5. BE/MRTRABRORESEX

BRARRIERBCEH I TWwEOT, B8
X BWNEEFHET 2, Sievert (1930) 127 D5
ZHESLL, Quimby (1944) ZEI&A D O Ra &
REEDOE b ORESHEZFNICIDEEL
2. DYBETHZABEGERAwsh T W, 3
YEa—FIEBEENTbLE L5 ST,
MBI X 2BNSERINB LS Tk, /iE
BRIFICOWT WAR (water-air ratio, 7K B
BE/ZHESHRE) MIESh, FhonF—5%
218 & N7z Meisberger 5 (1968) @ WAR DEF
HEAB—RIZAVSNT WS,

FE/MBRIER TR, REHEO-DIC, BE
WOREMNBEDORIENLETH S, 2OHELL
T, BEA2HARPE, EREEHA TV A, B
WG ELZ Y2528, bBETIE, F:LLTy
Sal—FRHWLEA2 FEETESRAV S
Twd, ZOMBREEOHERE*H T 2720

DD EN AL > — (HR S 1990) i2 B>
TiTbh, REIA TS, ZEOBER 1>

Ca—82AWTHENCHET 3 5% LT,
3HMBEEDPHEFEEIN TS, bAETRYE
B LTz,

BEHRIEEY AT AW EES TIE, 1987412
RALS DR ESHHER (TESAL VT —, -
BEW, JIEBHR) 2REL T3,

B. ABBEDRESTEE

FREH MEEARESMEN RS iz L 2O
BEFE D 1956 4212 Loevinger 5 12 X h ¥R X
NTwah, BERIREBOZKEEZENIKSH 3
MIRD £ B4 5 HFE & #1172 MIRD # (1969-
1978) L @M B2 HEEVHVORL TV S,
ICRU T#% Zh2EHL T3 (ICRU Report 32,
1979),

MEFTEIZIE, BRENORETEEEE ORNE
CDF -5 BHET, ZOBREBEBHEIATK
3, k7, WSS B A B EHEERSH
RIN T 59EN, PEHS 1992).

7. AVEaA -9 RV CBREHEY T A

(1) area—F2Bu-BRHESE

228 o — IR OBETE AR
% D, 1955 F(Tsien) T, EHEZTEL (51
TE= M) w7 ABEBERAIN, BEZLEIXE
THELDBRE R FT LTz, 1964 4E (Stering) 2 &
NEENTFORESGE, EHEPHATRLE
EBRRXEHAOTEHET 2 FEBRERINT, bt
ET o (BA, Af, HAS) BT 1967 &£
CHEBROFEEREILL, & 512, 1970 £ (Cun-
ningham 1972) ICBELZEFHRRLL % F v 5 FHH|
EENFORBHEL IV Ca— Yy TERTZH
HERFERLU, B 2« BREDOHZTHER
OB EENPEBEBERIN TS, HELOFE
2L WE | A RRISREEE, TARE, £
SSD ¥, SiREREH ), BELOZE I THELO
B FERT 200 13% R L 2 2 R (B
FHIEfRBRE, & TAR ¥, BEHFAIRER), T
BEHOELER T 28 3 R (M TAR &%, #%
NERER L), BT L ERT 25 4 i
HY, F4 RS GFFETEEBROH EEE
&Ry, ZOEKROFETHEIZ EGS  (Elec-



TERER O E R 241

tron Gamma Shower) & i3 FE T AN TE
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