50 B 2R SRR IBIE D T= b D
= WRICECAIRREE R L 2 AW TE T 2 L — 2 D
ST

4 R R RS
W B

/A




TR 20 AR BE AT A R A SC

5 B 2 R U BRIR IR D T2 8O D
SR TTECIRRE RS A W T Y 2 L — 2 D
R A

B RIER A SR e
IR BT R

(FEE - /M RR#L 2d%)

NS/~



B1E

il

wo2E Xi0O ORBESICHOWT

BI3E fEAMERL FE
3-1. BV 2 L—H 2L 54 PDD OZ( L
3-2. XiO 2317 % PDD O B — 2 n— K= 7% R
3-3. FERhHEHREDOMNIE
3-4. TV 2 L—HMEDOMIE
3-5. TEHHIE & ESMERE ORI A DT K DHHBEIREE ORIE
3-6. —WRITIAIREES %L (3D-LACR) W zEy 2 L —4 &
IR i
3-7. PR RS — L DEFFHIC L DE Y = b—F OFEERHT
3-8. B[P SH =L DT 4V BT LDEY 2 L—HF OFEEFHI
3-9. NMEEHET 7 > b AIC L DEEAHR G ORI A AT A

BaE K R
4-1 BV 2 L—HIHAIZ L 285 PDD 0%t
4-2. XiO IZHIF 5 PDD O & — b — K= 7 RO FH
4-3. FEZNHEHREOBIE
44, TV 2 L—HMEOMIE
4-5. SMNIRIRES RIS AT
4-6. ZWRITEYIREEIRELE (3D-LACR) W -EY 2 L —F &
il R
4-7. B EHY S — L OBEBEREIC L DT Y 2 L— X ORI
4-8. AP SH— L DT A VAL DEY 2 L— X OIEEH
4-9. NABHE T 7 o b 2 & DGR GIOR B AR R

®® I 9 & oY ot

10
11
11
11

13
13
15
15
16

16
17
18
18



BEE B

BeE i
B EE
51 H 3wk
RIS

5-1. NSRS RV NH LBV 2 L— X O

Xi0 OERSMFIEICB T D E Y 2 L—F ~DEEDOEL
FRI PN DIREHRIEL DAL & BV =2 L— X D

BN OZ L XL E 2 L —F L HE—L— R
=T HEEB LT 2 L— 2 EDOMIES

XiO (2 & 5 M-IMRT O#ESA OUGEEIZ AT T

52.
5-3.
54.

5-5.

£

a

i -

19
19
21

21
23

25

26

27

32



FB1E &

[l

ME7 a2 (UF7 4 0%) ITMEREELHET IR -7 205D L& LT
Ellis 5 2R L, Hall 52 (2 X0k~ 2 BORE A 72 S iz, (RIS 5k &
LT, ¥l 1960-70 4EARIX MM 2 IETHRERZ M L—2 L TRST 55 Y
MEG T o7z, 1980 FEARLIFITMERICEHRREZ TG T 2 HENRBSh, RT v
VaA—FERVLFEY, RHRGETY , TV AATEISALEFEYY ©F
FAHATEMA L GE D L, e FEMRERSNE, £72 CT A% ¥ FTHEBEOD
B X VRN O R BT A4 S ATRE L 72 ¥, Dihmke 5 '», Renner & ), B
5 MW omRS Y g s 0 /s D oGNS 5, F7 Henderson H P E K &
NI 2T LAOFAMi 247V, /A B 7 R Mageras & ' (T2 02— Z T O AR 22
BT L2=ZRET 774y 7 A RACTHE T 4 V¥ 253 LT 5D,

F72, fHET AV E OERGE b2 R AN RE SN, /SR ROMHEM % T
BARD KSR LT B Y, SBENCY v 2 A& LATL T PIRNT T 4 o0
V= P EREERRICERERD HE Y T v 2 OB A TR TUIEIL, (&
BlSER B othn, Sk LA RSO RAT HE P, BB O T 4 VA M A EEOINIT 5
P RERSHD, IALIFEVTRBEEOMERE KT DBRESMOK —LE HE
ELmboTho T,

IR, BMEAF I 7T A RO R 2/ A6 D 7o 58 B2 U B IE
(intensity-modulated radiotherapy, IMRT) ***" AP & h, ~ L F UV —7a ) X —4&
(multi leaf collimator, MLC) % fifi ] L 72 # &R E AT HiEN EITfbhTnd, Zhbic
1% dynamic multileaf collimator (D-MLC) IMRT # *** | segmental MLC (S-MLC) IMRT
1 22 intensity-modulated arc therapy (IMAT)***?, helical tomotherapy IMRT?®, 72 X %
BTV =w I nNb5D, £, HROME T 4L Z bMEEROFEL L THOLNTE
D, BREVaL—4F UTEVal—4) ERERTNS P, BETRSA TV
ZRITIRMEET W 2L & (three dimensional treatment planning system, 3D-TPS ) T, 8%
WEAT O 72D D MLC OTGIRCEEBEN R LIIMNS, TNV A2 BT 272D DEY 2 L
—ZDORFFHAREL I > T D,

FY a2l —%% M= IMRT (modulator-based IMRT : M-IMRT) 22 o Fik%,



intensity map (IM) OMESMITIE LU CTHREFFENTEETV 2 L—F 2 E—L2NITHEAT D
TLETERER, MLC OV —73—4 U REHE PV TR REY U F L TH D, MLC
Z 7z IMRT (MLC-IMRT) & M-IMRT O ki % Table 1 12779, M-IMRT (3% < @
R WI08 % 0, 1. 2B e DS < REEZSFRIE MLC IS~ it I 281 5 720
B 7 B s 0 A OAERK S FTRE CTd %, F 72 2. planning target volume (PTV) N D fj &
BJ—MENR L, VAT O RS B A & 13X MLC-IMRT K VIR T3 5, 3. 1GFICL3E
mE=Z =y ME (MU E) 23472 < TiFTe 7o 0 B RE [ 23 BLRE [ T e, 4. FHE S
T2 BRIE AR ISR 2 BEMENE <, £72 MLC |24 A O tongue and groove 20 #2372
e, T ERERALIEHRELDORIER—BPHEOND, 5. MLC I &7 5 EE
HRAREL 20, BEOKRNBRIGE LR CMEEHEEE CFL, 6. KIHE L
AR AHET, MLC-IMRT DX DIZAT Y v FE— LA LT 508 THY, 7. KfE#EhTo
EAPILE I —ETH D7D, MFRIFEGRE 2N TH D &I, RS IR o 5
HIEER  EETE D,

—J, REELTIEL EVab—FOERBKLEELRD, 2. EV2L—FIZL5T
RNX =AY MO EIHT HMEFHE LOZBERALEL 2D, 3. BHM I
CICBERENICAS CTEV 2 L—F OB NLE L2 5 72 D REHERITEME L 720, 4.
Fr=V 7 aARNIMLC U LT E LR D, R ERHIT LD,

B 1T 7 AV E R 2T A EBREL DT 1989 E L DA LTV A, 2
B ERISERIE 2 U > /'~ 2 (Desktop NC-Mill) (Figure la)z AW THE Y L ¥ v~
=L ZUHI L TEY 2 L= O ZER L, Mif & LThtitha Xy X795
FHikEThb, UHI LM E Ny X 7% D7 4 VX % Figure 1b IR d, ZOHET
I D RN IREA N S N2, IM ORBUZ I e ) OESPLE L 720, IMRT
HOEY 2 L—FERICITE S 2\, T2 CEY 2 V— A ME2EME L, BECHEMH
LTW53D-TPS TH 2 XiOIZ LV EHRINTZEY 2 L — 2 IR 2 IR E & R4 <
Y v <3 (LLF Floor type NC-mill) (Figure 2a)i & ¥ B8]0 4 HiEE2 A LT,



F2E XiO OFERIZOWT

XiO TOEY 2 L—F #HHEIL decimal LD E Y 2 L —F F—F F U Y ¥ — B R TH
L7 7V r—varThsdied, UHIMBEOREN TERWERRL o T D,
XiO 2B SINTWVWDHEY 2 L—FMEL Tdecimalbrass] & FFIIIL 5 Frk 70 s 1C
ESH, TRUSOMBEEZBRELTHEMT 22 LTy, T TET XiO I8
ENTWLIEV2aV—IMELRRIMEEZNWESEDOEY 2 L— 2 EDOFEFIE
e L7,

WIT, EV2b—F a2 LIESAOREFETERETSMENR28H 5, —DIF
BRI AT A E—20 LIRICEINEZEY 2 L —F 285 E— L BELOR Y H &
b =DM ERIMMNHEY 2 L— X EEFRT IS 2B RO 0 FH
Thd,

EFV2 b= B UREFETIE, —RETFOE—LN—F=0 7R, £V a2 b —
ENOIETLHBELFLEBELEFOa o I X —2a VZ2FE LR IR LR,
Jiang 5 VI Z 0 EE A [ — L% (beam perturbations) | & FETY, = R /LF— 227
MAVEEAL EBREL D — RV DAL OV TR RTINS, ~RAEFIFEV 2 L—FDESIC
JEUTHIET A0, TOREIIISLEE—An— R 8 RIC X Bil%o— )67
DERNF—AXT MVTET B, 7o, WENOLE ST G T 5B R 1L
L7z — WM BB L F R ELE Foa v ¥ I x—va v b b b2, MESAatE
[CIEASEF DR =27 PO & HEDEFROBELE T ORI &2 1T 5 4 H
M2 3 (Figure3), €2 T, EVal—XICkdE—bn— =V V3R 2R E
F Y% (percentage depth dose : PDD) OZE{b A= L LCHRT 2L & Lz, %72,
XiO BT HMEFFE T, E— b= RV IV RIKF LI R L XF— AT LD
ZALIZKI T 2 BENRENTE T RIN TN O %R LT,

KICEY 2 L—F OBWMBRIMOMBEE B 2 1, TV 2 b— % OEHRIHRIITHRIAEL
i R (source-surface distance : SSD), HAESEF# 1 X, HENOES, £V 2 b —X
DEIINZEVENT 20, ZHIFAREFZ R LT —=DIRIRNART MV a o7
HDTHD, LIER-T, BV 2 L—FORFHITIN D DL E B JE L 755 H5R 5%
MTO2UEPRHDL, AT O AVF =M%, 77y b= T 74 0ZIZL5HE—



IN—=R=VITHRICEV T Ty b= 774 V2R (BRE) TS CEbix LT
Wh, 7Ty hN=v T T g VA TR S EIC LT, B AL RS E B
BOIMNEEHL o TWVWD, TDHE—Lbn— R= 73 OES TR 2D
—POF R F =T L, WIMEE T A N ENELS R DD RN TF R F—
DAL D EGWT D722 225, Ll (CAX) 225 R B0 4% To 1 B E (off-axis
position : OAP) 1T/ U CZ XL F—NIL L TWDHT®, ZOBRBE 7T v b= 77
ANBIZED TE=L YT h=0 TR EFFATND, ZOE—LY T F=r 7R
WCEVEY 2 b—FICATRT L - RAEFOZR LT =AY FLA OAP TR D70,
TV 2 L= X OREHBREL OAP IIG U TELT 22 & LD, SBIT, FEValL—4
HHEOE—LN—R=U 73R Mb Y, PLlilzFm s 7 28E (v y) BT 5%E
Val—HDREE () Lo THEBERBIIZEINT D, LR oT, EVa b —4&
FHCHW D s R EIE, OAP IR L ASOEF O R — 2T FLEfE, £V
2= DEIIEKFLEEY 2V —FHFICL DX NF =27 MV EE EE
LR 2 V2 BN B 5, Weber b °D IZTEMEART Y 2 L — & et IX £
PR TIEAR TS TH D &b, Jiang 50 [TH = XL X — TRV LT O FHIE KRG
BT FEDNR IR TIE R <, MENTAY 72 F i CTRHAE L 72 B8R & v 7 v m §HED
VETH D ER_TVSD, £/ Dimitriadis 5 *V 17 72— FE— A DOBMIGHRIKIL 7 1L
DRSS OECIHRAFT H LI TWEH, LML, Xi0 TOEY 2 L—FEiHHE X7
—ODENHIBEIEE AN DHAE P s TS, TIT, AR TIREY 2 L—F
2L 2 EMRBIRBELORFMZITV, Xi0O DFHE LTV a L— X EE il ERES
IZHHIET 2 FIEZ BT L7,

Tx DITSTZIEFIEZ 2 OB TITON D, B 1EMBTIE, EVa2L—FHED
BREIZED 74N ZDEDENZ EZHEIRBIC I VMIE L, 22 TEREDOERMT
B L7z Emasasi e AEMEE LTH W, 55 2 BT, MHTFNOE—LY 7 |
=T EEV A=A AFICE A== N2 ST L DB R OMIETH D,

TIEHEHDOE S ()& JERE (x, )T U7z Z R ele S O 2 £l L, Fh
LEMBILLTCEY 2 L—¥EMEFHREICHW:E,

ARIFFIEHR SN TND3D-TPS THH XIOZH W TEVRBEDORNEY 2 L—4 %
AW IMRT ZEHT 52 LTV, TVa2L—FEOMHIELEEZER~S LI, XiO

CEDEHEY 2 L —F EZ W2 IMRT OBES A Z M LI DO TH D,



BIE AR LGE

E AR AN %51 Clinac-2100C (Varian Medical Systems, Palo alto, CA, USA) T, X ft=
FOLFX—TAME AMV A L7z, TV o L— 2 ME LM 3/ (IS Bk C2801,
B 8.47g/em’, LUTFEEER) A6 L7z, ZWRICIANE A% & 13 XiO (Computer Medical
Systems, Washington DC, U.S.A)T, /N—T a3 4331 ThD, itET7 LIV X AT
Superposition (5T, FHE~ MV 7 A X 2mm R & L7z, IMIZSmm~ KU 7 X CEE
L, IM LS EZ ORIRICIKET 2038045 A7 v 7 Th 5, BV 2 L— 2 RETHE
D% 3RA N OB FZITV, 7 4 NV ZRICE#R LT,

PRI AR ECH E 121X 0.6 cc Farmer ZFEBEF A-12 (Standard imaging ft, WI, U.S.A.) &
MAX-4000 77t (Standard imaging 1, WI, U.S.A.) Z H 7=, KZ4li 7 7 > b 1% Solid
water TM(Gammex RMI, WI, U.S.A.) & EH % 4 cm, HE 10 cm © PMMA % mini phantom
ZREH U7z, 2 oot &4 I 7€ 1% EDR-2 film (Eastman Kodak Company, Rochester, NY,
USANEMERA L7z, 7 405 A% v F 1L 16 bit, 150-dpi D7 T v h~y KA F v F

(ES-8500: EPSON, H i, HA) A M L, #EMHTIZ DD-System Ver.2.1 (77— 7T v
7, B, BARYEH W, BEERIZE D PDD JIERE —AT 1 7 7 A VHIEIL =Ko
/K7 7 > I~ 2 Blue Phantom  (Scanditroinx -Wellhoefer #:, Bahnhofstrase, Germany) % ff]
v, FEBERITEMEAED 0.13 cc O CCI13 ZfEM L7z,

XiO TOFHE 7L = U X AL Superposition & L, FHE~ U 27 A% 0.2x02x0.2
em’ & U7z, IM IZAEHBRE L0y 0.136 205 1.028 £ TA{L L, MEMMPEIL 0.02 T
REAT v THIZ 45 B TH 5,

£ Yo L—ZYJH|IL, Floor type NC-mill {Z Robodrill «-T14iDs (Fanuc £, [H%L, HA)

(Figure 2a) Zf#i [l L 7=, Floor type NC-mill T & K TA B A 21 15 x 15 x 6 cm’

(fit x B x @ &) T, BEMA TIEREIZ£0.001 ~ £0.003 cm Th 5, YIHI T HIE
FHID A2 ecme A7 27 2RI, FHIVAIC L cmo A7 27 22 FIb, fhk
FHIVIZ 0.6 em¢ R— Ty RIVEM W, EVaL—FORKEL 6 em T, &
KEIZRX—AF L — KD 0.6cm Th D, Figure 2b IZUIHI L7\ E Y = L — X 2R T,
XiO DT —ZEyFIT02em RO x,y v bV 7 RERoTWNWDHED, EValb—H
GIENEZ 22 R TIT o 72, 723, x JilA (transverse Ji[a)) %7 — & [ EL#RAf



WLPE L7273, BARZT 2y i (radial 1) 37 =2y FOEETHD, TV b—
5@7]1]@%%‘7 ‘y‘.‘/\‘7/]’/l/&‘/—<[:’ D Fﬂ:%&%’:b’ 7\%}?{}}3-'73: \\/:/7/];]]/& R I//I)FEﬁEE%E

(source to wedge tray distance: SWTD) (X 57.4cm Th 5,

3-1. TV 2 L—F 2 Lk B4 PDD DZ 4L

SEIEREV 2L —FDOEIIZBT 5440 PDD #HlE Lz, EHLEEEY 2 L
— X2 DR X1X0,1,2.5 6cm T, HfIE L7 OAP L 0 (CAX), 5,10, 15em ThH D, HEIZ
ZWIEAKTZ 7 N A 0.13 cc DEBEFE AV, BIEME 0.1 em TA % v HiPH XK
LY -05ecm2b +30em THDH, BMEEIX 26x26cm® & L, PDDIFE—LD 7 7
I A 2o THIE L 7= (Figure 4a, b), PDD OZAKiX 10 em SEZFEMEELEL L, €D

PDD (PDD,o) % kit L 7=,

3-2.Xi0 IZ81T 5 PDD O B — b — N=V 7 8B 0 FE4h

XiO BT LEFEY 2 L—FRZBEDOAF DO — b — F=2 7RI T 55
HHRE A PDD X VR L7z, W=7 L2 U X AL Clarkson 5, Convolution ¥4,
Superposition {5 C, HHL/-ZEY 2L —FDE X130, 1, 2.5, 6 cm, atHE L7 OAP X0
(CAX), 5,10, 15ecm & L7z, ZNHHHEIA A MUIERIRLZ 3-1. LRICEKHETH D,
HHT Y 2 L= IIHB T L2 L L TXIOIZHEEL, TN OAP TO PDD Hift %
E— L7774 o THAF L7z (Figure 5),

5T, XiO B LR LX— AT M HiEBET Vo7 LI EER LR
fliLic, ZHXAVF—RAXT MALOBHET Y 71X, CAX DA [L CEY =R L¥
— =1.387 MeV) FE X7, OAP=12.5cm OMLEIZBIT DAY bvEA4AY PF Lo
W CEY = /L¥F— =1308 MeV) 776 FHx R/LF—T 1.408, 1.600, 1.664 MeV D
3FEEH A 1ER L7z (Figure 6),



3-3. EHWEFHHEE ORI E

S D FENIRIIREL & F O RS EHRAE R A I E L 72, Solid water 7 7 > b A & fi
PR Z M F BEBE (source to surface distance: SSD ) 90 cm |Z3% & L, Farmer 2R HER IZ LV
10ecm EOH M EZRE Lz, EHEIX 1lem &L, BEEFHS A X% 5,10, 15,20,25
cm D 5 %A RNIZEZ TENTN O FEMIREE KD T,

34 TV V—FHMEOMIE

XiO (2§ TV 5 decimalbrass & EHI DB EDE VNI L HE Y 2 L— X JEDE
DOHIE%R, XiO OB 5 R 7= FBIIRE ug, " &, FRLEEY 2L —4T
FP LT FARIIRE w7 LV kT, EFXIO THREBFNEZAERIC2 5% LT IM

(Figure 7a) Z{ER L, BESAHRE L EY 2L —XORFFE2ITo7-, ¥, IM I1THM
KRG L Y DO RARME (0.136) &AM (1.028) D 2EBETH D, XiO OftES
HNBEHFD IM ORI 2 8 E725 CAX R & LT (x, y) = ( £5 cm, 0 cm)

(OAP= *5cm) ([CBT HMEERD, TN ZNGHEASRE L, FHHBERE [

bl
Bnin

LY D, NG LD X0 ORI 5 R 7 EHMEI R g (DR TR ERD

calcu calcu
calcu ln(Itmmx /Itmin )

ot o e foin 1
Mo ; (M

2T, t=t, -1, THD,

FROTIUTHELEZEY 2 V=2 Z{E L, ©—A7 17 7 A /L% Blue Phantom
WCEVHEELE, 777 ANV EOEAED IM OXFRAR 2 SOEE (x,y)=( £5cm, 0
cm) (OAP £5cm) (2B DHEZ R, T LHREAFIRRE [, J07E 2 i i

[ e %, BV a b2 Fmiin b RO T BRI w13 (2) N 72 D,

measure

eff

ln(Imeasure /Imeasure )
max min

= (2)
t




ZIT, uyMtOEDEBHREEFFOT Y 2 L—ZHER, Xi0 THW b E R
By TSt om LA UBBH AR DS OICKLBERES &1 LT, @3UE0)
Xz AT

calcu
ot
measure ef f
1 3
of f / (3)
b, LIER-T, RODMERL XA TRKDDLZLNTE D,
ca.zlf:u

t, =1 mi{cj;'ure (4)

off

WIERTIOE Y2 V=B~ b 7 2% MT,..,(x,y) £ T 5L, BEMERDEY 2
=5~ b YA MT,,, (L)EEXRTESNG,

calcu
. of f
denstt} (‘x y) MY:)rzginul(‘x’y) " measure (5)
off

7k, METEY A R 132 20x20 cm?, BIEEIZ8em & L, SSDIE 92cem & L7,

3-5. BSARE LA B OMAEDLEIC L D2BRBBEHREOH E

BT Y 2 L—F DFEE130.5,1.0,2.5,4.0,60 cm OS5 FEEEEH L, BETI=
Ty v hAICE DT r—E—AEEH, SSD 1L 145 cm, FRG B (I FRBR A B A (F
B, ¥4 XFT7 A Y% ET3x3em’ (SSD=145cm TORE SITEMHN 58
N5 43x 4.3 cm’) & L7z, Farmer EEHFZMNTI =77 b A 10 cm EDZE

Rt EZE Lz, 8NV EOREIXLE O OAP IZEINT I =7 7 > b AT
E—ANARNTLEI 770 T4 VICGbETINEST v U 2RSS, s e — A
A4 NI T ICRRE L7z, £72 SSD B —EERDHLII =77 FADNEEZREL

72o CAX & Transverse 5] (B — AT ¢ 7 M EERT DM, y=0) D OAP



282, 4,6,8,10 cm TOMEEZME L7 (Figure 8), HIDEZE S L OAP HOMAED
30 ML OFmEMRE K 0 (6) &2 H W THRIBEI R 5 &2 R 7=,

In(1(x,y,0)/I(x,y,t))
t

(6)

M(xay,t) =

22T, ulx,y,t) IXHSTER oo CRGCEEE (x,y) TEY 2 L—F & fem OFRBEIFRE T
H5, I(x,y,001%L “RICEEFE (x,y) TOA—T7 L BEE TOMRE, [(x,y,0) T R ITERE
(X, ) TEV 2l —HFEtem TOBBBRETH S,

ZIT, MEBERNOKEDEIE LS (WAEE (x,y),,, EEF 1) (B0 5%
MISRALIC L 0 EHUE L SIS R O A SRS R u,, & T B,

X,V,1t
Ml(l)(f,yff)zf 7
SHIZ, ZOMAMNEIEL Y 2 b— ZJEIEAF Lo REE R oL b & 3 IR& AR
Ll X2 mEUFXE LT 8)RE iz,

Auratio =

. (x,v,0) = A(t)- r* + B(t)- r* + C(t)- r + D(1) (8)

DT gy, (xyst) R (x,y) (r=qx’+y2)T, YA L— 2 em O BIKIIE K
Thd,

®)RUZ R LM fR Bt w,,, (x,y,1) (X BF OB EE(X))EEY 2 L—HFE
(HickvRENDZD, 20O w,.(x,y,0) & = RICESIIRET RS (3D-LACR:
three-dimensional linear attenuation coefficient ratio) & M52 & & 9%, R, B—2 Y

T A=V TR OREIL CAX ZH0E LRI ER 57D, 3D-LACR I OAP

(r=a/x?+y?) OEEKELTHLETZLENTE D,



3-6. ZRTEFIBEBIBLEEE BD-LACR) # A AVWEEY a2 L— 2 ER#ELEE

3D-LACR 3 HRSS B N Ol S BRIR ISR I 0 AT & B ¥ 2 L — Z JITRAF L 72 #RIs5 £R 2
DRI 2 £ BT, % OEUERRE (x,y),, TORERL OEV2L—2I2BT 5
MIBIRE DL TH D, BEOEWZLDIEY 2 L—FXEDOEVOMIEEZ, (4) X TIT
DN, T OMIE TITEEYEEE(S cm, 0 cm) (OAP =5cm), JE & 5.08 cm DOEEHET Y = L
— X DOENRIRBEALEH LI, THERUEHETORBHHEBEELEL LT
3D-LACR Z MW TENBBHBREB L MIET 2FIC LD, BEMRES ZE 5, £t o
— IR RV X — A 2 T L 72 E IR A TSRO DN TE D EREL
oo ThE SR EY G R 3D- w, (three-dimensional effective attenuation
coefficient : 3D-EAC) & FE5,

Mo (X, Y,1) & Uyp ™ Uiy (X, Y1) )

WEBOEY 2 L—2 & 1, (xy) EEDBBRBLCHELLEY 2L —F &
(x,y) & OMEBRIIHEME COEERMETIXBBENELWVEZD, KA LR

den sity

%

I(x,y)
= exp(_lu“e x’y’t) ) tcorrect (.X,y)) = exp(_lue ) t ensi ('x’y))
IO(X,y) ff( ff " density
(10)
(10X x9N ZHWTEET S &
Aue ! ensit ('x’y)
tcorrect ('x’y) = tdensity('x’y) ) L = - - (1 1)

‘u‘v’ff(x’y’t) lu“ratin('x’yat)

FAES Tl 3D-LACR (X 1.0 TH Y, Fifb L72EY 2 L — X EIIBEEMIEHZDOE S
LW, EREEOR#ELEZEY 2 L—F & ¢ (x,y) 1%, XiO CitHEhiz=
Val—ZEOBEMERDES (x,y) %)X ® 3D-LACR Tk Z &Ik vk

denszrv

DLFENTE D,

-10-



3-7. BAIZFHREZ—VOBBRICEIZEY 2 V—FOKEFM

M D720 AB,C 3 IO IM ZEpk L7z (Figure 9), W T iLh MG B 1 X
1220 x 20 cm® T, A [ZIRSTEF O %f A 7 SR L7 BREE S5 A7, BIXE T 2w FIER O
BESA, CIIMiE 7 Iy RIBROBESM T D, TIH OREES i & £ WU BF 12 5
LAMV X B COMBS AR E TV 2 L—F#et21To 72, 728, SSD=92cm, Mt
%1% Solid water 7 7 > b AD 8em & L7z,

Xi0 D#EFHLIEEV a2 Lb—F &, RE{LLELZ{To/oE Y 2 L—FZxt L, Rtk
T7 ARV 8 emIRICBITLFEENADFAAROE—LT BT 7 AL ERIEL
oo XiO CRHHAELEMES LIV EONTZFAEOAROE—LT 0T 7 AV E TN BHE
BB 2 i U CE V2 b — X OBBESAGEE 2 RGE LT,

3-8 WA NRE —V DT ANBIZEBRE 2 L—F OIEETLH

AFE L 72 BB I L DRF M CHEH L7z AB,C —FHDEY = L — X |22\ T EDR-2
T 4B E A, ZRGTRRE A &2 JE L2, Solid water 7 7 ' R A% SSD =92 cm
B L, 8cm DRI EDR-2 7 4V A%FHEA LT, 24 FEMZIZ T 4 VA A X v F
(EB-8500) T#iAHL Y, DD-System (2 LY 6x6 7 BN D A L— > 7 HLEL % Fij ALEE
ELTHT o TR IC TR E R B A AL ER & S0 U 7= XiO OfR By A i B o & FEHIR &
Oy AR O FRE y fippr s W E VT, FEEIEAEIL 3 mm, 3%, 4 mm, 4%, 5 mm, 5% 3
BEfE & LT,

3-9. AEHE#E 7 7 b A X ARG 08 B4 EEAT

EWRAGES A D IMRT 77 > % XiO IZH8WT 7 MBS CER L, Z OFHEIC XA
FED PMMA D NMRFEIERELL 7 7 > b A E AWz, 207 7 & b A EHEE O JE 5,
Y o8, WE TR, BMORA NI 7 Fx &5k, AT 7 F ¥ OMEREIX
BRIRGICHEIL L TV D, THOEY 2 L—Z%2/Ek L, R TORFTEZHWEa Ry
v N T T D2 R ES A A EDR-2 7 4 L A& AWTER L7z, EDR-2 7 4 /L AT

7 A Y H %G e Transverse, Sagittal, Coronal 1 3 [ (ZEL{E L, DD-System (2 X Y
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AT UTo, SEATHHEIE 3-8 O L R U Ch 5, FHEME L FHEIE & 13y FATEE A,
4mm, 4% DV T4 7 ) T CHMMLIE,
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Fa4E & R

4-1. EV a2 L —FFEAIZ L 584 PDD O &1L

TV L —HEALRVIRE (t=0cm)TO CAX % & Lefii4+® PDD % Figure 10
ZRT, flAME CIREENME T L TR Y, ToHEIIHETIER HEHMEERE AL
L, MR 77y h= 74NV ZICLHDE—LN— R=V IR DHER TE T,
Figure 11 [CE Y 2 L —X ZBML7HATHO CAX ® PDD 27377, CAX TlEEYa L
— 2 OFESLZOE I LT PDD OZKIFFAE RSN T, 121IF—ED PDD /=~ L T
W5, Figure 12 ICEY 2 L—F ZEBEINMLESEATO OAP=15cm TO PDD /5~ 7, E
Val—FEELSTHIEFEEFRITHEML PDD T RELS AL, EVa L —FEE
KT DIFEZFAX DL AHER TE S, Figure 1312 6 cm EDE Y = L— X ZfHA
L7256 TD% OAP @ PDD % /5§, CAX &4 OAP TOERMHFICKERZITA LA
W,

Zh 5D PDD DAk % 10 cm £ D PDD (PDD,o) % F5HE & L Tl L 7245 - % Table 2
WY, £2F0EE T 74k LT Figure 14 12779, PDD;, D D21k 1Z Figure 10
B 13 £TIZ/R L7 PDD HROZE(LEZ IR L TWD, TV a2 L—FFE|IZLD
PDD,y DfE L OAP = 5cm TIIFE EZL N2 0 CAX TITES EHICEHETKRFLE, —
77, OAP 7% 5 cm Z Bl X 7285 Z & PDDy DfEIXIED L T %,

Table 3 & Figure 152 PDDyo DS E{bEZ CAX DfEE DZESE L TRLTE, £V
2 L—XEIZ LD PDD DA LITEIMELERE KT LTS, PDD fEIZEY = L
— X005 6 cm OELIZEB VT OAP 5,10, 15cm TIXZNER 1, 3, 8% DAL & 72
Sl BIAMELEE Y 2 L— X ORBEREILIZITTND,

4-2.Xi0 IZ81F 5 PDD O B — b — N=V 72 8B 0 FE4h

FY o b—Z PEEVVREE TORIEE D PDD (Figure 16) & Clarkson 35 C#t5 L 72 PDD

DY HM Al & Figure 17, Convolution ¥ & Superposition % CTEF & L 72 PDD O #filisf &1k %

Figure 18 {2779, Clarkson {5 CTliZ CAX & #i%t® PDD (XAl — & 720, #iob &2 THOT —X

-13-



X OAP =0 cn DHF A T/RTMICELR 572, Convolution % & Superposition £ T35+
BT HEBEOR TN RGN, WSO R LF—BRBE LTS, 727EL, W
FOWHRIZTV o720 LER-TEY, 73U XAMOEWNITA LN,

EFEValb—% 6 cm BEEFHA LSS ORIEMFigure 19)& Clarkson ¥ TEMAE L7
PDD D #4254k % Figure 20, Convolution % & Superposition 75 T#tH L 72 PDD D428
{b.% Figure 21 (2777, Z Z T% Clarkson {£ Tld CAX & 4@ PDD [Z[R—TdH v, il
4D PDD OEALIZAE L BE I LT 72y, Convolution 3£ & Superposition {2 Tl #7412
B ODEBEOKR TR, MANAO =R VF BN BEINTHDLN, T2 X
AMOE VTR BN o Tz,

ZZT, PDD EEHEEL L CENENOEIET VI XL EIZT T 7L T
Figure 22 (T/R L7z, ERME TITESN CHAEME T L TRY, TV a2 Lb—2 BRI D
ESRITHEIAN ORI R AN L, HHE 6 cm TIRIZIE—EOEMIHBEL 2> T D,
Clarkson {£TlX, ORI FRIK TR LN DD, EV a2 L—FEITEFL TR,
Convolution {% & Superposition {EIT < Fl—DE L EZ R L, A OEEFEOWRA A 5
NoEEZ, EV2b—FEORIIHTIZERELR SN TS, L L ZDOE{KITHE
HEIZ R B2 OAP & E Y 2 L —Z B DR FITEKAF Lo MR 2L TiE7e <, OAPIZ
TR L2 WE L E 7> TS, F72 CAX THIEHENRESZE/ILL TWD LI,
% OAP COZLEITIFIE—EME oo TEY, FHMHE & TR E < Bl 72 3 HR R
Ehroi,

Figure 23 |2 PDD(fEOEL 2T 2 L —HEZTLIZ/ T 7L TR LI, V2 L
— 2 PIEVREE CON OFEHEREMITNTNOT LT Y ALATHEBEINTWVDN,
AN E & REEAT & 22 > TH Y OAP = 15 cm Tl 3~4% DiEENELTWD, Rk,
ZITETATY ALBOBEWTIRER LRV, BV a2 L—FEHIBELS RDITLEE
BE & OTEFENKRE K 2B LT ATY RAMTOXEL B> TW5, HHE 2.5cm
Tl Clarkson {EIZIFITERIE & [ CHREHE 4 7~ L7223, Superposition TILA T OAP
T2WIEEBM UL 72 o7z, HEIEN 6 cm (2725 & Clarkson {5 CTIX#ihsM I &l E
il & OTREENKE L 720 4% O/ NGEA & 72 o 7=,

XiO DE—LET U U ZIZBWTHIS 125 cm D= RV F— A7 MLEEFL, 6
FEORZ DL E—LEER LT, TNENOFHEMER LY PDD) DAL E R, Figure
24 2R Lz, FERME CTIX CAX &S TOEIT 1%RE L EWIZ S hvb b3 AKRD

-14-



TR F— AT [T H IS OGRS FE T K STV D, =R LF— AT fL
EESHTHRAEOLEMEICEN DD b DOORRDOMEPNIIANR D = KL F— R~
7 PVOELEREREFTR OGN, —J7, TRXVF =7 hrDZE4kid PDD LU
Rl OSER B AR E L EL ST D Z L AVH o 72, Figure 25 (b) 2 Spectrum-3
TOEMRBIBROFHEFERZ ST, EEATOERE A Figure 25(a) & -~ CAX LV
A ORI L EREHRARKESEALATLEL TN D,

4-3. EDWHHREK

AMV X B OBEE 10 x 10 cm? THE 1 cm B4 7= EL 5 F 50T 0.4058 cm’™!
Elrot, BEEY A Ik A2 T 5 x 5 em? T 0.4082 em’!, 25 x 25 cm® T 0.3879
em’ L2V, FBERNICEA L-, ZTOMOZEALIE 0.0203 cm” T 5.0% DO Lo T

(Figure 26)
44, TV 2L —FHEOBE

BB N2 A2 2 38 L7- IM (Figure 7a) BT D5tHE SN MESA &, 1EK
L7eE Y2 L—F OB ESA % Figure 7b 1277, ZOROEY 2 L— X FREIX
5.08 cm, F/NEIL 0.6 cm Th D, CAX LV EAXHR72 2 SO ERE (x=+5cm, y=0cm),

(x=-5cm,y=0cm) (OAP = +5cm) (T J % FHHAMME [, FHRBBHRE [T
LIEI 193.9 cGy, 36.1 cGy, HIEAFTRRE [, JEFBIBRE [ 122 hZ2h 200
cGy,46.2cGy L 72072, ZH 5 £V Xi0 DB 2 & 3K 8D 7= TR AR 5wy, 13 (1)
KLY 03754 em™, £V 2 L— X BBHED SR 72 EHBIHRE w13 Q)R LY
03271 ecm™ & 72 %,

LEERn->T, MEMEZEDEY 2 L—XEM (X, ()LD

den sity

(x,y)=MT, (x,y)-1.1477

den sity riginal

LAY
AMV X #T® decimalbrass 3 L OV 3 FED 5.08 cm JEOMEFZBBFIL, TNEN
18.62%, 23.1% CTh o7z, F7z, MEFZIEFEN decimalbrass D i KJE & [7 U 18.62% & 72
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HEM3EDOE L5833 cem &2, HRKRKEDEWT0.75¢cm TH D,

4-5. WO BRIBEE BR B 0 AR

AMV X D CAX Z JF s & L7 dls B (x, y) = (rem, 0 cm)  (OAP =rcm) & #d
DIEZ (1) cm DA G DEIZIT 2 IETIIREZ Table 4, Figure 27 2777, #EDJE
Ex05ecm D 6.0 cm £TEL LEEGA, CAX b EDTZ VT 10 OAP T b #RIBT %
B(p em™) ITBD L, £V 2 L—HJE 0.5cm 25 6 cm £ TOMRBIRIE DO LT
4 MV X D CAX TiE 04110 cm ' 25 0.3740 cm™', OAP =10 cm TiE 0.4312 cm™ 75
0.3836 em™ & (L L, ZLBEITWMIME L L RBBEAN D D, = DR KEEIT, 0.0572
em™ £72 0, CAX L TOMHH 1 em JEOMIBIFFREL (0.403 cm™) & BT 5 & 143% D
Blet oo,

HiE3-4DFTY 2 L— M EMETHWIZEE®X, y)=(5cm, 0cm) (OAP=5cm) ,

Yo L— #2508 cm OFFIIELE ( 0.3819 cm™) & HEWE L L CIEBMLALER L 7= #1964 59
TR W, (X,Y,0) D530 % Figure 28 I[Z" 4, £/, Z OFRIEIHRELL % 3 kL HAL
Phc X 2EUFEREE (8) KAEMERL, TDa b d, £ TOEK%E Table 5 12734, 20
BB D RIFAE % 755512 L 0 3l L7z (Figure 29), 725 OffixHE O F-41E 4MV X ##
TH0.11%, EHEREFZNTN 0.083 %E 720, @)FXUTHAZESD 0.38%LINT—E
ERAYCIEG S 5 Al

4-6. IR TEFI MMM L I BD-LACR) 2A WL EY 2 L — X EFIER R

P DE Y 2 L —FEIZKF L 3D-LACR Z W THIIEEZ 1T > 7256, OAP B L UV7 «
VB EDENT EORE DO EE N MBI > 72D h % Table 6 12777, 7235, 3D-LACR
D% x =7.07 cm, y = 7.07 cm (OAP = 10 cm) £ CTO EHJIE % AV CTEYF L7724, x =
9.2 cm,y=9.2cm (OAP = 13 cm) & CTIFSMFEZ HV, ZHLL ED OAP (2% L CTiE 13 cm
DfEZEH L Cheilfb 21T > 72,

IERAE U7 SL YRR 59 R 2013 A (x, y) = (5 em, 0 cm) (OAP=5cm) , Va2 L —X
JZ 5.08 cm DFRFTILREL ( 03819 cm™) TH D720, BEMICEY 2 L—F DT
LEIANCH 5, CAX KV OAP BN 213 L&A 2 0.04 cm 7225 A K 0.24 cm 7
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7%, FLEEMENEL 251 E CAX & BH 0% COFHMIE DO ZLiE N KX < 7
D, CAX & OAP =13 cm [H] T HIE D EALIZEHE 0.6 cm TiE 0.03 cm TH 2D DI
ML, 6 cm JETIX024em Lo 7c, MIEHRDEY 2 L—XRIT, XiO O FHED £
RIS RBOFHFE LV ENGAIT LV EL Y EVEAITHIC L0 IEL 22 5
PR B, BIRTIRE O LI L TEHFEREILL TV D,

4-7. B ZH N Z -V DBBFICEID2ED 2V —F O EFM

NRE = A (RS O %M 07 I ER L7280 A6)  (Figure 30) 1%, CAX TIEML
L7z, L L CWARWE—AT a7 7 A VT, RECBITMEL U RIENY
Xi0 DFFHEMEE L < —&H L Tn5, FEITOAP=6cm FTIEE3%T—HLTWDHN,
FRGH BF B0 ERRZEN T DA B 5, TREMR T M O % ATl OAP =5 em £
TIEE3%UNT—H L TWDA, BEEDERICITWVIZERENHEML, SAKH &I
TESWREOEVWRAEL TS, MEFMIELT L 2HTIIRV—%E2R L, Y
2 L—F OfN, BRIEN BRSO ET D5, MENENT 2 EmN A LR
%,

NE—2 B (V7 Iy FIIRORES ) (Figure 31) 1%, FE®h/AEL G R OB ET =
77 ANDOEKIE (OAP=85cm) TIEBML L7z, Kb LaWgsd, MEL U0k
SHIRMREDN 52%DiBMEL R -oT-, FLETOMNBEICEWVTIBEMRE L 2> TS,
—J7, Ee bt T, EET OAP=7 cm LA £ 3 %N~ L, %4 TH OAP =12
cm FTE3%UNT—HL TS, EMCIXRHNELICBOTRERTRALND,
F51Z In-line 1T S%FEE DM EPRAD L 7> TV D,

NWE—C (YT Iy NBIROMBES ) (Figure 32) 1L CAX TE#SELZ, ZD
PNE = TIEREIL LW RBRESAO —BRRWMERAN LGNS, EY 2 L — 2R
JEL 72 5 BRE BF 0 % 1E EME N T AN H 0, RIS AR T 5% ez D
RS 5,
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4-8. WM R RE—V DT A NVAIIZEDETD 2 L—F DREELM

EDR-2 7 4 VA X D 2 RTTHEDA & XiO NEHR Lo~ v 7 & y fENTIEIC &
D F7Af L 7= (Figure 33), /3% — > A, B, C & b I RS .00 10 x 10 em” 838 T 3 mm,
3%DFEMAEEA R L TRV, AT Ry, L LR E % Cho R E, K/
BERDEIMTHRENRKELSRY, Smm, S%OFMEELZ B2 5500 —HIchb o7,
% 72, Transverse flllZ{h - 72T CHRAEABLOIRWFEI CORRZEN K EZ W,

4-9. NEFHIAEEE 7 7 > b AT X D EK G O &5 A A
Figure 34 (T L 72 AMRBEEEE 7 7 > F A& T & 31T, Transverse, Sagittal,
Coronal [ @ v -FRAEFE R Z R T, BODPOHFIBTIREN L Lo TWVWDH A, 2IRMIZIE

IFIE 4 mm, 4%D 7 FA TV TICNE->TWD, 772 b ADEITITWERS <0 M 5 B0

AL CTRENZ WAL H 5,

218 -



FS5E B &

5-1. IEBOEMAZRINANX—H[HLEET2a L —FDOEE

TV 2L —H & ALRVIREE (1=0cm) TP CAX % & tedli#k o PDD (Figure 10)
X, CAX XV EAMCEESNDIEEERMENETLTEY, WKL 7Ty b= 277
ANBIZRDE—LY 7 h=v 7R EEBEZ NS, RFIHORICK N CAX TIEHE
WAL L TERY, MEHLVHE NS D =TT DR VF—04M1E CAX i b iE
THFIEFEMETHL I EPMRTEL, ZNICHBADEY 2 L—F 2BINT 2 L,
CAX TOEMFIIFALEZALLZ2WICH DL L T COWERITEML, 6cm JETiX
OAPI15Scm (2B W TH CAX & A UEREH & e o7 (Figure 13,14), ZHiE, £V 2 L —
ZIZEDE—bN—F=U IR THLEZEZOND, CAX 37Ty b= 277 4 v
KD == F=r ZHAETH o R BT TV e 2 DIRIRICEAL
WIS, AR TFOFEH TR —NEOVEIMNIEE Y 2 L— X OEBE K& ZIT,
IE#RE VDS D —REFITMFABANTT 7y b= 7 7 4 L ZITEFE LTz X
NE—ZL (=LY T h=27) BHY, TEVab—F |2k SILICHEM R R LY

— b L D NG oT,

52.Xi0 DB ERHHBEICBITAEY 2 —F~DEEBOEA W

Xi0O OMEFFHIZIHNT, 4-1 TEHINTZE ===V IHRP/ZE I LT
DDINERERT HTIDIZ, TV ab—F DRI 2E 2260 PDD %35 LRNME L
b U7z, Clarkson MEIZHIAN D = R L F —ZALITBE I LT W7o 72 (Figure 17),
Convolution % & Superposition ¥ IX[A UG R & 72 0 dlish 3 ERVE T L L7228, EHIE
L 0B KEHET DS R b (Figure 18), 2 ZICHEEAEY = L—X 2 ARTZHA
Clarkson 7% TlI e < B2 h - 7228 (Figure 20), Convolution % & Superposition 7% T
ITIRE R 2Nk L7z (Figure 21), ZhiE, Va2l —HXIlkbbE—bnn—FR=7%
XiOFZE L TV ORI LB N D0, ZOMIEIZ /2 Tidiv, FERMHE D & HER
FTIE, CAX IFZEALEFHIIME TR ROEMA R LN 1ETTH 528, OAP IZ %
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2 —EDEME 72 > T (Figure 22,23), 24 LD XiO THEY 2L —XIZLHE
— AN = TEZBRELTWDLN, 77y b= T 74 VIR D —REF DT RV
F—EETIEBEL TWARNFERH ST,

XiO THIZA O = RV F —FEMIZ AV STV D OAP=12.5cm IZBIF H =R /L F—2R
N7 MNEESEELE, MESMOYGENR RN E > EE Lz, 1LY OAP
IR LTe B I X R 6T (Figure 24), WIICIREOERESANRRKELENTLE -
7= (Figure 25), EV a2 L—Z &Z AW —LEF U o 7 Clligh o &3l % 8 E 1017
IEDICHET D Z LA ARETH B,

Figure 29 1T 2 M EFH R ZEDO Y — U PRREN TV D, MIEEZ TR WA &
el U CHIERITE ¥ 2 b —F E OO EIR CIX R R SRR TN L, BV T
LTW2, EVab—FZE—2NIZHA LGS KA TOREIE T Clide < #ELt
FREAEL, FLE—bN— F=V 7RPEHTERY, LALIOMELD XiO
OHBMEHETNVITY ALATHEE 2L —H L - ==V 7B REIBEIN
TWARWEHEITE 5, £, BRI OMEITHBEMEICBRSERERHEML TN D,
ZHIZEY Xi0 OMEFHEIZEY 2L —F DL OWMELETOHFLGFEBEL Tientk
HIWFC X %, XiO THW S TU 5 Superposition {EIXE T v aitHIZ L= Rx X
—H—=FNE RO TEENORTILF—HE2FELTHDE Y | Animwsh*I2 &
L Xi0 TIEE—LET UV U 7ORBIZE W T RLFX — AT L2 L TFEY
TRNAF—ZBHL, OV F =T MVIAREINTET 74 RO R LF
— AN FV LD OAP OB AW TER S LD, L, XiO TIIHESMIIB T %k
BOEIZIR IV E— L — RIS, V2 L — X LA —Lbn— K=
TRWELE T, BYRE T OREITEBEB I N TN,

INHORERIY Xi0 OMEFHET LTI A LTEY 2 Lb—FE AN THEOME
BEALIZH T HEBRIIA T THD LimT 2. BEICARNTLIETOE—L2DEELE
BLIEAFE—L2ET Y VI RRETHD,

BRAEEFHRIL Superposition ¥ TIT 72728, OAP 2B DX P L E—LH—FR )LD
BREV 2l —ZHHFOE—AN—R=U ZHRICE5FE X MOTRLX— A~
NVZEAGICKIE LT S B — A — R LD E SN BB Th 5, SHiC, TVa
L— 205 OWELR OFEM ** RN+ SR s TV ARERD D, 72, HHALEE—LA
IX MLC-IMRT HICE—LAET VT LR, TV b —FE2MHT 5 ETORRY
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—ALET VU TIITHo TV, BMEFAREEZAD E, 2 U A —XFiERENGHEME
CERBOMTI%DEWAELTEY, FValL—XOFHENSRLE LEE—ATT
Vo 78 MBETHD,

53. BRIBFANOBB/REOENL LTV 2L —FDREE

TR 0 FR B PN OO BRI 4R 5k D 25 (b1, OAP 25 5 1F EHAIN L TE Y (Figure 27),
HEER 0.5 cm JED CAX & OAP =10 cm TOZAL b K& < 0.0202 cm™, 4R 6 cm £
MI/NT 0.0096 cm™ THhotm, MEBD 7T v h=2 77 4L FICLHE—LY T |
=V TR IO L A BN TH D EEXD, £, BV L—FOREENRELRDIF
E SRS L, HEIE 0.5cm & 6 cm TOZE{LEIE CAX T 0.0370 cm™, OAP =
10cm T 0.0476 cm™ & 720, #SME EZE(CIEARINT 2B TH o7z, ZHIFEY 2 b
— A HHIT LD = b= Ry 7R 00 12k BRI B D, —
U5, WSER o IR L IR D 25 (b (Figure 26) IXHH 41 X 5x 5 cm’
25 25 x 25 em® [T 0.0203 cm™ £ 720, BREEFOKE & & RITHESCHICHL L, £
Val—FEMHA LSS, AT VRN TALNLIE—LY T = IRITINZ,
EFEV 2L —H LD E—IN—R=UTRBMbY, EVaL—FREIZED 77 b
AAHHF DT IR F— 1 THEHECEL L TV D ENERTX -, Chang b Y 1E, F%)
B REITRIAOWE & 2 DR S, B A X, AERE, BHEN OAP IZXLVE
T 270, BEOFMETES LI EDRBHREEZRRMEE Lo Y 2 L—F &
PITIHARWERRTNDR, ZOMRME BT FERERoT,

Sk

@

54, BRBRNOZRNE LTI L EV 2V —F LB E—bNA—F = T2 E
L7mEV2V— Y EORBEFRE

FERIIFR I O BEALIE Chang® ' S i2 X > THHE SN TV S A, Chang b O 7z
BAEUL, EARFNHHBREIZIEY 2 L —F DE X, OAP, I REIZ BTz NT A
BEGRLTRDDLEDTHD, %37 A X OERIIBERO7 7 hAaE AW T 1
TrANVDOENBEEFREMELZEEL, b7 4y T OMEZKERE L TRDODTWD,
ZD7-®, Chang & P = Tewell & °2 (300 [ (ZBIFE L 7= 1608 518 % & (PlanUNC) % ]
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WTW 5, Plessis 5 % |3 EGS #XN— 2 & L7=E VT AN uiETh % DOSXYZ % i
WT EAC ZEHE L TW5, Foxld, BIETIEED OAP L EV 2 L — X EITEGF LT=E
L& FER L, 150 OAP £ JE & TIEMAL L7 3D-LACR 23K, Z O FEHT — & % [l)F

B =z Pk L7,

WHEDOEY 2 L— 2 ERTIE, BMlEE, $R3LERE—MRESMT — 2 b E
R E W TEY 2 L= EL23ET 52, A% Xi0 TitRINZEY 2

—ZBEOMIEAIT) 22 HNE LTWD, XiO TIEAiEM B D decimalbrass |2 [E &
SNTWDHD, TxOEMTHHME L OFEEOENZMIEY % 720I2 3D-LACR % F)
MU, ETHEER, EEEOEDHHFEHEEHTADRITEY IM L Pz,
Z D% OAP &L EV 2 L— X RITEMF LI ERHSRE OB LD EY 2 L—FED
I#{bZ 3D-LACR IZ X VT o7, 2 2 THIHESME & Lo OZ R BN OHELR 2 & T
ERNWIREDOEACIT, KL L7 FERHIIRE % 3D-LAC ThRL7ZfEICHE L& Lz
RThHD,

Figure 30 72 5 32 IZHMEHEZ M IE L, b L7 €Y 2 L— 2 O EHH RS & XiO
TOFRMZRTH, PLOFLTEEIS B LTWD I LRbNnD, £, F#h, XA
I 2 TIZB W THEARDEGRMICELLLTEBY, Va2 L —XIZ LD — ARELH
DZEMDPRRED R S BB TV D, FHEME & F2HIE O — BT vy -T2 B8V T 4 mm,
4% D FEMIEEICITIFIEIN E > TOD A, IM /Y — 2 OFENIC X 0 IR B0 kO & &,
B D WA B BEIRIC I W TRMEARE & DFRZED 3 mm, 3% &M TV HERAH 5, Hi
EAF A R 72 FHIK S, cross-line A COREENZ N,

Figure 33, 34 |3y -MEHTIEIC X 0 FHEM L ZRE O —EMEZ2FE M L= b O TH 5 03,
E—A 7T 7 AL ORER & FARR T y [E2A M EEZ B X TV 225, 1Z1F 4 mm,
4% 0D FEAM L HE T ITIL E > TV D LT & 5, Salz b VO 8k Z V72 MAIMRT T,
TN AN KR ERTET 6% %22 DRRENE LN, 2K E L TE 3%UAD
BETHH T EHELTWD, RIFRICKIT DRERE & Salz & OHEILF— O RN
FE& R L7z, 723, Figure 34 (25 5415 Transverse [ & Coronal [ D JEHEIZ A H LD K
ERBEL, WRERORBTHDL LEZD,

LLEXY, 3D-LACR # W EY 2 b —ZEOMIEFEOAH AN T X 72 & %
Wb,
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5-5.Xi0 12 X 3 M-IMRT OB ESHFOLKEFIZHIT T

XiO |2 & %5 M-IMRT Off &45348 O YEIZ W, EDOARA > M NC-mill D YIHIFAZE,
FRNWHIRENC X DM IEFRZE, XiOWCBITHAMEHEREDI R THDLEEXD,

NC-mill ®EIEIE T A % K247 > TV DA, cross-line 5 [H] DT — Z [ X EARAF L CTY)
HILTWb o2k L, in-line 5L 02 em OF —Z E v FOEEHEI L TWVW5D, #HRE
AFLORERERTIZ 2 RKOT =2y FH (IH0.2 cm) TO07 cmDEY 2 L—F &
WAL L, AL 74° THDHD, ZOMAEMM L TUHI LRV OB o 9]
kL 725, ZORIKIC XY Figure 33 @ cross-line J7 12 /L 651 5 A —EfEik 23 4 U <
WBEEZBND, Meyer b IR — L= FIAOEIEIRIC OV TR TN SN,
Bx DUIHI G CTH25 %DOMBERAENEL DTV 2 L—FHERBEIIR K6 EL D,
Lo T, 20X RAROREREH OIS (2 I LA X, F—
By F) O, £ in-line FRNCHT 57 — X OB N LETH D,

DXL, KB REOMELEOMETH D, MELRL > VE2EbED DT,
—T7E—LNRE = DIMODXIO TOMEFFEMERLEEY 2 L—FITKDEH L ZER
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(a) (b)

Figure 1.
(a) Photograph of a desktop type numerically controlled milling machine.
(b) Photograph of a compensator and a compensator mold.
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(a) (b)

Figure 2.

(a) Photograph of a floor type numerically controlled milling machine.

(b) Photograph of a brass beam modulator mounted on the accessory slot of the linear accelerator
gantry head.
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Figure 3
Schematic diagram showing the dose contribution from various beam rays through the
beam modulator. Reference by .decimal (Ken Cahon)
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Figure 4.

Schematic diagram of the setup geometry used to evaluate the change in the PDD through
the beam modulators. (a) calculation geometry using the XiO TPS. (b) measurement
geometry using the three-dimensional water scanner.
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Figure 5.
Example of calculation for the PDD using XiO TPS through the beam modulator.
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Various energy spectra at OAP (=12.5 cm) using XiO TPS to evaluate the off-axis dose
through the modulator.
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Figure 7.
(a) The intensity map for the two-tone pattern geometry designed by the XiO TPS. (b)
Cross-line dose profile in an intensity map of the two-tone pattern geometry. The solid

line is calculated from the Xio TPS, and the open circles indicate measured data.
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Figure 8.
Schematic diagram of the setup used to measure the change in attenuation characteristics
with the distance from the beam axis.
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(a)

(b)

(c)

Figure 9.
The intensity map for various geometric patterns to evaluate the M-IMRT.
(a) The oblique pattern. (b) The pyramid pattern. (c¢) The reverse pyramid pattern.
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Figure 10.

Graph of PDD curves for a range of OAP without modulator for 4 MV X-ray beams.
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Figure 11.

Graph of PDD curves for a range of modulator thickness on the CAX for 4 MV X-ray

beams.

_4) -



PDD (%)

120

100 7
/

Brass thickness

80 | (mm)
] —}
-5

60 10
40 —40

0 5 10 15 20 25
Depth (cm)

Figure 12.
Graph of PDD curves for a range of modulator thickness on the OAP (= 15 cm) for
4MV X-ray beams.
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Figure 13.

Graph of PDD curves for a range of OAP under 6 cm thickness modulator for 4MV X-
ray beams.
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Figure 14.

Graph of PDD; as a function of the OAP for various modulator thickness for 4MV
X-ray beams.
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Figure 15.

Graph of PDD,; values (%) for a difference with the CAX as a function of modulator

thickness for various OAP for 4MV X-ray beams.
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Figure 16.

Graph of measured PDD curves for a range of OAP without modulator for 4 MV X-ray
beams.

_47 -



120

100 /—\

80
\ /OAP=0, 5 10, 15 cm

& %

a \
(o]

Q- 40

\

20
0 1 1 1 | 1
0 5 10 15 20 25 30
Depth (cm)
Figure 17.

Graph of calculated PDD curves for a range of OAP without modulator for 4 MV X-ray

beams using Clarkson algorithm.
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Figure 18.

Graph of calculated PDD curves for a range of OAP without modulator for 4 MV X-ray
beams using superposition / convolution algorithm.
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Figure 19.
Graph of measured PDD curves for a range of OAP with 6 cm thickness modulator for
4 MV X-ray.
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Figure 20.

Graph of calculated PDD curves for a range of OAP with 6 ¢cm thickness modulator for
4 MV X-ray beams using Clarkson algorithm.
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Figure 21.

Graph of calculated PDD curves for a range of OAP with 6 cm thickness modulator for
4 MV X-ray beams using superposition / convolution algorithm.
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Graph of PDD,jasa function of the OAP for various modulator thickness for 4MV X-ray
beams. (a) measured data. (b) calculated data using the Clarkson algorithm. (c) calculated
data using the convolution / superposition algorithm.
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Graph of PDD, as a function of the OAP for various calculation algorithms for 4MV
X-ray beams. (a) Brass modulator thickness =0 cm. (b) ) Brass modulator thickness =
2.5 cm. (c) ) Brass modulator thickness = 6 cm.
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Figure 24.

Graph of PDD,; as a function of the OAP for various secondary beam spectrum (OAP =
12.5 ¢cm) with 3 ¢cm thickness brass modulator for 4MV X-ray beams
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Figure 25.
Calculated isodose curve (transverse plane) through the 6 cm thickness brass modulator.
(a) Using a original spectrum. (b) Using a modified spectrum (Spectrum-3).
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Figure 26.

Effective attenuation coefficients with the 1 cm thickness brass slab.
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Figure 27.

The LAC as a function of the brass modulator thickness for six different OAP for 4-MV
photon beams.
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Figure 28.

The LACR as a function of the OAP for various brass modulator thicknesses for 4-MV
photon beams. The LAC was normalized using the reference value, which was 0.3819 cm’!
(the brass thickness was 5.08 cm and the OAP was 5 cm).
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Accuracy of a regression equation (8).
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Figure 30.

Relative dose profiles for geometric pattern A. The solid line represents data calculated by
Xi0. The symbols indicate measured data. The dose profiles have been calculated with

(closed circle) and without (open circle) correction using the 3D-LACR.
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Relative dose profiles for geometric pattern B. The solid line represents data calculated by
Xi0. The symbols indicate measured data. The dose profiles have been calculated with
(closed circle) and without (open circle) correction using the 3D-LACR.
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Relative dose profiles for geometric pattern C. The solid line represents data calculated by
Xi0. The symbols indicate measured data. The dose profiles have been calculated with
(closed circle) and without (open circle) correction using the 3D-LACR.
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Imm. 3% 4 mm, 4% S mm, 5%

Figure 33.

Companison of dose distributions of the calculations and the measurement results using
the gamma-value map. The levels of evaluation enteria were 3 mm, 3%, 4 mm. 4%, and
5 mm, 5%. (a) i1s geometric pattern A (an oblique intensity distribution in the cross-field
direction), (b) is pattern B (a pyramidal pattern), and (¢) 1s pattern C (a reverse pyramidal
pattern). The red parts indicate under- or overestimated arcas.
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Schematic image of the pharynx
model phantom

Transverse plane Sagittal plane

Figure 34.

{a) Schematic image of the pharynx model phantom. This phantom includes a pharyngeal
target (red), neck lymph nodes (magenta), parotid glands (white), and the spinal cord (blue).
The gamma-value for 4 mm, 4% critenion. The red parts indicate under- or overestimated

arcas.
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Table 1.
Comparison between “the step and shoot IMRT” and “the modulator-based IMRT” of
various specifications and performance

Step & Shoot M-IMRT
eRGtasR 4 ~8hr 2~5hr
REHH DR HRREE 1x1 cm 0.33 ~ 0.5mm
RBHHDERME 10 LR)VIZE &89
RENHODIEN Tongue & Groove )

RIERE (%) 1% #) 20% (R#k 5cm/E)
RAFI1X 22 x 27 cm 40 x 40 cm
RE(HH)BRE MLCIC#&TF RYF

LI XY MEDFIF MLC, ZILTJVUXALIEKTF EBIXYMAE
B () G | 1520 1115
RETOER 2 (¥) 89 IR E

SRGY PR DREHE #ELUL fi g

OFUR EHATR S B LU il &
SYZVJIRK g -3 DB
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Table 2.

The PDD,; values (%) fora difference with the zero modulator thickness value (mm)
as a function of the brass modulator thickness for four different OAPs for 4 MV X-ray

beams.

. OAP (cm)
Brass Thickness
(cm)
0 50 100 150
0 68.18 67.30 64.94 60.01
0.5 -0.13 -0.16 +0.36 +0.97
1 -0.31 +0.01 +0.77 +1.74
2.5 -0.45 +0.11 +1.43 +3.06
4 -0.76 +0.10 +1.69 +5.01
6 -1.01 -0.19 +2.45 +7.46
Max. Difference -1.01 -0.19 +2.45 +7.46
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Table 3.

The PDD,;values (%) for a difference with the CAX value as a function of the brass
modulator thickness for four different OAPs for 4 MV X-ray beams.

Brass OAP (cm)
Thickness Max. Difference
(cm) 0(CAX) 5 10 15
0 68.18 -0.88 -3.24 -8.17 -8.17
0.5 68.05 -0.91 -2.72 -7.07 -7.07
1 67.87 -0.56 -2.16 -6.12 -6.12
2.5 67.73 -0.32 -1.36 -4.66 -4.66
4 67.42 -0.02 -0.79 -2.40 -2.40
6 67.17 -0.06 +0.22 +0.30 +0.30
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Table 4.
The LAC as a function of the brass modulator thickness for six different OAP for 4-MV
photon beams.

Brass OAP (cm)
thickness
(cm) 0 2 4 6 8 10
0.5 0.4110 0.4129 0.4160 0.4210 0.4264 0.4312
1 0.4030 0.4051 0.4075 0.4120 0.4165 0.4204
2.5 0.3920 0.3936 0.3950 0.3979 0.4019 0.4065
4 0.3850 0.3859 0.3879 0.3899 0.3931 0.3969

6 0.3740 0.3744 0.3760 0.3778 0.3804 0.3836
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Table 5.

Valuesofa,, b;, ¢;, and d, determined by cubic polynomial fitting of the LACR as a function

17 17 712

of the OAP and brass modulator thickness using Eq. (5). (r=q/x*+y*)

i 3 b G

1 6.520E-07 -1.045E-05 4.994E-05

2 -9.191E-06 1.471€E-04 -7.175E-04
3 6.257E-07 -1.168E-04 6.933E-04
4 -9.285E-04 1.050E-02 -4.929E-02

g

-6.637E-05

1.230E-03

2.223E-04

1.097E-00

Wy ) =(at’ +bt* +ct+d) r'+(at’ +byt* +c,t +dy) r?

+a, ' + b’ + et +dy) r+(ap’ +bt* +c,t+d,)
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Table 6.

The corrected value of brass thickness as a function of the OAP for five different
brass modulator thickness for 4-MV photon beams.

OAP (cm)
Brass
thickness 0 2 4 6 8 10 12 13
(cm)
0.6 -0.04 -0.04 -0.05 -0.05 -0.06 -0.07 -0.07 -0.07
1 -0.05 -0.06 -0.06 -0.07 -0.08 -0.09 -0.10 -0.11
2.5 -0.06 -0.07 -0.08 -0.10 -0.12 -0.15 -0.18 -0.19
4 -0.03 -0.05 -0.06 -0.09 -0.12 -0.16 -0.21 -0.24
6 0.13 0.12 0.10 0.07 0.02 -0.03 -0.08 -0.11

-71 -



