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Applying Medical Physics in Radiotherapy Practice to Better and Accurate Treat

Abstract:

Two of the most important issues which nowadays are raised in the field of radiotherapy and
medical physics, are treatment planning and dosimetry. Also, one of other important issues in
radiotherapy practice is the required irradiation time, and the issue of how much time a patient
must lie under radiation, because a patient being over-exposed under radiotherapy practice
can cause serious damage to the healthy tissues, and being underexposed may also cause
lesion and cancerous tumor to fail to be treated well. Thus, in this research, establishing a
relationship between treatment planning and dosimetry causes determining the required
irradiation time for a patient in a way that it will cause much more accuracy in radiotherapy
practice. As specifying the geometry and dimensions of some of the very thin tissues, like
skin and mucus tissues, and also their modeling are not possible for the calculation of the
absorbed dose, some of the different models of phantoms can be applied as soft tissues. Thus,
using treatment planning and also a precise dosimetry can help determine the required
irritation time for a tissue, which is a vital parameter in radiotherapy practice. This prevents
an overdose of radiation and protects healthy tissues of the body.

Keywords: Dosimetry, Irradiation time, Radiotherapy, Tissue, Treatment planning.

doudo —1

& . o Y . . - . - . . a \
2 3srl Sl e pll olaibial iognl Slelr s 3l g s Dpsar 1970 Jlo 5l S ol (b

shylo bL&qubdXéyﬁ&bmdwy)o odls (5,5 ojlail des 30 5l el SLo S cid>

0 4S5 (650 4 5 s09l 09 [1, 2] anans 1) jegnl el bshas pe 4 al Jate S50 65wl ;0 (gglue 0

" Treatment Planning
? Isodose Charts



o 3z 0 aS sl Slizl s )AL 4 Coend (galue (55laie Sl 50 1l g 08 o osle oy I NS 4y aS 00l
[3] oS

WL (oo oY S 0 PR sk 50 deiar Ao Alols s i (635 0 semme Job o 3 Bole (Fuwd Slewlre sl
L an e b a9 od 1850 Jlainl 0 Yl ol s plays Ak 55 5 ity ol o SIS sk [4]
bog 5o odz 0 a5 glallas cnlply [5, 6] ail (oo <l jo 55055 Bl el lotond orm; ol oS 5 55
oBws 2Ll cBas 5o 50 Gognl dlre alax I (blawe (285 (a3 o Clucal b wls widl oo BT 508 SO
"o outS (e 5 055 alaz 51 by 6051 o 4l [7, 8] iS55 15 5l i & jlo 09,5 Setup 5 s,
191 by (tals as ol (Sae aSa il 05 g0 (gams 29y (00 ) (gl is0]y (53l ding y5kiie o o5

2355, fimgil ol ol i) e 09 48,5 5 50 Sl (oo limsl) ok 2 45 ot o Sl3e 3l K
Gz A sk 0,5 )18 505 p 5ilS g S e )0 ERN 59,55 ol 5l b 55 sgip a5 Wil (S Wb
ol (2355 Jiwgnl (lom aladi (ol 9 058 (oo Jol Bl g (3908 j9mme 90 &bl I Gl dall S 90 50 H5ilerlS
2 AS o 53k pleys (b 0 ) cate jls B (2055 n sl 65518 (e [10, T1] 05d 0 ploxil a5
Sl pl (SilSe yiimwg il e a5 0l 392 55 K00 sl e S [12] 0,5 18 gl jo b Bas dde
ool 0550 (ol g0ly slp a5 (BlLws 4 bgs e (555 6)5 logip ablis oo (o a5 ol (gl Aol Cdds )0 a5
4 93,9 5l ‘C)] bad 5 sl agly shiogas | g law 5 5, SO adgl 6550 e Sl 5ol 30,8 U
O 695 2 Ol O3S 8 5 (2l yrenss o Sl eslainl I o8 dalys i o s JoSa5 Slge b o935 G <y
Bl god 4z g g 4 g 032 0l (2 MalS gligoly Jes Jsb o L8l j0 0ad DAz o (e 4 00 @ Sz e

[13] il cawyo romw jlase

I hgy -2
@ e Sy oo 40 jgk el coge Wlae Jlons Gomr by, 50 (Sip ol igdl, b 6500 peas 6l Lo Candye

[14] 055 Bige ol yisal, o Lo § paseds sl 350 (6,10 i o

! Target

> Wedge

* Compensators
* Isocenter



[15] (o355 5> ymgnl 665,18 o5 -1 Sl

a7 Pl sl omimen il 4l LS 5 slaysme bl e o L PTV 550 1o cl o (0095 olS
[16] ol ogen sl Al >k csleo y2a

ol [17] 053 oo i T8 o (] 43 85 sl (] (59,708 (i 5 p5058 Copmdsn td sloyd (> 55 o oyl
245 59085 5l ez el (paend BB ey 59lsSl lawsgs s PET g MRILCT by Sy (50 p gl 325k 5l o
[18, 19] el 3055 (SysScs Sl Coond Lo a5 sl pb GTV' el sanlive LB (5,15 1 5 9o

29555 (S s5g Som Slagiond o5 |y 9055 2> S o2l 295 o 4tiS CTV? (1 o 05 3925 55 6,500 o2
el @) ln @l adle S s Sl S anl e S oS w2 Gl [20] 098 e Jold S)ls o 5,

[21] 54 Bim by (SeedS Jas 5l aS” ol sand g 0l oo Hlows CuxBge 3 5 ol ie0ly 10 o5 380 wedal 0g

IFOF S )
Gas JBlS poe

| I i
N
— u‘:"t Sy e

[22] obeys 6‘>|,|a S 0dl Loy 2 6"5"‘ -2 J&m

! Planning Target Volume
2 Target Volume (TV)

3 Gross Tumor Volume

4 Clinical Target Volume



Slos Setup ;5 Slpsd e g Gloy b penliie (RS 5 (530S e g 402 2,0 551, CTV o2 PTV oo
PTV Wl (oo axdl a5 sl ;5 BB jg098 (333 Comdye (mend 50 DS pos 5 5 WS, (Sjglsnind &S 52 (ieen 5
Sg aid S i 0 sl (o CTV 0 a5 Jlo ail> [23] 09 iy Jlows o Glojogin slp 3 alfair (o
o o8 Sl Syl [24] 550 Camdge g jlem ConBae 10 Dl iren g S8L SO g o3l el Cuadse 1l 0 le
0gd 48,8 a5 oy 0 35 [, CTV aS PTV 6l 50 5 b 530 S 5958 jgame 35 GTV 4 PTV o 5L 5o
Az Sz o) Skl s 4l Sy Sl cpl 5 a5 5 )s s PRV 53 a1 Gl S sl olays (> [25]
Jo5 Slisgean ailys o PTV 3 PRV a5 005 o adlol o)ls asuinl 5 ppee cdl> il 1o j50g5 a5 Caand ] (5l
2 on 5055 0550 PTV (55, 5 ol 655550 o &2 )0 50 o8 ol o] B iy (Jg sl ails oo b 38
5 995 jgaze gl bawgs el J15 a5 Sl ez Glgie 4 a5 5l 392 "oless g ple 6% o> PRV 9,
26, 27] 593 (o s ya5 CefolsSl Lags on

WS o 30 53 5 2l e anlo Ll 45 3L e S Wl 45 S 5 300 o ol oz bl g
[28] 555 (o0 113 (8095 5 990 45 WAL ALl S92y el (e i e 2L 5 (s ke e Gl o

[29] 55 o 00litl NTCP 5 TCP (sl (5355 5| 45 & ppaisds jp055 oo sl (sl ol g, 53 50 FOM?
> s 9 S3L L jge05 pn G0 50 Ol (oo | Wi BB Sl See loyd (Bib y0 oS Jleia] slalla
ChsS 53 0lg5 oo 3 |y Wt ST Sl (Ses BTV (g0 0 a5 plalhas 5pad oud (uinjpe SdL L 9y
[30] ceils ® ol (b Sl 5 oolictl 5 by (60 gl S5 «SzoS Sl CT gl

oo 030l T35 (o plgiam 4 5l sgmg ol 51 s sl 5 a5 U Om ol )18 sl sbone
ol [31] 08ds punils (goluno Jolsd 4y LAl 0550 50 Bogazme a5 Cwl p3Y 30 cozx> pl S gt dlxe glp 040
1992 walg 025 3590 253,190 55 dalee

Lbl> ) i oad 0ols B 50 (655 ol jelate 4 -2 L gam aw layd 6lp loye byl R S plgre 4 -1
Sl a3l sledoe @ 63505 o Olsie @ -4 O mre S @ 808 03l slajs bl sl -3 PTV ;5 55250

[32] b (Sleidl (00 dodio pie g j9095 S (o G

! Planning Organ at Risk Volume
% Treated Volume

3 Irradiated Volume

* Figures of Merit

% Spiral Scanners

® Dose Volume Histogram



slalls ohae 8 leasl g slizl 0500 j0 0,5 g0 Gl.o.b.o.».uﬁ sl Sl &g o> Slawbw a5 90,0
331 255 0 )Lal o)lge ol & Gl (o0 ployd (Pib s Sl ol dalyS el Slewls

3959 =3 colKiws Sledlbl 580 ywils =2 (jlo,s (48,5 aige g e (69,8 Sledbl § olKitws (sl el )b oS 5 -1
oolawl \.\4‘9.4..: uLo)é 6‘)" 4&))9.‘44 ‘5>5).> ULC)UG‘ uo)a—‘ w..\.x *4 9 w.u)gin S\M»l?bc 9 )LM ULC)'UG‘ d:.ﬁd 9 oo
g

6‘)4 Mo Ml) WL».A ».\JL: L)T L_SLQ,«J).) O alols s).:ﬁta; L)J‘ )‘ g solauwl 6‘).: aS cas ~.\)L: ).u CT }451..44 Sy90 yO
&9y ¥ .).JL) t5>)L> Gy dw.ul.; ) 0.3 cm )a..a u.))f 9 yw 6‘1.4 905 cm o)..au Uﬂ 6‘)" 9 0.5-1 cm dw Y
b 5o aliealy jo eolatul )50 ol&iws I 5L 0,00 wledlbl 51 S5 [34, 35] 05 plbxl CT lo oy 51 S5 2
Slojle ange etz jgileds Aol (Gantry 5 yiwgnl 9o 5D gin Awais iy CebsS 5 655 5l wSike Ol
36, 37] gelielle i 5 o 055 Jolds (S8 (555 52

@i 30 -2-1

Gi-‘]'-i” )LJ u‘)~° J)Jm “)95- aS ML) e (kg) oole Py > g 9)); )| Lf""b Ej» L.;)))‘ )‘JM Cbg> 5o ‘3» 3o

X = i—Q (1) 1 R=2.58x10*C/kg  X: Exposure (Isa ,3)
m

AEImns/err@d a A

K= — (2) 1Gy=1J/kg=100rad K:Kerma (s, <l a4 asl Jasl 5,0
m
1bg Ol (oo eiaen

dE
K=—mr 3

= 3)

Slogiy Bk 5l a5 o9ign 5 sl i saisS o5s loyl oS des I AU &gl ciix (6551 ) cud le dE,
Aiload i Y 9 X sladgih wisle l5aigy d
AEabsorbed — — . oa .
D=—=tt (4) 1Gy=1J/kg=100rad D:Dose (p, il o odz> ;0)

Am

\ Cand oyl U pe T ety ()

E hv—1.02MeV
Y651 JE gyt = e+ oo () + ), (———)  (6)
hv hv

OS Jalaco (g 0 30 sleeiby; ~2-1-1

! Attenuation coefficient
? Energy transfer coefficient



sl ) 5l iz glsil 0gSB aBl oo o (282 55 655 o3l (gl Fnly Jes 0 K3 e Sl Sljsr il (S
Hlols oo b Ghg) (nl e 5lall (oo and 5 D98 Ll 5 <83 hils Sy e oS oad )] e pel i 55 (55050
ooliiul -4 5 ' coiiaglye 5 5l osliiul -3 okid b (s ytan 0 2 (Dl gug b b S5 ey 3 aile oliend (sl ey o -1
g o 00l i Jlaisl ay Ll 5l golass Lril jo aS 0y b > sl ey JIS )

lagin o Cwsl SganlanST 595 p 5 ol . Olgmg 3 b o3 e so atile s olionds (sla oo 5l oolinul -1
S oo s S b Slilgu a1 ] g 00gad ol 5,8 Sligu ol 50 sludsy

25 Sidly Bz Al oo 8 (Stdly w0 50 45 Sl SrsS 5k 455 S o5 T kb b (s mo -2
fadl 550 g Jode Oy b onil oo salize 308 sbo2ld shls plaS 2 a8 ol Sslite sl oy sl sl Ceand
D) eS|y (8L,

Q)|);> 5)‘1.,...» OF Lng}s).s Ja...uy aS ol u-‘)BL o|5.4 e Lg)),sl Zﬁ.'i-é )| oolawl G TU-L g SIS W 5J5,a).s )‘ oolawl =3

4 aelx b yog &yg0 4 (LIF) wljsld pod wiile 555l 50 o 033 65,50 ol il 3150 55 olml 5 Ll ol
[38] 0,5 (o g0 (mpe bS58 (ol gl sl alo S

Syb 5lasles e 1) 50 liae gy 4 Blgi el Glgie g 4 S Al oo YU slalkas slls S ae sla by, &S
P97wd b 4 ) B e (o g iy 0 39 5l e 00l b (595 Dad 5 (551 e 4SSl 4 azgi b K00
@ oy 65 n 5Pl L) Cangy s j0 00l U 65 6551 Ol o8 Ol e 4 1 05l se (5l Dy
Foo Slos o b pliee (S L) s Joo Wlg a5 (L85, o sbml cnlple (285 Sl s (S S8l Bes
ON (s plasl o prenje SO aIAS Gl & (@80 (6 ea 3o Sl A5 Lz wil (e ()90 slews oS ol Ll g,
28,5 o3l g55p8l il b1y 0T Dl &5 Conl ez e GBI b @ 950 G 5l onsy (6531 liee 40 g 01 092
i 03l Cosl (s (6,0l ol Lo 45 w536 5l Ll oo sslate oyl calys 1 2l Sy UBs s pgd]

S 70230 3 o 3l eoliul g pguild Az, -2-2

Giledae g (blre slo Sl b cangy @l ol U (S le S8l 1 (B slal g dvaie s a0l 4 4z L
oolitl o3 glo il g 4y b gl 5l calisee slo e 5l Gl (oo« pdy GGl iz 50 dule sl b o

9o bwgi MIRD (slo pgiils aidS 1o 0,5 1,8 oolaiwl 0,50 3 aligol, 4 bgs e lidss (o wilgl 4 ekay 350

sebite 4 oy (A3l G851 55 100 51 is g 3l (15,122 1, 1960 JLs o Snyder 4 Fisher slpol 4 axeiils

! Thermoluminescent (TLD)
% Film Badge



Syo i 98 (glp a5 il 0 \QL..\.JI QA pgil cole gl (Jol jo b cplcwl sas b JS s (6 kes 0
oo Gleasls 4 pgage pgils 51 635,50 5 ylolS elgil imran [39] C85 Gjse (B s jshie @ o5 s
ol il es Bl o s, IS olge 5 b Sledlbl lls a5 canl oad aisle 5 b 1980 Jlo s Soslgils
Leogsld (l awgs (IS L)) Giales (97 9 08l (oo JLuS 55 B oljg 5l calies sl (6Tl (sl pgils Jolds Loogils
Sledbl glyls LSyl 51 Sy ol g5 5 dmain Gy jo (SIS0 Gleinsgase (g ks ible Jdo 4y 508 9 @8l L
[40] wogs Uas 51 oYL &0 (sl ls 45 wags ool aisles oxbaws SLO! olal 2 10 Loy ol 1 ing ciynss
Sy Jgoo onl e A 0,05 T (6 550alS (5500 n0a slo ($5P5SS (655,50 pas a5 55 1980 Lo I as
Caojd 53 5 m dus 53 % 5 Sl 511, B pyglas sl g wad gl MRIT o CT' (55)5:S5 a5 ol L]
o Ot 2l g0 (90 s slo Cudgaze glls jeim sszge b ($3905SS Lol b yo aiS wg b
o 0 oz sle il g G5 sla S 5 lawisl dyho dunS gy 1l Al az e polie oS aies b 2l
3 Ol s e Joo slp gl sl eolital j3 aldl (ool OBl 58 Cegy il SHB (S sle 2l sildae
{41, 42] b cosl ol o] Pamnle & L o 3550 O 51 i
Dyscte = Doter ton ! P) s (7)
Ol dadse 5l o le 45 050 oo ool O pgils 5l Sl igol, Jes j0 (SdS 50 Gl yols b j0

T43] (5 @) 3 Ui asile g (oo 00ls )13 T Jo alisee glo Cuxdae 10 onijlods G a5

Fp det
-
] ...................... /
-
+= . .
_
Ol s gl )0 oaliinl 5,50 O pgzils S —(2) 3 S5 Sl gl Sy pwain sles (A 3 Yo

! Anthropomorphic

2 Family Phantom

* Computed Tomography

* Magnetic Resonance Imaging
5 Muscle



Py edlitul b S8l o S 53 5o e a5 i) 098 (oo plamil 53 (SRS Slasle 3 a5 gl ol ) (o
pilive 3505 D90 oS jaiz o g Slelre sl ol aSed gon alols [44] 0l 0 Sige 55 Gl 2l
IS g Llo cde 4y 098 8game 50 e ile jo Cdo b il ez Sliwloee cdo sl B5lo g o ing by By
SIS 5,05 (0 Syge (s S ploys (b STe o Buee oS sune W e jges 5 Lesdl Lt plisels sl
ol iy ya3 olal (glyls aS 05 o solizal " Cond pgiild sy olo pguilé I DVH' &l 5 a3l oo g0l slallas

o )0 0 Slawlre Cds s gl a5 w5 jellasie ples g LS I ol b Juld Legiils ) aiil oo !

[45] s,
£ e - ™
Mr:y.»l_@ s)on' 6Loj—4 JS.J:
:gs’,.|):"5?.‘>‘) -2-3

Oleyd (J9 99, (0 5 (Sl js sl ysegi 9 Slulo loyo gl a5 canl ol LI Y s X slo (5598 b (gl igol) Jos
Ll a8l sy Gl yo 3 Sl 50 55 559 Ay

L3l 9 65 ol Ko (il 4 all (o (55900 sl plle S8 Lawg LI 5o Qi pas gl indl) Jes Jsb 5o
Ban S 50 SS oile; c ol el 5l Bue a8 e cpl a4 ol pas Hloms Blas 952 o] gl p S g 00 Ll 30
50 E88 Gl il oo jlew plle LBl Huus asse Sl Clial 5o g el guxe e SIS A5 0l ki i
D18 (K (23555 0550 j5085 Awdin ;0 L8> g (5 e ;o0 LB 4 (gl Fgol) Alwg (oo

{46] 5l cedjle Jlow S5 Glp 2lignsl, S

T O T T O LTS M WE- PR - AP NSO N [ R S TP JORE Y E

. g ¥ : .
Oleyd pleil g JuoSS =7 ¢ Jlge Slad 0 Gloys el =6 cylays £5,5 -5 ¢ yleys (b -4 ol (5,05, g

! Dose Volume Histogram
2 Test Phantom

3 Contouring

* Treatment Planning



b 2l gl near 5l eslaal 5\)Lo.:..> 30 S,ed pas obl ed aligoly o a8 ,5e Jle 5l Oledbl S sl ol
2 $Sedslse sloanlp Jlesl s 01 (53 Ol paesi ges8 S 3285 e 0] 5l o 3L o0 PET s MRI.CT
b atsie csam 99 layd slo (b slp 098 oo plosl CunsjolgSTl Loy 9095 350 Jore (g pe el ] (59,
dmbo b ghlye (bl dxio S (g5, p e 090 (oo plxl g b Jsiie b &S 1 (b lalg eolia
@lo amio 5l 59 So a4 G Jiie JS5 ol o 50 Abgiye g0k JS 4 Jgthe e 055 g0 18 gl
Fr &S 0 57 )l a5 ablite b G bawgs Jla plail ool il gam 90 Gloys (b sl 0sd (o Jiie SIS
D9 o0 (Byme 0,35 oo

] plasl S m 55 a8ly sl sl 308 cipiogs ol o el lisabl 5 gl S, 50 S S
MRI Jro o8l sl aidlas 5l g 058 (oo 488 )15 30 Jlow (sim o (oogilil &5 ol (295 55 (am a2l ig0l,
5 el 6 MeV Goee 39 oo oolainl X dail 5l oolaiwl b Slpgol) ;o a5 Jolae slo (65,50 [47] 55,5 oo oolain!
o g5l o a5 cde pl @ ail oo Famie ;0 ditue oYL la (5550 a5 18 MeV 4 15 MeV sl (o5,
Iy el sl dlie loys com Jlan Sl 4ndB ol 593 4T 398 oo WP G995 95 he polie el VL
ooliinl Glizmen (48,5 gy g Gliny 5 Sy Gl p loyo j0 (ol 9 xS 0 18 MeV auile YU (55,31 b (sladg xS
Dg (o0

90 a5 0359 GlleS Ay Wil oo 3 Gle Jle o glieol, GSESS LA s 5l eslanal b gl s,
15 Sgazme 4> 3 5 el 438,55 Sgo Gl 0 (SelS Sgo 4 935 b 4T 5,25 o Sy9e NCT' ¢ BNCT' &0
2395y 5l eolaiul b e jgeg (yleys (sl aS cunl (SiSS SO Jee (ol sl 00l plasl ol sy ST (S
e 95 S | e Sl G555 Ay lays (3g, [48] 953 s plmil YU LET™ (gl)ls sl o, dlssy
2 b S Si00 1934 Lo 0 50 b Sl 0958 65 ghie mhw Slalxe 4 by e Sz ple Jy w5
Jsle 33 95290 590 9 09598 e S, 5l Glew o 50 Ol 82,5 9 5 la Jal> ddgl 6.5 o3Il L BNCT g,
Lo Loitens Wilg5 (o0 950 () o5 aislad (on 03liial Wil (oo afiins Sy (5550 S0 o5 WT (555 05 &0 ot oS
5L a3 illae dlogy e 25Ty b o5igs 1y w3 (o T (T li] o a5 L

a+]Li +2.310MeV (94%)

. (3
a+1Li+2.792MeV (6%)

n+'"°B —>{

! Immobilization

2 Quality Assurance (QA)

3 Boron Neutron Capture Therapy
* Neutron Capture Therapy

> Linear Energy Transfer



i oo el puitans pé jeb 4 ) lame (giludy lagi 1 50 45wl o BNCT 5l cglie (59, NCT (35, Js
1y oosemliiny os oIyl Sl ] Gums 5 00,51 9572 il dame o 1, sy iSl aiile (g5, &gl Slyd lazl i
e b @ly Osrs 0 adlg ge caslin Jg g dadzr Hlgie [W/ERECINN pS D8 glyls a5 ol ,giST) aies e ploxl
355 Sgin wosllhe Jgish etz 4 plul (quiwd pae Ojso ;0 allE oo STy (ol WS )5 eolitul 55

55 )3 ool 390 bagsyy ol 45 0iS oy age slo dasin b 5> 3e8
Js5 > 0359 4 Sl (s (5 41 995 4 4z 5 b 45) Anir e gl (955 G GRSl T o Sl ]
Sl wolo LY (15398 m (RS0l 4 azgi b I gl (o0 w8 ¥ (slo (598 2l )0 09750 (g0 b (4l 0nds
8l o G (S8 L3 g (b A adgi Baudy wCdz By (gelS (SaS T (S0 Slgned Basay saler ) il
[49] 0l (o (gialS (FauSlyy 05 a8 )5 Hai 50 el (oo o slo Cdb ogas )3 a5 olb ossdy (n e 5 (S
ol 2B sl Y lo Sl L adsl (358 & jganl o ail 10 MeV 5 30 keV o 6550 bl ¥ (598 S
g, 555 I & 3l (2l slo 4 (sles iU L Ygann 5i5h oy nl 53 08 a1y T 5 03,5 9,95
OFP &35 3 (o5 Hlaie ensy cpl jo 0gh e 0aiSTy g Dby i GhegS ol Dl ped 5 005 9,55 Ales (oS
o e 00l 0aiST (39598 9 (39 2SN - gialS 5 0l Sby 9 Sl e (6551 A 5 0l (59 Sl ST B y0 Al
Copl Sl sl b (6531 51 oy ek (gl 58 28l Basms ST Slge b (558 (e S )l (g iz 90

[50, 517 o

o g b -3

R I P S
Syl @ azrg badl oo linsly dos 5o 5l jse (mogin Oloy e g drelre lie (ul 5l Al e (5T
ol 58,55 15 5 0 T LI ol sl 8l (ays dntes el siy il 53 dmld S slome 0o 5| i 655
B S oloys ogas 5 Blao i e 5 (2 gBly 15 180 0005 walys p9nss 5 anld oloys pas el i B
Bad (8 slogand 10 ol 00ld sy Jolie plod plowl 5l g cllin cpl jo el canlin (2055 5 by Cole; canls
oolitul b aS 0,5 )18, (sl abul, 55 Alang 40 (2l 50ly oo 5 oolitnl 3,50 Aoz &9:35T 5 232 50 o 45 el
9 Ay, Gilho w81 5 (i 50 G s S Al @ Az Loy (g p3Y 205 n Oloy Do & Gl abaly Gl

! Epithermal Neutrons
% Required irradiation time



@3> 30 Caaie dugsS (9)

OlF (oo dedar AsiST g ploj oad wble 9595 b e o Sl 4 (23> 59 Gl s 23 0 i el 0 &S
g | o alal, iz

D=dxtxA4d (10)
1yl Ol (o0 e

H=W,D (11)

SF > ) 5958 L 088 o il a4 iz 50 d 5 ((GY) 65w ) LS 0550 (i 0 Gl D A ek
(SV) &g o ) Jolae 50 H ((C1) (6555w ) oz 05551 :A o((8) 46 o ) o it «(Gy)
el g Ceway 12 Al 5l ail oo o ol shol Glanl 51 S5 a5 i 50 e ol b - S5e LsiSls (Wi

H
t=— (12)
dxAxW,
iz sla 09,3 (Sl 4 (g5 50 gl dadr Sy (sl Wiges oS 2Bl S5 Gl p i slaje polie d Jguz 5o
] 00 oals Uw.:l.o.) 9 OM] Cewdo MeV > 6))‘“

MeV e 2 o (5555 55! itz slo 09,5 (slil &2 iz glajo ~1 Jgur

(MeV/g) i 35 (MeV) 550095 (MeVig) i 3o (MeV) 550 09,

1.40E-07 6.00E-03 1.95E-15 1.00E-09
1.60E-07 8.00E-03 3.81E-14 5.00E-09
1.63E-07 1.00E-02 8.81E-14 1.00E-08
8.72E-07 2.00E-02 4.70E-13 2.00E-08
2.07E-06 4.00E-02 1.94E-12 4.00E-08
2.19E-06 6.00E-02 2.25E-12 6.00E-08
2.42E-06 8.00E-02 1.95E-12 8.00E-08
2.48E-06 1.00E-01 1.38E-12 1.00E-07
1.58E-05 2.00E-01 4.16E-12 2.00E-07
1.07E-05 4.00E-01 4.20E-12 4.00E-07
1.20E-05 6.00E-01 4.08E-12 6.00E-07
1.29E-05 8.00E-01 3.29E-12 8.00E-07
1.25E-05 1.00E+00 3.40E-12 1.00E-06
7.48E-05 2.00E+00 1.84E-11 2.00E-06
1.92E-04 4.00E+00 3.73E-11 4.00E-06
2.01E-04 6.00E+00 431E-11 6.00E-06
1.93E-04 8.00E+00 4.47E-11 8.00E-06
1.90E-04 1.00E+01 3.99E-11 1.00E-05
1.02E-04 1.10E+01 2.54E-10 2.00E-05
9.69E-05 1.20E+01 5.99E-10 4.00E-05
1.20E-04 1.30E+01 6.51E-10 6.00E-05
1.02E-04 1.40E+01 6.33E-10 8.00E-05
7.93E-05 1.50E+01 6.91E-10 1.00E-04
1.03E-04 1.60E+01 3.82E-09 2.00E-04
7.38E-05 1.70E+01 8.94E-09 4.00E-04
1.19E-04 1.80E+01 1.01E-08 6.00E-04
2.21E-04 1.90E+01 9.51E-09 8.00E-04
1.77E-02 2.00E+01 9.47E-09 1.00E-03
1.96E-02 € 5.77E-08 2.00E-03

1.26E-07 4.00E-03



Sl 551 5l remy 839900 Sy sl 23 Loy Sl el sy polie G 50 5 9,90 Sloy ol el Jlake S
Ded g0 gy (GBS jsb 42 Jouz Gl cm e glo (5558

S959 Aotz jlond JuS (609,38 6la (950 (551 5l (sremwg el (1 diged A5 8L S 10 (GY > ) (23> slaje polie =2 Jguar

PR RERE ST oo JuS (59559 (555
(GY) 55 com MeV cowe p dodinz
5.36E-04 1.00E-01
1.05E-03 2.00E-01
1.91E-03 4.00E-01
2.69E-03 6.00E-01
3.39E-03 8.00E-01
4.15E-03 1.00E+00
7.43E-03 2.00E+00
1.10E-02 4.00E+00
1.18E-02 4.50E+00
1.38E-02 6.00E+00
1.47E-02 7.50E+00
1.49E-02 8.00E-+00
1.79E-02 1.00E+01
1.85E-02 1.10E+01
1.97E-02 1.20E+01
1.99E-02 1.30E+01
2.08E-02 1.40E+01
2.16E-02 1.50E+01
2.18E-02 1.60E+01
2.21E-02 1.70E+01
2.21E-02 1.80E+01
2.26E-02 1.90E+01
2.32E-02 2.00E+01

Jos Gl 5k 090 50 9 0.541 Ci )] &04.551 3 6 MeV aniir 5l oas JeuS (9,595 (55,9 ;51 siges Hlgie a0 ol plio
LI I WIR Y PEP W 1607 Sloyd 8590 0,8 alggoly gl sl 0jee 380 2o Ll ley il 1 Gy sl
3L 9,90 30 e 5 B oad pumnds gl ails 160.7 &l 10 e lpeoly Jos Sluds slows 4 wilgs o (ylojy Do

b Jiie Jlem 4 glpgel) Joe ada 10 51 s 0Ly b o5 90 5 &8s yoka 1 Gy

S35 oz -4
o Ao (pl )0 Shigip 9 (Shp Soid 97 (osle 10 alFnoly 5 g s 5 (loys (b a4 axgi L
9 S92 5o lse Gl 9l e 5 Oleys (b sl pe Some Wiz e LLSL oy 0,5 L8R L ad
b Jos b C8F axl 0y (o0 0,05 LB oy 290 YL o LU Gl gl i)y Jes s 4 0 dyiy
9 e sl yebly &5 Wged S8l SG sl LS 990 (B35 n Gloy Gliee 4 OlF (o0 1330 Sy S g ey
O 9 9508 GrS ol el slo Sl @y (mogiyy 5l (LBU (SLAL5S ab s ls g 0 g el gl Jes o Sl

bl y 5 385 g 4z e gl iely Jee plxl o et o8 Ul (o0 o

12



&=l

1. Quimby EH, Cohen BS, Castro V, Meredith WJ. Calculation of tissue doses and data for the production of
isodose charts, using standard depth-dose tables. Radiology. 1956 May;66(5):667-85.

2. Mavroidis P, Ferreira BC, Lopes MD. Response - probability volume histograms and iso - probability of
response charts in treatment plan evaluation. Medical Physics. 2011 May;38(5):2382-97.

3. Lee C, Lodwick D, Hasenauer D, Williams JL, Lee C, Bolch WE. Hybrid computational phantoms of the male
and female newborn patient: NURBS-based whole-body models. Physics in Medicine & Biology. 2007 May
16;52(12):3309.

4. Toney-Butler TJ, Nicolas S, Wilcox L. Dose Calculation Ratio and Proportion Method.

5. Antony MM, Barlow DH, editors. Handbook of assessment and treatment planning for psychological
disorders. Guilford press; 2011 Oct 20.

6. Nair CK, Parida DK, Nomura T. Radioprotectors in radiotherapy. Journal of radiation research.
2001;42(1):21-37.

7. Khan FM, Sperduto PW, Gibbons JP. Khan's Treatment Planning in Radiation Oncology:. Lippincott
Williams & Wilkins; 2021 Sep 17.

8. Shalek RJ, Stovall MA. The calculation of isodose distributions in interstitial implantations by a computer.
Radiology. 1961 Jan;76(1):119-20.

9. Grissom MP. Radiation protection and dosimetry: an introduction to health physics.

10. Dane B, O’Donnell T, Liu S, Vega E, Mohammed S, Singh V, Kapoor A, Megibow A. Radiation dose
reduction, improved isocenter accuracy and CT scan time savings with automatic patient positioning by a 3D
camera. European journal of radiology. 2021 Mar 1;136:109537.

11. Paddick I, Lippitz B. A simple dose gradient measurement tool to complement the conformity index. Journal
of neurosurgery. 2006 Dec 1;105(Supplement):194-201.

12. Urie MM, Goitein M, Doppke K, Kutcher JG, LoSasso T, Mohan R, Munzenrider JE, Sontag M, Wong JW.
The role of uncertainty analysis in treatment planning. International Journal of Radiation Oncology* Biology*
Physics. 1991 May 15;21(1):91-107.

13. Malatesta T, Landoni V, Delle Canne S, Bufacchi A, Marmiroli L, Caspiani O, Bonanni A, Tortoreto F,
Leone MV, Capparella R, Fragomeni R. Dosimetric, mechanical, and geometric verification of conformal
dynamic arc treatment. Journal of Applied Clinical Medical Physics. 2003 Jun;4(3):195-203.

14. Verhey LJ. Immobilizing and positioning patients for radiotherapy. InSeminars in radiation oncology 1995
Apr 1 (Vol. 5, No. 2, pp. 100-114). WB Saunders.

15. Chen YJ, Chen MB, Liu AJ, Sanchez J, Tsai P, Liu A. Dosimetric Coverage of the External Anal Sphincter
by 3 - Dimensional Conformal Fields in Rectal Cancer Patients Receiving Neoadjuvant Chemoradiation:

Implications for the Concept of Sphincter - Preserving Radiation Therapy. BioMed Research International.
2014;2014(1):578243.

16. Zou W, Dong L, Teo BK. Current state of image guidance in radiation oncology: implications for PTV
margin expansion and adaptive therapy. InSeminars in radiation oncology 2018 Jul 1 (Vol. 28, No. 3, pp. 238-
247). WB Saunders.

17. Donaldson SS. Ewing sarcoma: radiation dose and target volume. Pediatric blood & cancer. 2004
May;42(5):471-6.

13



18. Antolak JA, Rosen II. Planning target volumes for radiotherapy: how much margin is needed?. International
Journal of Radiation Oncology* Biology* Physics. 1999 Jul 15;44(5):1165-70.

19. Engelsman M, Kooy HM. Target volume dose considerations in proton beam treatment planning for lung
tumors. Medical physics. 2005 Dec;32(12):3549-57.

20. Haie-Meder C, Pétter R, Van Limbergen E, Briot E, De Brabandere M, Dimopoulos J, Dumas I, Hellebust
TP, Kirisits C, Lang S, Muschitz S. Recommendations from Gynaecological (GYN) GEC-ESTRO Working
Group¥¥(I): concepts and terms in 3D image based 3D treatment planning in cervix cancer brachytherapy with
emphasis on MRI assessment of GTV and CTV. Radiotherapy and oncology. 2005 Mar 1;74(3):235-45.

21. Grégoire V, Evans M, Le QT, Bourhis J, Budach V, Chen A, Eisbruch A, Feng M, Giralt J, Gupta T, Hamoir
M. Delineation of the primary tumour clinical target volumes (ctv-p) in laryngeal, hypopharyngeal,
oropharyngeal and oral cavity squamous cell carcinoma: Airo, caca, dahanca, eortc, georce, gortec, hknpcsg,
hncig, iag-kht, lprhht, ncic ctg, ncri, nrg oncology, phns, sbrt, somera, sro, sshno, trog consensus guidelines.
Radiotherapy and Oncology. 2018 Jan 1;126(1):3-24.

22. Kaprin AD, Mardinsky YS. Therapeutic radiology: national guidelines. Kaprin AD, Mardynsky US-
Publishing house: GEOTAR-Media. 2018.

23. Liu W, Frank SJ, Li X, Li Y, Zhu RX, Mohan R. PTV - based IMPT optimization incorporating planning
risk volumes vs robust optimization. Medical physics. 2013 Feb;40(2):021709.

24. Kramer R, Khoury HJ, Vieira JW, Loureiro EC, Lima VJ, Lima FR, Hoff G. All about FAX: a Female Adult
voXel phantom for Monte Carlo calculation in radiation protection dosimetry. Physics in Medicine & Biology.
2004 Nov 10;49(23):5203.

25. Zukauskaite R, Kristensen MH, Eriksen JG, Johansen J, Samsge E, Johnsen L, Lenkvist CK, Grau C, Hansen
CR. Comparison of 3-year local control using DAHANCA radiotherapy guidelines before and after
implementation of five millimetres geometrical GTV to high-dose CTV margin. Radiotherapy and Oncology.
2024 Jul 1;196:110284.

26. Stroom JC, Heijmen BJ. Limitations of the planning organ at risk volume (PRV) concept. International
Journal of Radiation Oncology* Biology* Physics. 2006 Sep 1;66(1):279-86.

27. Hysing LB, Kvinnsland Y, Lord H, Muren LP. Planning organ at risk volume margins for organ motion of
the intestine. Radiotherapy and oncology. 2006 Sep 1;80(3):349-54.

28. Blonigen BJ, Steinmetz RD, Levin L, Lamba MA, Warnick RE, Breneman JC. Irradiated volume as a
predictor of brain radionecrosis after linear accelerator stereotactic radiosurgery. International Journal of
Radiation Oncology* Biology* Physics. 2010 Jul 15;77(4):996-1001.

29. Chen J, Hu Z, Tong J, Zhou B, Zhang R, Zhao C, Xu J, nian Fu S, Liang T. Study of BNCT neutronics
optimization for out-of-beam dosimetry based on radiobiological figures of merit. Nuclear Instruments and
Methods in Physics Research Section B: Beam Interactions with Materials and Atoms. 2021 Dec 1;508:1-9.

30. Lin L, Dou Q, Jin YM, Zhou GQ, Tang YQ, Chen WL, Su BA, Liu F, Tao CJ, Jiang N, Li JY. Deep learning
for automated contouring of primary tumor volumes by MRI for nasopharyngeal carcinoma. Radiology. 2019
Jun;291(3):677-86.

31. Drzymala RE, Mohan R, Brewster L, Chu J, Goitein M, Harms W, Urie M. Dose-volume histograms.
International Journal of Radiation Oncology* Biology* Physics. 1991 May 15;21(1):71-8.

32. Rajon DA, Jokisch DW, Patton PW, Shah AP, Bolch WE. Voxel size effects in three - dimensional nuclear
magnetic resonance microscopy performed for trabecular bone dosimetry. Medical physics. 2000
Nov;27(11):2624-35.

33. Okano T, Harata Y, Sugihara Y, Sakaino R, Tsuchida R, Iwai K, Seki K, Araki K. Absorbed and effective

doses from cone beam volumetric imaging for implant planning. Dentomaxillofacial Radiology. 2009 Feb
1;38(2):79-85.

14



34. Honda O, Yanagawa M, Hata A, Kikuchi N, Miyata T, Tsukagoshi S, Uranishi A, Tomiyama N. Influence of
gantry rotation time and scan mode on image quality in ultra-high-resolution CT system. European Journal of
Radiology. 2018 Jun 1;103:71-5.

35. Fischer H, Polikarpov I, Craievich AF. Average protein density is a molecular - weight - dependent
function. Protein Science. 2004 Oct;13(10):2825-8.

36. Otte JW, Merrick MA, Ingersoll CD, Cordova ML. Subcutaneous adipose tissue thickness alters cooling time
during cryotherapy. Archives of physical medicine and rehabilitation. 2002 Nov 1;83(11):1501-5.

37. Richmond CR. ICRP report of the task group on reference man. Int. J. Appl. Radiat. Isot.;(United Kingdom).
1985 May 1;36(5).

38. Hankins DE. New methods of neutron dose rate evaluation. Los Alamos Scientific Lab., N. Mex.; 1962 Jan
1.

39. Fisher Jr HL, Snyder WS. Distribution of dose in the body from a source of gamma rays distributed
uniformly in an organ. InProceedings of the First International Congress of Radiation Protection 1968 Jan 1 (pp.
1473-1486). Pergamon.

40. Fisher Jr HL. Variation of dose delivered by”< 137> Cs as a function of body size from infancy to adulthood.
ORNL-4007. 1966:221-8.

41. Tang Y, Liu S, Deng Y, Zhang Y, Yin L, Zheng W. An improved method for soft tissue modeling.
Biomedical signal processing and control. 2021 Mar 1;65:102367.

42. Arnold N, Scott J, Bush TR. A review of the characterizations of soft tissues used in human body modeling:
scope, limitations, and the path forward. Journal of Tissue Viability. 2023 May 1;32(2):286-304.

43. Doroud K, Williams MC. A new approach for improved time and position measurements for TOF-PET:
Time-stamping of the photo-electrons using analogue SiPMs. Nuclear Instruments and Methods in Physics
Research Section A: Accelerators, Spectrometers, Detectors and Associated Equipment. 2017 Mar 21;849:16-9.

44. Brodar V. Observations on skin thickness and subcutaneous tissue in man. Zeitschrift fiir Morphologie und
Anthropologie. 1960 Apr 1(H. 3):386-95.

45. Kramer R, Cassola VF, Khoury HJ, Vieira JW, de Melo Lima VJ, Brown KR. FASH and MASH: female and
male adult human phantoms based on polygon mesh surfaces: II. Dosimetric calculations. Physics in medicine &
biology. 2009 Dec 10;55(1):163.

46. Chen HH, Kuo MT. Improving radiotherapy in cancer treatment: Promises and challenges. Oncotarget. 2017
Sep 9;8(37):62742.

47. Zaidi H, Xu XG. Computational anthropomorphic models of the human anatomy: the path to realistic Monte
Carlo modeling in radiological sciences. Annu. Rev. Biomed. Eng.. 2007 Aug 15;9(1):471-500.

48. Goorley JT, Kiger Iii WS, Zamenhof RG. Reference dosimetry calculations for neutron capture therapy with
comparison of analytical and voxel models. Medical Physics. 2002 Feb;29(2):145-56.

49. Shirazi SA. The assessment of radioisotopes and radiomedicines in the MNSR reactor of Isfahan and
obtaining the burnup by applying the obtained information. In2012 Asia-Pacific Power and Energy Engineering
Conference 2012 Mar 27 (pp. 1-4). IEEE.

50. Nair CK, Parida DK, Nomura T. Radioprotectors in radiotherapy. Journal of radiation research.
2001;42(1):21-37.

51. Kurz C, Buizza G, Landry G, Kamp F, Rabe M, Paganelli C, Baroni G, Reiner M, Keall PJ, van den Berg

CA, Riboldi M. Medical physics challenges in clinical MR-guided radiotherapy. Radiation Oncology. 2020
Dec;15:1-6.

15



