[ Downloaded from tumj.tums.ac.ir on 2026-06-15 ]

o) lio SEY L ETE polotain V o ylast VA 5550 NPT o (5 log (oS0 o sl oS8l 1 Sty uSiily alae I l ”VI l

Silgom e (S oolS Awsid ;3 (a pled (Fgigd (MDY p ST 0 95 &3 FBIPSe (2bj)!
Clinac 2100C/D Juao U,y s sadsolins 5l ealiw! b

WAV SUT TRAAV/TE s AR s TR /TY sl s o.).&
ST s Sl i Ol bogos o5 ol (S5 (Total body irradiation, TBI) 0 ples (4 icide 5 4
S50 TBL sl lin (o) (5lmosly 5 (3 yae asdllas (nl 5 Ba o3 5 on ealinal Ol gl oo sy 612 Dlo
Al O eplel Dlilany 53 DLl 4l ¢ 550

S szl 53 TBI S5 (gslwesly Coia L ATAY OLT B AYAT g 51 598 oo anlllas Sy w gy
p536 53 s TBL Ll 53 553 Sl 5 Ldee 53 pslie shin p s 235 s 06 mastplol Ol slay
533 sldie 5, 8s3100 ¢l » (EBT; Gafchromic™ film) EBT; Koy S5 slapds 5l s SSeslul (Kan
Loy ol = i il ald avts 5 OL) 4 “;ju B0 A eslinal ol il 5 5o s
o e ealized lagy ; cbli~ (5l (Cerrobend blocks) oy g s SLaS 5Ll b VAMY. 55558 sl 55
b (5S35 ms s I ESG elis SR glagds BAHEN

5ok acsbus 335 Olee Dol .38 13 N VAY B =7V /0 essdoes 5 53 5 SIS el
SO 3l eslanal b i85 md 5s 4y Blos 553 s s LYY Ll 53 e aal 5o el (5 Sl
Al el o 8 Bl VIONA L Ll sy

Coes bl s TV g BB esgdoes 55 555 15K 4 0k BB ST 5 0kl sl S g S amt
SeSS ol ol Eals Cgllae a U gy Al Sl eslinal b oagy 595 5lde 0 CEU I3 BB essde 53 553
S5 ool sty i G M sy (552553 GLCGESS 4 (53 45 Sl 0,0 1 050 5 03l LB,

AL e ‘;;:.o‘-(bl Oliboy 53 (55lwesly sl 5 p\? Lyl s ghls sl 5 xe

O plad (a1l (s Re 33 b o (S gblS olals”

s S5 onl plal oyt bl Olpaad ke gy
L SR Sl e Ol sl Ypeme Gloys s
il GcGSS LAl s sl e Ky ol
Wl 33 4 paie (§eies G by DI TBI s e
St 3 353 dsloms (51 olital 3550 slaesls Sinl Ul

ol 51 OIS e s AT e st skl kol 5 55 Oleys b

Az & GB35 e el
Aan  Gleil dge 5 1S

v N

S

oSl ¢ Ky jeneliga 5 G4 09,5
s Ol Sy psle ol (S
Ol

‘J‘,.»,au/gl:.,gl«:gcw S grid/ =T
Ol Sl s Sy p sl oKL
b 5 ke Sl Sl S T
Sy I‘)Lc S ‘_4,;1.4;/,,}@ olSCin g 1
Ol Ol e

*
Ol (S pske o8Bl Ol i s 0l 5
Sy s 5 g 0,8 Sy el
O =TUENIAT il

E-mail: gh-geraily@sina.tums.ac.ir

PRV

sl » L (Total Body Irradiation, TBI) o fLA} o=t
BE) S ol é_.u_‘).zﬁb\_) ""\‘:’-:‘:"., L;L'Qu:"}) )l é )"Ujb//\.a u_»‘,;"}_e
sladshe o 55 Gl Ogr il w53 oL SToe 51 gsls

Sy il SRl sk Dlasy sl e OS5 5508

FEI G FPE LY o)lass VA 0,00 DP9 o a3 oer oK ol olCils o K55 oaSiils aloo


https://tumj.tums.ac.ir/article-1-10663-fa.html

[ Downloaded from tumj.tums.ac.ir on 2026-06-15 ]

435 OLKas o S5 5 s plg]

S 355 e 593 &5 2 S S e sl el aS 5l (ool
Ol 1 5 o550 3 6y by b S 51 esliz
Al O 4y Sbli sl 5o awdkin 3 oDl bl o AL
j“ u;’l ny \:MM:.: )i"\id&"\ 4:>b L},«:l 6&5# B (:}A::.nliv\ﬂ Camnd
2.M>da ol gd= Bl (s sley 550 Jlez

Gilge Jlae il wld avdia L TBI (gleesly sl o dsl
A Sl b5 5,8 e 513 sslig] e s Jlew (AP/PA)
LB St Eel Wi e skiesl Ll sdie Ol ils
Nagd sl (BLo3 553 amelasl S 55 e s

S5 (S sk edelet Suxdae 3 Jlen Sl Fn o
S8 b L oKans a4 2 b el Ol
B ”‘.J}.:JJA Obeys (53050 Jlie u‘l> B asks s g g5
S Ol s Cleas (APPA) (g5l50 Jilie alt oI5 v
O RV CHER P o8 WJlsS amio by 53 04 L6
bl 5l eslazal b ules 6%1_\;1 Sl cblis ioman 5 o5
TNl 4l g awdia 31 esle Sl pl s o e

5 ol s SUal Cys st cdeny Ol s slinle
ol el Glesagin S Y (8 L pramen 5 (sl Bl
9 J&l}ﬁ BE L;)”mi)'j: Qm} Sl a.)\..':)l}.:;jﬁ;)u)' Lfi"j)
b 3l sk Ll TBI 0586 el Csl oS, slaolis
3 2l 2y TBL pbil gl o5 S, 5 LSS
a5 Ll s (Sl 4 cle Sl SO Ol
.>)|>J<:.,~; ds 90

S s el Cowdas S35 slaesls 51 Ols ad gyl
SF 2 olale a8 edliad Sl L gl pxr e Olsien S 0
S48 ux&)gm AK.L»:)} 347 90 .}a.:\rl E) Ul L WLSA .L:L
L?‘JL g,<.:..>/\3 L)'i‘ 6)‘.,\;\5‘) ‘5\]; g_,...uL..a A.;‘;}) gu;?u BE oslazal
S5 L S ol Sl eslatal caadllas cpl 51 s L lal
Jlie a8 awda L TBI Oboys g3luesly sl VA MV

A3 s (AP/PA) (55

IR U9

Sheslanad b asdlas 5l 53 TBI as 25U TBI a5, Lol 5

Tehran Univ Med J (TUMJ) 2020 October;78(7):434-41

http://tumj.tums.ac.ir

S SYsbh Slos dlbl s edes jsbay oS TBI gl aesls
5 eslizal 355 o plosil 351kl I

Eel TBI o Ysb Jlays alol 5 Ol S5 slal ¢35
Db skl Sl 4 s 5 (SaSly Bl s
ala 51 0Ll O JS TBI s Gus pon Sipl 4 4 5 b p s
St 535 Js sl Sl sde Jeld |y Ol e ples
5 dbsS amio sk 03 L6 s Lok IS @ clsse
Pl s e sl dlsle

TBI 3 555 24150 AAPM WY o)l 215 amy b
TBI 53w 81715,8 13 edd 5o 50 H/N+ eapdme 53 AL
Lol el O, 5 O ples 5 Olpial she JS Jold s oo
Srhm gFn Coeler uple 4 Cod 8 OBl pany
rl 3 el S Lapltil ek 4 s 0T oo el 5 5l
i3S s ]

s oml Ga Sl andls Loy bapllil ol o Sage ahor
e SO TBI 3 0f 5l cblis &5 Al o SB35 Joos wlia
Jims O pled LU ) sdane Vs o s b Cdl Sl
G TSP R TS I VTS S Ll G- E SN S PR EV S PR
Sl Sl S e a4 8V Sl i 53 b oS L
FoS S8 o e, (Bl 5 1 men 53 0 S
dal Jol sllas am 5 355 000 oSS Oleys anl 5 Al
L TBI (siluesly gl p s ol 3 o 53e L SSSS M0
S Chdle Jl e 53 5 CH B Do S0 s Sds
LSS ol fh 52 LIl s s 4y 050 el slaglll
(APPA- (g5lse Llis it Al JS w53 4 Olejs avdlin
Vs s5 e S (LAT-TBI) (55150 blie 4335 5 TBI)
LWl cumdse 5o slew s3lse Jlie ailrso Oleys amkin o
Sk gldsl ;s Els Slos L5 oy eld o sl
Sy gohs 255 Olles Ul e 3olilial Sl dol 4 s
Ol das e I3 A0 s ) Ol JSle amin 5 s ges
=t 5 sl VU Sl Ol vt ol 3 Jley Sl
Al e Sl Obeys e Jsb 5 Jley gl

oo oa Wl Ml VU B SS Gl e s, o)


https://tumj.tums.ac.ir/article-1-10663-fa.html

[ Downloaded from tumj.tums.ac.ir on 2026-06-15 ]

O e (e AT 0 a9 555 SR SIS 436

5 g ol b sl sV el e el (oSl
Ad b 5 b TBL Ll e 55 R Jase 53 506 350
5 sl s, i aw ) K55 edd wile TBI cus
(Y JS8) a3l e s slaaly

G Oss Jems 5 ol ToxTYO em? slal 4 0 S b i 3l e
Cabies & oM Sh amio ez 3l Ol o yls 1y Ve e kg
o2 ey TBIL 53 Sepl s a5 Ll 0 1825 Ve mm Slomis
25 3 Gl Sl sl S S8l 1) (e S0
ol 1) b ol (2 Sl ol 8l o B IS oSl i
4 Cadle 6 Y Casy g WIS WSl Clio () “.J;;S&
Gl S b s s A Y em b Aol Lo+ S
3 PR PV R e 3 51 LSS 4l S My S Sl Coa3 s
Pl e 4 3B (B p ) i e Sl oS Iz b~
S as pgzee bl 51 b o VW om N A a3 gl s S
Slay Says 8l U5 o TBI 5 ) s o5 sl S5
5,5 eslinal 5 adlr gy it el a5

LU TBI 3 4 oo 53 Jldie Ad 4§ o J;EM gy A
S0 el ey Sl il S g8V b Sl easdeee
et DLy dsb s s ladled Sl eslial 4, pd
S psba Slesliad bl (g p) gbakd el (6 anllae
g edd b5 B Cansy 3 miy S Ol 4l el S
S SIS s 5 A (33l bty il 5 ol glacidl S 500,
S s S sl kel s G Gl e s o 5

SRl S s 5 B (655 4, B8 sl JWEEN )
ol S (g5, balls JSS Compu-Cutter (g 5 gopelS
G G SN e 5 Al b S (Il o sate
QLY IS 05 o gladls sl S astle ) om cwlis
sl 0 0313

25l a3 e (6,863l (gl EBT; Wb O el IS
V.l:é Slasls 5l ag edd Lesie xiy 8 b IS e
GAessd Glp ok Sl eslinad S esliz.) EBTs Sy S8
El o el ol T e S5t (g3 date gLl (sl
e R R e S R

l‘)L;_Y."Pf)'j)\)l.’di&jﬁlﬁjlﬁrﬂuduQYQL‘:ﬂ)éLf}lJ@‘)

Je Ol sdmsli 3 oK s VAMV Sy 545 (g5,
4> (Varian Clinac2100C/D linear accelerator, Avanta, USA)
oilusl =t vxgs cm? SSD=Y\Y cm s eerelal Ol Lo
ol s 80 5 lad S a5 a4 (B wsls Ol
A

war s b ol O o 53 S o sle Hlde G935 s S
A il 5 alai

_ Dx100
DRTBI

el B Ol a3 el S 50 SR D dlasly ol s &S
268 535555 03 ai e 53 TBL 2Jbsjlse xin 55 JS, b«
VE LAY e Sl JS 55 easde ke ol 2S5 s
o35 ol 03 S TBI Jloys w3, o idsens 53503 )13 g 5
WY Gus s ahal) GU ayodd o IS 550 slde S 2] 50
2 RS e b IS8 R b Ol S ol e 68
33 GAS A A 53 55 slMde 5 e e Sy ) ae by 5as
Voo by el L3 Dl el S L e oS
Ll s 5 3 Kl luis DRTsr .S w S b o S sl
2 e M plale Aalie 553 i Ges 5o 5 TBI
G Gl A (Sl s Dpson TBI Ll 2
Gos 5 e 533 5l ol oY Il TBI Loyl s 555 Sal
Gos 55 35 B b pd (Sl NI TBI Lyl s 55 e Sbe 550
Gl "t e s TBI Ll 5 55 33 555 Sl ooy Sbe 550
JES Y em cubis @ sl o5l Y Y s 550 S Sl
Ao a4y o (5 2 Sl e 4kl s TBI covi (55, S
sl 4 pml S LS el SRl S ksl
Yoem Gl i sbaGes 53 3 ldde s antle £V em?
LooVoem 3l S ages 53 55 Jldis 5 v/ ce oyl e b
Ll i cos as il el csts Sl (Gl g0 amio e
A5 el A MY (6551 L S5 sla i L (TBI
st Bl s TBI Oleys «Sl w ax g5 L TBI e
5 Slass ahols Lol Gua U TBI iloys <5 55505 ol
30558 Camdgn (Al S s 05 Ol S L O iy
s Ol i dgb s sl 5 sl 055 b Gles

FED G FFE LY o)locs VA 0,50 D199 o o5 ogr s pple olCily o Ky 0aCiils alono


https://tumj.tums.ac.ir/article-1-10663-fa.html

[ Downloaded from tumj.tums.ac.ir on 2026-06-15 ]

437 OlSas 5 il6,5 I3 e ple)

Sh 5 S5l Blie Sl awkia b OLII b 086 A3 BG Y IS

TBI ciu (5l

Ol 53 8 6b s 53 oSty Jlo o s 5 A 3 03 S
b M E (Sl b Ble 5 gl Ol ey s phens
Sl YAV Aol s 5 TBI o5 (g9, psl (o A
4 Caadse 53 ksl 4 Cond Sl 5 S e & S
S o osmn 8 b aaedsn JSS 4 el 28 515 Sy
Sl ey cblis e 54 C;‘} U slazel Hy 5 axas
225 Ghigl) @55 o)l 05 S35 00 sl ol 5555 3L s
s ez ey 63 gde
G o5 el S M5 5L S TBL Lyl e as A0
o5l I3 s 5L (AP) Sy S5l S50 5 n Ol
(PA) 55 w5 13 s Gskey S0 5 25 Ol 4 iy
lapksd (a3 b aul 3 3l oy cele $A (Y JS) A2 el
Lol (Sl anmls 5o 5 s 3JUT Imaged Sl 5 L 5 Sl
o 353 Jlie (L 0l IS oie SS L e ot
3 OU 53 g 4l &S ) 4 a5l el Cosas 4B e o
25l el by dal opl 4 Sl 5 mi s SIS

TS s

Hom% Dpoint - Dumbilicus
h = —m
Dumbilicus

BEL Dumbilicus o oS abais BEL Dpoint GYL' 4.]@‘) B

BEE C“)‘}: Lé}‘)& %Hom Kl =y da.a DL ol C,.}L_{)b

Vst

Al e

Tehran Univ Med J (TUMJ) 2020 October,;78(7):434-41

http://tumj.tums.ac.ir

G20 SLSN paas N SS

oy sy Sl gy, cpl S (6, Se Il s L) o4
AV e in? sl b Sy SO slapkd YWY das e 5 L
0x0 om® Slakd 55 Lapld (bl IS ) skiten AEL e 2525
Yoo Yoo Nor Ner (00 5 C}.Ja.w bbaadd il eols 5
Sl B8 3 A6 cod TBE Ll o 5 6 8 8l Yoo
sl 5 ghataas Wb oty ST emp 5l G 1 A G
Sl @ sl 5 old axdad a5 il el 28y Sl Y
s 8 3 Yom

dmage] il 5 b 5 Sl ks ¢ a3 5 T 51 oy ol £A
National Institutes of Health and the Labaratory for Optical and )
Computational Instrumention (LOCI, University of Wisconsin, USA)
A tales Lol Sl anadls Sltis 5 L LT

Vo b i slajss e3sdoe 3 EBTs old uly o 20T 5
Lok 50T 5, 0nll el gy Comlo ol 303 JUS U3 6,8
L3S g a8 JUS s

ﬁ)ﬂ‘ s Dfit=b.net OD+c.net OD* &b ol eslaal b s
)\)élpj B (,lzs el ;8 s Levenberg-Marquardt
(MATLAB softwer, (Apple Hill Campus, Massachusetts, _Jze
" el Cwsay USA)

Oloys awkin 5o 0Ll 4 2 3B L 550 eSS s
V.Lge sl Osls 513 L TBL STy pder 595 ,l4as :AP/PA
s p b sbaa¥ Olee 53 Yom 5 s 4 EBTs Sy S
OIS Ol g A 3 s Jols Oy ilie aladl ol 3 OL


https://tumj.tums.ac.ir/article-1-10663-fa.html

[ Downloaded from tumj.tums.ac.ir on 2026-06-15 ]

O e (e AT 0 a9 555 SR SIS 438

S Sl asliad b &S ol 0 a3ls s 355 Jde D alaly ool o
Ol WS g ¥ IS5 T o sty (OD) (s (Sl asdls
Tl 3 edd 05l (IS Sl s el wiS gy b |y ks
o O S5 o s o DL VA MV 055 Lol S350
ol sy +/444 ArRY o

o) p3lie gowa b JSE 550 s SIS Ol oo
Lakat e sl Gl 5 Gle Gas 2 550 35 SIS
A e ol

G =/ essdoms 53 15K 558 e sdslie aSOloman
B3 b e s G Olpe amen 3L e +/)V/AY
AL YTl e e dai Ol gieay SU 5 S

b sl cdsa 4y 4l o (eSS ke e 0l 2
o 55 Jldie el 0l )l Bl L b 0T d sl
5SS NWVIOT Ll 283 Sy (b g SO 5 4

AT Lgﬁg;.’-bVo'\/\A,,\,, DS A s

Sou

3

Ls 3 h sl (SoUT w55 51 e i G Ol gea TBI
Ul e s L S e 5l (ol 3 Ol il she

530k pled G858 b ST (ghluesly e L aallles
$2los s e tals Jb&::«):JQLMi\A..Jf}:.}B 35 593
@rbu‘dﬂ&&o)}.bmhlﬁk:)

(o)) swotelel Oliebes 5o TBI Obeys (¢l AP/PA IS5
Y4 ool SOl Ly edd auS bawos L glae Ol
sl (51580 SSD s Sl ol S e Gl 2 LA rl?;.vl AAPM
..L.icb‘.ilw\TBlf‘}Mgbjbglnéﬁ&j\&))w\):

333 s gl w el e 5 Ole sl Ao
4 L5 e Dl ol el sty LYY Ll el (6 Sl
ﬁAMJAWJ)b}j}b@IJ\MSMQ&Gw\
ui&.hbh:’hﬂ&idlﬁmdlMr)ﬂu}dhhﬁ.’hﬂlﬂ‘u\&d;b)lx\

Ses bl blasl . Ozl 5 p 3 glacsl Cl;;\)'lji_.’;zo

laasl

s rhce el STGUI L s 53 5 Sesll s sme
S A plil ks S5 gy b Gille (Slse amio U
Ll g VAMV las s ol Gl Gas (ias 35 (5,5l
Al Cewses Y/Y em

daily 3 edal Cowsay od O gl IS Wslae 1dd O gl IS

(] 0 05l U:":L“" 2

D = (2916 x OD*1#1) + (—1412 x OD)

dose

L TBI Lyf,d cov EBTs Koy SSE (b Ol S e ¥ IS

VAMV slad g 4

30.00

0,00

=
=
-
-
—e—
—e—

30838 S sy
3 =2
=
o
L]
-

-20.00

=30.00

sy ‘;‘l:.a RO ST ERYT @)*’3 ";,l‘,& Loy palis s it J§.2
3,lkul OB 2l pslie g AP/PA awdia ;3 \AMV (sl 55 43

FED G FFE LY o)locs VA 0,50 D199 o o5 ogr s pple olCily o Ky 0aCiils alono


https://tumj.tums.ac.ir/article-1-10663-fa.html

[ Downloaded from tumj.tums.ac.ir on 2026-06-15 ]

439 OLKas o S5 5 s plg]

S R DMde G Sl b 0L Gl e s e
e 53 e Gl 4 e oS ol Lagily s Ol el 3L
Ol 5 5 el 53 2 52 2500 | Ol 4 Sl il ] 2
255 S a3 i S s sl S )

Gl ool Cowsay JS 553 mss Sepl s Loulg 5o
ol 4 G (W s o by 5 @) o 50l s LG
Wl 4 S LB AVVAY B =/0/0) esgdoes 53 (QU) 553 3 g2
593 EN v easdeee 53 0 blE ST 55 ja0 ot g S8 Ol e
2003 1R G5 S

53 0 es 5 Ya0 .ol Jgd LB sdal sty 4z 55001 5
Spt Slp Fn s Dpmlad S 8 R S TAY L
53 33 eSS 5 5 S eslina APPA andia 3 3 1S
awdin 53 e b Sl 51 Lu fs sl st L /) ¢ 6350
#1855 S eslimad 15 s sl AP/PA
RESTIROWEE

Yao 5 Lu gl b asdlas ool 3 odal sty 50 slia
53 TBI SUSS gl o ool oy Jbmpl Ll o GBS 5o
Sl S oalinal ps 5 atas (5551 e 5 1G58 asllles
Lu 5Yao aslee b eslinul 3500 2esjes 5 Sloys ol i
4 Bl 593 e das e OLAS S sS asllls C,L..w\ slae
AL e WA Gy b ol 38 3 25 IS 5 ald sl O
GV Ll Sls S G, Sl s A= 3l lds ol
Soald s a (Bl s S el iy b s
2 8 Sl S BLTVIOY L ol 555 a6l
S YOWIA Sl 2S5 5 53 e 53 gseme
clasl ay a 8L 3 ke & Cslis Ol ol Sl e
s e Gl etnl 53 1) (ol 350 Jlxml 45 Sl S (5 8
Gy S s e 4l L 50 @ 4 50 Rl 6l
Sl w Ulge JShe il Sl S Gl s els LS
DS A L 5o LS Oleys gla A58 el s 4y Al Sl eslind
Srei mB e e b dde ea @S eslital 4, s
2SN S W) Oleys IS b SBL 8L ,s o3 Sldie 5 4
shas 5 ssd eslad s 5E Wl &8 Slais 5SS
553 o el Cewsay 38 eslinal e 5 L oS placiS

Tehran Univ Med J (TUMJ) 2020 October;78(7):434-41

http://tumj.tums.ac.ir

GA NN Ll GU e Glays (885 (23 5 e S
b8 5 E0) Jsd LB 5 sl sagdoe y5 Jlis ol 3y
3TAMV o gss gl by 55 b oo Hlie OLSes 5 Lu
S b oS Wl Cewsw YAV Ll AP/PA andis s
S d ol b e alie LB adlas ) s edal s
Sl ) eslizal 5156 Olgie | L asllae 53 Coms O3
O ekl b s mis eSS SRy (g5 andllae s
2l s el s w Sy SIS s S 53 el Ol
el gl 5 Ll ot s lad £ S o
Rt Cald Ll 5055 5 e (8 00 s mis SIS
Ul ol 03 s @S GFIES R Sl S Ok s
Sl 05 sl s Ol ol s cnd Sde s
LSl 5Ll oS 5w 5 posas 4 0 gacand
s 03 SRS A3 AS S lsen Zld s s e e
5SS plas [ hee oS OLsly e sdasolid olSans
slos dol Gl Ve em Ges o 5 ates Jpd LG Golpen
s sk 53 5 eS GaGes 53 A )il el i Ve om
gty Sl opl 6 258 0 ) e Slses Sl Sl Ol (g S
oo L 5 ol TBI plis 355 o edaliin o500 L5 00 2L
it ol s Bl Bl 5 035 G im0 S lacans
G 5ed e LI Eel (oS sl Calis clea b Bl s
355 4 Camd adr 533 Ol Ol (5l s sl 5 s s e
osbizad b 1y Ol ol Ol 5o Jlmcpl b oo 300 Sl (53 920
355 @5 S s Wl i @ wb s ol s ols Sl S
333 SMde 4 ol oo 33 Me (S b s iy S |
i B s g bl ol ey S G0
52 0l Gl glacans s (oS s (5 Ol [y
Sy S o alas s il el 4 el 4 b
4 Sl cn S 30l e il epl 03 555 s Gl 25
S 1) (Gt 355 Sl L Ol a3 85 SUS ST st
OF e oS comul 035 bl s G sdid g pm0 5 Ll
333 sl el (S 4l Lod Cand ) eSSl s 0
S a5 e Ll el i GG 5 la gl ol

o8 s b el ) cde el Oy 4l 5l gz


https://tumj.tums.ac.ir/article-1-10663-fa.html

[ Downloaded from tumj.tums.ac.ir on 2026-06-15 ]

Hoseinnezhad Zarghani E., et al. 440

Glr Ol 1y odd bome ST coal sty il 4y 4z 5 L

(:)'Y YRS SO o seeaplel Ol ley 53 TBI Olejs (g5luesly
b hles s 2 W s Gl Sose s el Sha
SRS s s GOl SS o e plalnl el
53,5 e e e
i S b s e il
Lok JS G5s Sl 2 5 S Gole e Olss
Ul:« s g L;);AijJAV_Lcé} b skasold 5l eslizad
L oS A3l e QT Yo oFIYAR S 0¥ L s 0lg S

Ll Ol Glos il Sleas 5 (S5 ple oKl Colax

RGP
References

1. Dyk J, Galvin JM, Glasgow GP, Podgorsak EB. The Physical
Aspects of Total and Half Body Photon Irradiation.published for
the American Association of Physicists in Medicine by the
American institute of Physics, AAPM report 1986;17:22-4.

2. Cao N, Ford EC, Nyflot MJ, Ermoian RP, Pelly NW, Young L, et
al. TBI technique improvements for anesthetized pediatric patients
based on near-miss incident reporting. Int J Med Phys Clin Eng
Radiat Oncol 2016;5(04):270.

3. Allahverdi M, Geraily G, Esfehani M, Sharafi A, Haddad P,
Shirazi A. Dosimetry and verification of 60Co total body
irradiation with human phantom and semiconductor diodes. J Med
Phys India 2007;32(4):169.

4. Yao R, Bernard D, Turian J, Abrams RA, Sensakovic W, Fung
HC, et al. A simplified technique for delivering total body
irradiation (TBI) with improved dose homogeneity. Med Phys
2012;39(4):2239-48.

5. Mekdash H, Shahine B, Jalbout W, Chehab C, Khalek HA,
Youssef B. A simple technique for an accurate shielding of the
lungs during total body irradiation. Tech Innov Patient Support
Radiat Oncol 2017;3:13-8.

6. Kawa-Iwanicka A, Lobodziec W, Dybek M, Nenko D, Iwanicki T. Dose
distribution homogeneity in two TBI techniques-Analysis of 208
iradiated patients conducted in Stanislaw Leszczynski Memorial
Hospital, Katowice. Rep Pract Oncol Radiother 2012;17(6):367-75.

7. Chui C-S, Fontenla DP, Mullokandov E, Kapulsky A, Lo Y-C, Lo
C-J. Total body irradiation with an arc and a gravity-oriented
compensator. International Journal of Radiation Oncology Biology
Physics. 1997;39(5):1191-5.

8. Negoro Y, Nagata Y, Aoki T, Mizowaki T, Araki N, Takayama K,
et al. The effectiveness of an immobilization device in conformal
radiotherapy for lung tumor: reduction of respiratory tumor
movement and evaluation of the daily setup accuracy. Int J Radiat
Oncol Biolo Phys 2001;50(4):889-98.

9. Chavaudra J, Bridier A. Definition of volumes in external
radiotherapy: ICRU reports 50 and 62. Cancer Radiother J
2001;5(5):472-8.

10. Linares FM, Papanikolaou N, Esquivel C, Eng TY, Fuller CD,
Sosa M. Prescribed and measured dose differences for an AP-PA

Vs el Lu by iy cwemen Sl 5 eslind Lo,
eslinal A 5l 28 5 Sler 5o L el o3V Sl b il
Al S eslizal 4 (3l s 38 3 93 5 as b b o5 25
2SNV S S wla 5 pl e Ll s a

Ao/t IS 5a by amm ps il o5 clde 5l iy
Lol J5d LB &S 55 e Jeol 4 sl 6 S Sl
5 TBL S o ol S o 51 Sl sl sy ol
Froa) 0L ahl cde el 3 il bl A elS ands
3l S I3 BB s 3 50 m s IS w4 () Gle
Slod (RSB S S S 8 ol 5 A Sl eslial b e

ocr) 3l el g 1 ) (B3 3 e Ol P e s ol 5o

TBI protocol with compensation filter and ergonomic patient
support. J Med Imaging Radiat Sci 2017;48(3):301-6.

11. Chen H-H, Wu J, Chuang K-S, Lin J-F, Lee J-C, Lin J-C. Total
body irradiation with step translation and dynamic field matching.
Biomed Res Int 2013;2013.

12. Lu L, Filippi J, Patel A, Gupta N, Weldon M, Woollard J, et al. A
clinical dosimetry analysis of total body irradiation for leukemia
patients. Int J Med Phys Clin Eng Radiat Oncol 2014;2014

13. Baldwin Z. Commissioning of a new total body irradiation
protocol. 2012.

14. Hoseinnezhad E, Geraily G, Esfahani M, Farzin M, Gholami S.
Comparison of calculated and measured basic dosimetric
parameters for total body irradiation with 6-and 18-MV photon
beams. Journal of Radiotherapy in Practice.1-5.

15. Khan FM, Gibbons JP. Khan's the physics of radiation therapy:
Lippincott Williams & Wilkins; 2014..

16. Spunei M, Mihai M, Malaescu I. Experimental Results in
Percentage Depth Dose (PDD) Determination at The Extended
Distances. Rom Rep Phys 2014;66(1):157-65.

17. Najafi M, Geraily G, Shirazi A, Esfahani M, Teimouri J. Analysis
of Gafchromic EBT3 film calibration irradiated with gamma rays
from different systems: Gamma Knife and Cobalt-60 unit. Med
Dosim 2017;42(3):159-68.

18. Kalef-Ezra J, Karava K. Radiochromic film dosimetry: reflection
vs transmission scanning. Med Phys 2008;35(6Part1):2308-11.

19. Rossi E. Dosimetric characterization of GafChromic EBT3 films
in Volumetric Modulated Arc Therapy (VMAT) radiotherapy
treatments. Alma Mater Studiorum Universita di Bologna 2017.

20. Swangsilpa T, Kraiphibul P, Tangboonduangjit P, Tannanonta
C, Layangkul T, Rattanasuwan O. In vivo whole body
dosimetry measurement technique of total body irradiation: a
12-year retrospective study result from one institute in
Thailand. J Med Assoc Thai 2011;94(6):732.

21. Monzari SF, Geraily G, Salmanian S, Toolee H, Farzin M.
Fabrication of anthropomorphic phantoms for use in total body
irradiations studies. J Radiother Pract 2020;19(3):242-7.

22. Flower E. Comparison of two planning methods for heterogeneity
correction in planning total body irradiation. 2005.

FED G FFE LY o)locs VA 0,50 D199 o o5 ogr s pple olCily o Ky 0aCiils alono


https://tumj.tums.ac.ir/article-1-10663-fa.html

[ Downloaded from tumj.tums.ac.ir on 2026-06-15 ]

I [ ] ] v I l Tehran University Medical Journal, October 2020; Vol. 78, No.7: 434-441

Original Article

Evaluation of dose uniformity in total body irradiation (TBI) technique in
parallel-opposed anterior/posterior geometry using Varian Clinac 2100C/D

Elham Hoseinnezhad Zarghani
M.Sc.!

Ghazale Geraily M.D.""
Mahbod Esfahani M.Sc.?
Mostafa Farzin M.D.3

1- Department of Medical Physics
and Biomedical Engineering,
School of Medicine, Tehran
University of Medical Sciences,
Tehran, Iran.

2- Cancer Institute, Imam Khomeini
Hospital Complex, Tehran
University of Medical Sciences,
Tehran, Iran.

3- Brain and Spinal Cord Injury
Research Center, Neuroscience
Institute, Tehran University of
Medical Sciences, Tehran, Iran.

*Corresponding author: Department of
Medical Physics and Biomedical
Engineering, School of Medicine, Tehran
University of Medical Sciences, Tehran,
Iran.

Tel: +98-21-66466383

E-mail: gh-geraily@sina.tums.ac.ir

linear accelerator

Abstract Received: 15 Apr. 2020 Revised: 23 Apr. 2020  Accepted: 14 Oct. 2020  Available online: 21 Oct. 2020
Background: Total body irradiation (TBI) is a technique that is commonly used as a
part of the patient conditioning regimen before the bone marrow transplant (BMT). The
purpose of this study is to introduce and implement a reasonable TBI technique on the
human-like phantom in Imam Khomeini Hospital in Tehran.

Methods: The present experimental study was conducted from October 2016 to
November 2017 to implement the TBI technique at the Cancer Institute of Imam
Khomeini Hospital in Tehran. For this purpose, percentage depth dose, and dose rate
were measured in TBI condition (i.e. SSD=310 cm, field size=40x40 cm2, gantry
angle=90°, and collimator angle 45°) in homogeneous phantom. Gafchromic EBT3
films were used to measure the absorbed dose in different areas of the human like
phantom at the levels of head, neck, thyroid, lung, umbilicus, pelvic, thigh, knee and
leg. Phantom irradiation was performed in parallel opposed anterior-posterior geometry
using an 18MV photon beam produced by Varian 2100C/D. Cerrobend blocks were
used for lung protection. After analyzing the exposed films with Image J software, the
dose uniformity was calculated.

Results: Dose distribution uniformity was acquired in the order of -1.01% to +11.82%
relative to the prescribed dose at the umbilicus. The difference between the calculated
and measured dose at the umbilicus level was -2.73%. The radiation absorbed dose to
the lung with blocks was 127.53¢cGy in one fraction which resulted in 756.18¢cGy in six
fractions.

Conclusion: The implemented technique, obtained the acceptable £10% dose
uniformity in most of the body regions. The dosing accuracy was within the acceptable
range. The lungs’ dose was reduced to the desired level using lung shields. This
technique is a simple and cost-effective method that does not require complicated
dosimetric techniques. Regarding the obtained results, the proposed technique has the

necessary conditions for implementation in Imam Khomeini hospital in Tehran.
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