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Fig 1) Comparison of values of o and Do parameters cal-
culated using phenomenological and biophysical models
and published experimental data of hydrogen ion (21,
22), as a function of linear energy transfer

2 e 0Ll sy ISl 5 S shalas
sdel oz 43 035008 O D10 5@ sl Sl
Sladde plad b aslie 53 (6 305 Son Jdo Lo 5
AT ol b e il s bl
53 3L o V79 Il ony 5leslanal 5o el i
aglie b Slayje SOl sl CoeS cadal) (e
2L Ll e AT glaesls 5 Jke = o
o Sl e Sl gllas led SGS Je o S 5Bs
e 5l eslizal b edel s 4 /D10 ulob
imen 5 ARLLGT Slassls 56 mes0s S
sdie 5 Jle Ll Gl CaeS opl Sl

CAM‘ ol J"’)\jg \ d}.l}- BL ch.w)l.\Jﬁ.\i

Coge IS 3o pl 3 gl e sl S
(U:Jl_é)sSOBP o Solea sl » GATE
elital Gua o 4y S50 5 JUES G b 5l
1 SOBP axbl Job wallas ol 55 ool o
SFon Sin 3l lassazme S5 Ak o e s
5 o 5o DA LISE BT MeV o 5500
sl eslizd (YY) Bortfeld ij)) 58 4 e
sl g ab e (gilwand sl O3 sl ol
05l e ¥ ) Slwloes gllast S ol ol
053 Osdoo O gl Gl 9 5 sliad (g5luas ol
s dbe Sl olead gl s ke
Jde 55 el edd a5 S o e QGSP_BIC _EMY
5 LoslS s o Sanl gla isa ;. QGSP
EMY 5 bos o oliSt sl iSen, BIC
Loohd fes o mablaes S gla uSan
b sled sl 50 CUt-Off 5 S o (s3luans
old (Giluand pyul 2SS e e o))
YooxYoexfoo sl b Of L 5l 5 K8 S
53 e Ko oy L pla oS s 4 e i s
ol Slupedl SR S SoxS oS4z
L) LET o3 « Ly slaesls 5
sloml Calisee ol g ¢l (95 IS sbaal s,
ool b o3 8 o 5 LS baesl cnl 5o el
slalgal S5 aS,L0 GATE S8 cige U 5
52 S S5 i L ke YO plad L IS5
bl R S n Sl g s 0 ses gl

QOA) el

basl

3 oslizal U sl aciloes Dip 5 @ eyl Sliasiia

Jhe Loalie 0 bl glada

http://bpums.ac.ir


http://bpums.ac.ir/
http://dx.doi.org/10.61186/ismj.26.4.236
https://ismj.bpums.ac.ir/article-1-1859-fa.html

[ Downloaded from ismj.bpums.ac.ir on 2025-08-02 ]

[ DOI: 10.61186/ismj.26.4.236 |

YV 1 Sleual 8 05 (NI am 9 Nd S CaeS (e1505 Ke b)) OHs 5 50 &

Bl e 33 S b Je
S Wy polant] Sy e 4 AEELST s
e Ol S (l-Y) S5 53 e ol &S

—Wilkens

--Wedenberg

—-Carabe
—McNamara

|| —MKM

+ H-experiment

E(MeViu) ; EfMeV/u)
0.1 1 i ol 1 iy
wﬁa,\;wme)a,&bg@bwm(V‘}iﬁ

J.x.«}wl;;)\,\i.)% sbdde 5l oslital b S5 50 o 55
OF 5Y)) o pize AT slaesls b anolin 55 Sosdgn
RETRENINPY
Fig 2) Comparison of values of o and D1o parameters
calculated using phenomenological and biophysical
models and published experimental data of hydrogen
ion (21, 22), as a function of kinetic energy

Sladde o Slas o ke sl e oY Jgdr 5
5 AT Glaosls 500/ Do eyl acsles
T dsds a4 oarg Lol sl SIS S s
i Ol e Sl Gl S lde o S
e LUK Jde 5 (5 20335 500 sladde

RGPS W

Sl o 5Kl (sl Slwlous anglie (¥ Jpar
6551 5 mb o D10 5 @ sla el b laie
OJ9o9ep O g (siier

Sy il gl O S

RV . .
ty a J’""JL.', r“)b, UL“.’I‘
D1o
»S s Jbe YESY AVARED
S sy dde YA Y/AVYO
L8 Jus /Y ATA Y/YVA¥
LS Ja C/AVEY Y/YV¥
b - d.)m
o eg V/OLAY
S35 S

B DlO J:““‘)t:i M} Mbu o 4.5(‘)[5 JJA ‘)t.é)

=0 S8 5 n e G5 b

Sla o 5SSk sl Sllous 4yl (V Jgr
b QU151 b i 5 D10 5 @ sl el e

U39548 O 55!

J .’f’\:ﬁ 6&" u:g‘\?‘ 6&"
S &g - .
S
Do
3Ly Jke VY Y/¥FVA
S s dde )/ FAY Y/4+4A
bl Jue NinaaY Y/YVEA
1HLbs Jua +/YAq¥ Y/Y4¥.
7’"‘""“ " e
= J NATEA V/OFYV
S Fe2338 S

sl CoeS M FeS O sl 4 s L
Gl (3358 i Je 4 Slay e Sl
@Lﬁ L dbe ol re Olkil saasOlis oS osyls
by bl e Slsosisn s AL
oSNk gla CoaS JMEe St ) Jade
g podaline S sy 5 xSbs sladide js Sla e
2B 5 Jae ol Ol iy sbes o S
AL e sleysd s 5 dde Obe o f@bﬂ
Sl gl &8 Wbl sladae Ole
LLLS Jus (ool a8 551 3 eslazal 5550 @ j2el50
Obe 1 adl o ConS opl 5l (e o re LI
olie il sl (0 =) UK s S ladus
Dio syl pslae ol sus s Do jlyb
les 4 ) Je 3l eslazal b el acloes

el K35 LU s oslizal b sl
Olasie (oY) 5 (WY b K8 s
Sl ey e iloee Do 5 @ sla el
de Sler eolinal b O3 O e S35
ol o (6 aa 335 Sm ko b aglis 3 Wbl
L (YY 5YV) ol ime sl glaesls U
G oam g bl sl ool 0L VT Jslo os;
ol o5 S ol () ISE 5l 8S uls

aj.:.a\)\i. 4‘?“”\"“)> 3 JMASC,&)&)UGJ;‘

http://bpums.ac.ir


http://bpums.ac.ir/
http://dx.doi.org/10.61186/ismj.26.4.236
https://ismj.bpums.ac.ir/article-1-1859-fa.html

[ Downloaded from ismj.bpums.ac.ir on 2025-08-02 ]

[ DOI: 10.61186/ismj.26.4.236 |

VEOY OLT 5 ,ge /¥ TS RO

s J /Y¥Y

&

—=
oy 058 yaie Sz o ol cbd
() Wles S 1y anee s LET 5 S5dsm 33 o
o) LET & S5den 33 Sl die ol
G dde (B) po3 axss 5 (@) Jat sla el
oS 6l LET ConS 4 ST.OY 51Y) waas o
o Sl stk Ll Lol Al e ke S5 53
S5 LET ol dar 5l ool lalgs s
4 opd g edd Jate 5 Glr a |, a8, s
S glasr 0,8 o B 5 Sl D5ys pasie 4b
(Vo) sl bl LB g Sy S lide 5o L
S il S5 Sbepseie S LET nlnl
531 o3 855 o181 slaslay s, Sslas coals
35 Sl cpsgde nl (B 5 53 L s S e
S8l Sl w4 0yd hawg edd Jame (655
iy Vs a5 e L e g ke
SFoA SBF L Sl ey e g5 A) 55 5
Slp owmer 5 OLSG LET Js osline L3 L
05 aS sl Soslane OLSG LET U calises slal g
o5 238 o pSie sl (S5 A
Jusl K8 5l oy €1l Sl (8 505 500
55 lacgs st 51 Slaml b e ol 53 (8351
Csm e 3 el 0l sl LET pehe ol
S E TSP P\ W SO IS IRPICNS EP e
50F 530) 35l S sl w0l 3505 () o5
33 Ol e il okt anlis oy (5550 S Sl b

QOA) 35 e b ome S Gl (N5
S saiaeS ols slaslie cadllas ol o
LET eseie p e Sadde jleslizal b edd dinlows

11 Straggling Energy

ol S35 b Jte Lo 5 ocal s 43 b
s L LIS Jue F Jsd= a9 L oS L e
55 L abls Jde 4 S byl annlms 4 (6 20y
Al J.g.\; DL })‘)}i& 78 01 j“:‘;"" JAK&;{‘L&)T @Lﬁb 4
GATE 58 3l ssliad L ot gloans Sopb 5
S ool b o s (S3slsm 35w et
23 S o3 S i Jde 5 bl gladite
o R SAS L edS s G550 5 G
)jjmw sl O.MTJJ &{L&a “ th (a)..:b (}4.9)‘ @;U
55 G5 53 oMAe e (ol DLW Y IS 53 oS
5 Song Sy gladhe sy e Sl
33 @i oMEs s 7aS 5355 gm edalie (5 ey 335 S
LU die 5 a8 sladie o i ja (55
b Sl 3 mis Slabee ol old 4l
cdte sl 4 s o LU Jus 3 eslind
S5 53 B & Sl ti S s dibe
Wl 1y (6 g 535 Sn Jbo 3l oslial b sl s
ohr a5 Ll s o HUaSl 55 4 ol il oS
S Sl Ol meS (8 5e300,50s e Sl

el LS Jdo 5 b g o a1 (slaesls

10 T T T
—Wilkens model
il =Wedenberg model
- =(Carabc model
Q McNamara model
867 ~MKM
X —Physical dose
9
yir
3
3
& /Z//—‘
2 15
Depth(mm)
0 L f L
0 50 160 150 200

S 33 5 0dd ikt (S 55 ee g (7SS

03 (Sb s Jde 5 uwlidluay gladde slestanal ol alns
ELSEREES

Fig 3) Depth-Distribution of simulated physical dose and

biological dose calculated using phenomenological and
biophysical models in proton therapy
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Abstract
Background: In proton therapy, it is imperative to take the distribution of both the physical absorbed dose
and the biological dose into account. Therefore, phenomenological models and a biophysical model such as
microdosimetric kinetic model (MKM) have been developed for the biological dose calculation.
Materials and Methods: In order to determine the most accurate model for Chinese hamster V79 cell line,
this study carried out comparisons between the linear term of the cell survival curve (o) and the dose pa-
rameter per 10% of the cell survival fraction (D1), calculated using phenomenological models and a bio-
physical model as a function of linear energy transfer (LET) and kinetic energy of proton beams as well as
published experimental data. This research also calculates the biological dose with several phenomenologi-
cal models and MKM as a function of depth in the water phantom.
Results: The results show that the o and D1 values of proton beams calculated with MKM are more con-
sistent with the biological radiation data than those calculated with the phenomenological models. Of the
phenomenological models, the calculation data from McNamara model are in better consistency with the
experimental data than the other phenomenological models.
Conclusion: The ability of MKM to properly predict the biological dose distribution of proton beams with
continual innovations and modifications showcases the importance of applying the correct model in treat-
ment planning systems.
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