VPmNT OFAT sl o oylaid < 10 650 (5log Setiip sl olSutily Sy 0uShill alaa

Sobol-Wu gl siof 44 31 6liu! b 31,5 solo 30 (Slous 398 amlno (5l 33 o335 9 U5 S i

FRELEN

Sl BSsele 53 Glode o 553 bawste alone Sl $FalS S S REg il g 4
Ll F30 cp 3 333 593 (oS

Gl 85 S S0bOl-WU Lo g5 ol annlms (gla el )b 51 oslinal U« iasn opl 53 f s A
Ak —0aa b Gleal S pale (5l 1 535 (55 el ISl el 0l 2 055 0L 4 353 Arlone
Ol Gl X anil Y e SWs s sla all (613l & Mo-Rh 3 Rh—Rh Mo-Mo
LS (gp e Ol 3L (Slode S

Gl s s =G il e gl glode odir 53 L sie Sl ks IS gl L laasily
Ot 5l S sl ol X andl (oY W5 o p g=1/0 5 HVL=1/Yt mm d=¢ cm
sl 0 4wl d=E cm s HVL=+/YE mm kV=Y0 I3l 4o Oliay 3L slods Lo ys v
KV=YA (g1l as ol S 5ol s X a3l HVL Cm p Slode ol 593 Lo gie Sl oS (puian
el 0L s b a5 sl BBl 5 ) 5l edel s @l s eds S g= 5 d=t

Q\}_;JA ajuts bjﬁouiabmﬂ‘jaﬁ Wbmj}: C,\_;JJC,_G).A cg:»:-’lﬂk?)gb‘}w 35;4%.:4’

"S5 ol e

e G 7 oKl o ple o USCLD o 3 00,57

g

2,8 eslinal 31 S sale 53 il 505 (ilwang Gl ol sl

Sobol-Wu L;Laj;pl)b_ LL;Q\;}ALA c&'a.}.}« BEL) ‘Q):J,ﬁ J.JS ‘;J:ob/ Qw

DL ‘_)lj....v.l 6)|>J.vw§5rl§...h 6.5.}& u.r.).;-)j.) .la..ujiﬁwpd
L Oke 4 Entrance Skin Exposure (ESE) Cowsy A3,

- & . T - S Y
e Jla G sl dsle )

Joldr 5 leds pdor 593 bwste st jasiie Culbs
L ESE J>ly 5 593 om Dgn s A=ly l3l 4 odd ag
Oty lods il oS @ atsly 8 23 5 o plnad oLosss
© s 5 (KV) ol S pelo oKaus 55 d(d) Oliew Culbs (g)
(L es s W ail e X andl Cilb (HVL) Y o Sels
Cise oy aly Gleds pda a5 baw e Jolis NA4E DL s
(184Y) Wu s 5 Sobol (sidss o8 55 “is S ol sl IS

)l)_élff'p‘}a}ﬁbdl}});umbu:jl;);&égb Jsld ol

JEAZ ols, 5 oF olas « £ 0,90 o] (Kb iy pole olCaily o K55y oSl dlzxo

e aSils (ST 05 S Ol i shme ok i
AV g Bakos Gl g olan o3 oK1
COVY= L6V ol

email: amowlavi@sttu.ac.ir

-~

doudo

a3 e sl SlelAl S L X andl b SIS pele
53 Oty Ol o jasedd Coudd el Oy gl e J S 5
Slemslsl e B 55 ssd (SIS sl bug oyl Jol
O o S ol Ol o el SLE S L ol el s (S
Wl e 53 s Ol 51 dmy 065 LS e Jole cpass Oliny
Ol Sl Ol o 155 G 00 55 05 Sl £0 550 VL 5 ool
5 eadss s e bl cpl &S el J= 55l 65k e
drlomn gy ol 5 e i 13 Sl & s g Ol
el el b SIS el o ode 5as s Sesll L

NG S C,&L 9 lec.\& C,&L AC}' EL) J.Al.w dl:vwv_! C,Jla



5lse ol e A1

e 5ss hagme Ol ks Yosled S5 ol sl esls 2l
Sl 4w gl oS sole ooz X andl HVL o 2 lodi
.J\Jhéuﬂ olid ‘) G=+/1 9 d=¢ kv=YA stl “ o }I.l:ﬁ — Bda
o, Kea 5 Dance Wu C,Lu Lo Bl odal Cowddy CL"
5 Ko 5 WU 5 e il foles K3 5 sl
G=+/0 5 HVL=/T1 mm d=t em Gl & & 5l jobs =l

BEISEL] wbu 6\}.: dl};uﬂ ol 42..2}; JSJ' RGO IS WArSYEY QL.L;

23S eslatal (il glgnas s

Yio
we ]| —— Rh-Rh $$$me%@
—=— Mo-Rh o
Yeo J | ——Mo-Mo ﬁv*
&
)
Yoo 4 HVL=+/¥¢ mm @"’*
— — &
B 140 d= tom ﬂ»‘*’ﬁ
g g=-/¢ -B“’@
£ e
P4
5
[SERVe
W
o
T T T T T T T

Y Yi AR YA A\ Y Yi "

(kV) olKaws 515

oKas X andl g;-dy 3\:.‘}5:...)].: Slods ‘_;.\J? BYL k..n_’:.a Ol s :\—JS.::

S HVL=+/¥¢ mm d=¢ cm gl5l 4 5 s — Oua u:.a.l)’lw slp fljf}ala

.G=+/0

Yio
e 8 —=—Rh-Rh
] —=— Mo-Rh

—— Mo-Mo
Y\ 4

KV=Yo

" HVL= +/Fmm

d=tcm

DgN(mrad/R)
1

(L) glods Ao ys

b\:..a_t CAL lods Lo js o slons u..v.i? BYE k..n_,:.a Ol s :\'—JS.:

Fhd— Baa Jal,] 4w (gl p d=t em 5 HVL=+/YE{ mm Kkv=Y0 I3l &

Ll als —Oue 31 S ja gl cwslis (sla sl ,L Mathematica
55 s anle Gl G selS US S iy 1.5)3’1 S

s )3}4 [SEL w».}u 3 G_Jwﬁ BL) 6\5.,\9 L5_:.)\7-

(e OE9)

St et e 5s baegte (s o il WS &S boles
sls ol 1 ()Ti)ljjyﬁ)‘ Sy gods &S Sl ite e

Dgn = Don(kV, HVL, d, g) Mm
o8 b 53 L Wu 5 Sobol .l g 5 KV 4y azusls 545 HVL &
Cf aw Gl bl el 3 Doy sl gl i @U S
g = v /0 el Xo' B ./.0' C,JL’ g = Lf'ﬂ Q,.AL» Q,..%L
laer dr Ly SO L Cale 5o @ =) slede Sels il
R VR S - TS IE VI PRI - S I VG VR Ny VRS PERSIN V2
Sl Sl kel e bl s @U‘w’wﬂ
Dn(8)=Dgn(g = 0)- [3 Den(g =0) - 4 Dgn(g = 0.5) + Don(g = 1g
+2[Dgn(g = 0) - 2 Dgn(g = 0.5) + Dn(g = 1)]g? ™
Y05 0l a4 05 S Wu s Sobol sla il Sl esbiud L
QYV.:.I;M\A.) SWy s sl sl \)).}Jéhﬁ\u};
Js.sdn 4.2..»\:“ dt’*‘“—l QJL' 6'0.«\.& JMS E) AQLT.»-{ Colses X axdl
dewloe 595 S35 5 (Lo (omal Nt o ins Slasin
Gl Ol 5l Ol e S cd )8 Jaw s oLl eslizul 55 5 ol

> S sl u}\}f}»l.a LIPS P LTS WELIPR

Ladasl
o a3 lge e il Glgss sl S sl L
bage Ol s Conl ol ailee a3 Aty Gl 4 (gleds
¢S sele oKas X anil oV 3y e Glode ol 5o
HVL=+/Y¢ mm d=¢ cm sl 4 5 5l — s bl aw gl
L aS 3538 0 olsd w0l onls DL Voyled S5 55 G=2/0
sMo-Mo 3l jadd sl Rh-Rh (gl 555 Ol i U 2ol 580
2 leds gl 93 buse Ol a5 4 by e CLJ &l Mo-Rh
HVL=+/Y¢ mm kV=Y0 gljl 4 Ol 3L (glode ds )5 v

Voled IS5 55 ik — Gas 50T 4w Olea gl d=t om

VEAZ 0ls,5 oF o lass « P 0,90 o]0 (Kb iy pale olCails o K3y ouSCiily alzxo



\o Mowlavi A A.

A _ e Wuetal

PR o= s

DQN(mrad/R)
1

(cm) Sk Sl

sl 4 a5l J‘ol» @_L“J 9 U:JblS.wJWu SH8 Cig @L"J Zi*JS.S

G=+/06 3 HVL=+/Y1 mm d=¢{ cm

Slr 533 aslme 053 S i (Glags pl 5 el o
«S A3 &1y Mo-Rh 5 Rh—Rh Mo-Mo ki G b slgsl S sale
Lol Sl el ol 0K ml L s Sl G5 s

..L..:ZL.'.l:.fujaébﬂﬁ&iﬁéo)?):d\ﬁ)lskslﬂx\jda

References

1. Bruce M, Mammography Regulatory Issues. Radiation Safety
Section Michigan Department of Consumer and Industry Services.
[cited 2001]; [http://www.fda.gov/cdrh/mammography]. Available
from: URL.

2. Dance DR, Skinner CL, Carlsson GA. Breast dosimetry. Appl
Radiat Isot 1999; 50: 185-203.

3. Dance DR. Monte Carlo calculation of conversion factors for the
estimation of mean glandular breast dose. Physics in Medicine and
Biology 1990; 35: 1211-1219.

JEAZ ols, 5 oF olas « £ 0,90 o] (Kb iy pole olCaily o K55y oSl dlzxo

4 8%
¥Y' 4| —e—Mo-Rh 557
<4 w$
v.. ]| ——Rh-Rh o
A+ ]| —*— Mo-Mo 9"
o

DQN(mrad/R)
1

e ht g o i o o o0
HVL(mm)
oo X andl HVL ey glode (g 595 o gin O jeis ¥- IS

G=+/1 5 =t kV=YA g3l 4 5 Zd— Sas ShlT aw gl ¢S o

&

uﬁ-}
o S L Cise s w0 glds ol 5 g il

3 Gleds e 555 Lt 05,5 (g ,ubl )3 Wu s Sobol 2,

ij(ﬁ‘)"ﬁ@)’“’ “T"'“"'L:"‘ 4QTL§\};"A?L>J‘J})& OJJ}TCMA.)\{

4. Jing Z, Huda W, Walker JK: Scattered radiation in scanning slot

mammography. Med Phys 1998; 25: 1111-7.

5. Wu X, Gingold EL, Barnes GT, Tucker DM. Normalized average

glandular dose in molybdenum target-rhodium filter and rhodium
target-rhodium filter mammography. Radiology 1994; 193: 83-9.

6. Sobol WT, Wu X. Parametrization of mammography normalized

average glandular dose tables. Med Phys 1997, 24: 547-54.

7. Microsoft FORTRAN PowerStation 4.0 software, Microsoft

Company, 1994.



Tehran University Medical Journal; Vol. 65, No. 3, Jun 2007: 13-16 1

FORTRAN Code for Glandular Dose Calculation in Mammography Using

Mowlavi A A. "

Department of Physics, School of
Sciences, Tarbiat Moallem
University of Sabzevar

* Corresponding author: Dept of
Physics, School of Sciences, Tarbiat
Moallem University of Sabzevar,
Sabzevar 397 Tel: +98-571-4411161
email: amowlavi@sttu.ac.ir

Sobol-Wu Parameters

Abstract

Background: Accurate computation of the radiation dose to the breast is essential to
mammography. Various the thicknesses of breast, the composition of the breast tissue
and other variables affect the optimal breast dose. Furthermore, the glandular fraction,
which refers to the composition of the breasts, as partitioned between radiation-sensitive
glandular tissue and the adipose tissue, also has an effect on this calculation. Fatty or
fibrous breasts would have a lower value for the glandular fraction than dense breasts.
Breast tissue composed of half glandular and half adipose tissue would have a glandular
fraction in between that of fatty and dense breasts. Therefore, the use of a computational
code for average glandular dose calculation in mammography is a more effective means
of estimating the dose of radiation, and is accurate and fast.

Methods: In the present work, the Sobol-Wu beam quality parameters are used to write a
FORTRAN code for glandular dose calculation in molybdenum anode-molybdenum
filter (Mo-Mo), molybdenum anode-rhodium filter (Mo-Rh) and rhodium anode-rhodium
filter (Rh-Rh) target-filter combinations in mammograms. The input parameters of code
are: tube voltage in kV, half-value layer (HVL) of the incident x-ray spectrum in mm,
breast thickness in cm (d), and glandular tissue fraction (g).

Results: The average glandular dose (AGD) variation against the voltage of the mammogram
X-ray tube for d = 4 cm, HVL = 0.34 mm Al and g=0.5 for the three filter-target
combinations, as well as its variation against the glandular fraction of breast tissue for kV=25,
HVL=0.34, and d=4 cm has been calculated. The results related to the average glandular
absorbed dose variation against HVL for kV = 28, d=4 cm and g= 0.6 are also presented. The
results of this code are in good agreement with those previously reported in the literature.
Conclusion: The code developed in this study calculates the glandular dose quickly, and
it is complete and accurate. Furthermore, it is user friendly and useful for dose optimizing
in mammography imaging.

Keywords: Fortran code, glandular dose, mammography, sobol-wu parameters.
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