[ Downloaded from tumj.tums.ac.ir on 2026-06-24 ]

monthly

oo i ENTL£0V olotnion Vs lacd VE 6,50 NT90 sgo 5 Sk posle sltils (it 3y 0uSetily aloo I l ”\/”

el (§5999201) 33 i il )3 Bl (5595

A0/ A/ ST ATAG/ATA L IFAOAN0 iy YROAT/ A il s e.).&
Ol 5 sl Gl Sop sl slaws Sis o1 5 el Gl ol 5l oslanal 5 S 5 228

Sy O3l Ve Sl i s iS5 (555 gl Ol sk V0 51 i Wi 38 oAl e ey
o das,Seslil 5 Sisd gy Cbliz e OgnnaS VU 550580 Ll 5 55d e Cb_u'l s s lazen
Cparr a5 53 IVE g 4 353 0 Joli [ (S5 sty sladpesl plas 740 350 s (S Sl
Gltin 55 oy 53 Sbliz o 510l s sLa i 5 b i @il 355 215 (S ol edlomte VL
Sede 53 paseiS (S5 sl 5l a0l e Sy s S5 lagg,bmial 5 Ol e dile glopdlh Ol o
VOAY U gtans ¥l paiess (g5 mnly gladiposl 51 20 553 45 55 0 035 cpasd 235 g0 3550 o AT B 0/
Cla0sasl iy 555 4 S1cad LS ol edmze VL 5 ml) Cmma 53 o jas Ol s 3556 0740
e IS ans 53 3 IS5 sl S eslind e ol Ll el ol Sl palS (G550l
&l wlal 0500 ot Jie bl il 038 sl Olss s sla s sl3ol o 105l ss 1 e 1SS )
Cbliz (555 eSS e Slaao 5 b el SULRS (68 5 Sl Sl o el S e
B 5 Jine Dok w5 len 655 5 S 258 ol G168 4 LL (S5 S0 0pal (rtats
2 2l b a Al RGOl (g3les sdone dile (gadaze ol go (3l 3L ol (Ses A= G
oalS 1 slay 6,8 55 Llg o mdl CodS Bde pems Blim 5 a5 Ol eSS (b Lyl

Aas pals gl LB sba | 6};‘,3]; Slbls Ll o blim sla )8, s Cule ) das o

MJL& g)]a;ljé Lg\.a;)lf)\ gg.a.:sbijéj‘,lﬁs\) ‘;,g../fc‘zl.a.b/

ezl VU asla (i1 il el (S5 03 Ol sba g
(National Council on _SG54 550, slags,Seilil 5 cbli=

Al
S A=
*Y’\ubcﬁs e
Ol 4iaS ¢ K g S 5d 09,5~
pole oSSl o Sy 0S5 oy setils
Ol s Sl gl sibir Sy
OleadS Syl 5540355 NS 09,8~ T
il lasl sl iz Sy o le oS

Ol

ke oKl QLS S5k lal i e ,.u.d‘,:*
03,5 (S oIS Slaal ) plagdir Sy
IS (S3AST JSAIS o (S S5
SVFYTRY il UTOV-TTIA

E-mail: manzabih@gmail.com

FUR Y

740 40>~ Radiological Protection and Measurements, NCRP)
S Sl b nl (Sag slas 8 Jels (S5, slales]
S 1 Il edote VLI Cumar rez 535 AVE e oyl
s w3dS ans 5 53 GIIESS g Sty L s
TVl il g 5 MBS eSS msly syl

GO 5 Ogesl Sadee Vo5l i wiliss das e OLE s

Tehran Univ Med J (TUMJ) 2016 October,74(7):457-66

http://tumj.tums.ac.ir

J}L‘JT Ol 58 Wilhelm Conrad Rontgen VAde Jl. s

S e S A el s S el db s S s
il K Olgsa (Sl 5 OF 5l AUS Se s S aiS |
ool 3550 oy slan,lS sl o gy Se 3 5 ashs
syl boolyen Sop w0 Ol g 35,5 a8 3

S8 o e 3| S ki (S5m0 050l s (S


https://tumj.tums.ac.ir/article-1-7700-en.html

[ Downloaded from tumj.tums.ac.ir on 2026-06-24 ]

OblKas 5 oS tins £oA

DAV 5 S s s plndl s (S5 sty sla0 se
B/ e el (5005 48 Lols 0L Ko wibanns 5
Tl Ol s ez Ol s Y

e 4SOk il s p Ul sbsn S el
5 s S w53 4 s e LOT 3 (S Ol
I e

JsS0s0 Ol DNA L its &30ty 50 fpdiis 3
O OAs il b5 Ol o3 w0 i 5 038 3,55 5 s
Slageis g Lle sk 055 d s b bagl plad 505
A Lpbical 5 0 S RNA 5 a3l L asbilesle
S glcnSE 4 e 45 col O Gis J,0 5 DNA J-
ol Wsa T sk e Lapssses S s slandy 53 by slad,
(3,05 Y nm o3lil 4 ls DNA zyjle ) DNA S oS
Slols 5y STl o Bl Sstias dpeme ) sbas pitos S
SldsSse il JiS05e o Gu 2 S Sl S S5
Jsl B b glag @l pais SIS g e 420 ol
L gy s a6l YL (Linear energy transfer, LET) (o5 5l o
Sk Sl g a0 55 5 el I oy WI 3
Tl e Gl

DD gt b S 0 Sl AL s e S
I b o) 3T Gl W & e oS ol (ko
5 et LT SLadISGsly ol 2550 (b2 i 052801 (g5l
3 LpSe STy 20 (DNA o5 50) Jsho 53 35 50 Glad S5
o TAY ssde O Lpde OT & Odley ol 4 e
Sledos i« S5 5,5 5 5 03 el ol W25 O 51 J b
igbe 2T G S b 5 e b 5550 Sl S
LET L lagn (S5 Slodo ol e a5 ol nl 55k
oS Tl ST G dSGal, W5 (Sl 5 5L) oy
DNA « Sl 5o 5 8 canl 700 51 Jie 45 555 0 033
JARCIUR [ WO Ve {0 CON R (- s B R H PP PN W8

S kS SIS s a Ol Gl gy (S5 Sl
s e (B3) (S5 5 S el (Sl s)

per &S & ezl o b adad Sl 31t S ekl ol )

R SR IS S I I P S| K VN VRN S VR GO T - PR R P

Comaz Yool B VA4 Jlo 51 a8 s sl e plosil Lis 3
S5 sealy o gesT slaws (sl azils A, /80 Ol sea Olgr
o Ssm 53 0L Jlisay 5 V0 e Olpasy e ol 53 il
Mol il GBIV Ol 8 b Oler Corex
Lol 51 (ol Oless 5 ol 0oy pdlobel Lse
Sl oslizal e (0T 5 s amie wilia 5 Olss s gla gy 3l eslizal U
il 3 gm s L e et |y amele e g ol
dBs 3l b len Oloss 5 aseld 53 Oy sy oS
Sope 0 ks loyill Sl gline iy plp s bl
Sl O 5 Lot S50 G 5 6550 on 4k
e s WSl Glasn bas SLS sl agls sy SV 5k sl
o Mil5 o bag S ddl o (ogia Lo S e S 5
S o b i e S 5 gt Ko ol U (S g
5 S5l al gt S sl Ol e e lacs ey (20
San ORIA 5 EAS S o Al 2 LS o Slalis
U el LS s Ol e sl e e

ol axdlas (glos S 5sbas Olsi s s sl30W s
s O8LLSL g » Sldlas laly aesls opl 2l .ol
SLw S sSS 5 bowaidasl o » Sldlas ()
Coao QLSS (gpy p bl ejpiS ple s G5dn0l
Olslp Gl S5 4l b Ol 555 » Slalllas 5 (glazes
S S8 55 ) S5 SRl 4 gl Olpea Lol ol
T lails asiS (S 5 ool ol s Lol ol
osba &S i islS p 5w Sie 0L 55 Ol O e 55 Rl58
5T a8 15 oSyl o Syl g ) S
S Fn Slorss Doson & s Sl 4 M 05 2 L
" Llazils

sadle o &S ol 00V ) L OlL,Ks 5 Ronckers
SoS 5 Sl Oy Glagbeal g o3le 140 BN
555 a0 e 5 Se sla 1S sy oS Wals QLS (Axils asels
DA Oyt o ja Ol he 5 dos 5 ) Ol (rad
B R T g RO PR I PR EEERPR Tt AL
S IS e 8 5l e YA Olpea Ol oS cnl 5o

AVl sl ey b 0en 5 De Gonzalez pzees o3 S

FE L FOV LY oylas VF 0,59 ) FID o s Ky posle olCiils o 53 0aCiils aloee


https://tumj.tums.ac.ir/article-1-7700-en.html

[ Downloaded from tumj.tums.ac.ir on 2026-06-24 ]

god S s s oo ] ol o cblin g5

S e LOT S olaas S 3l &) WSSl g 51 AL
s 0w s Kf 3550 08 5ldas VAVE B VAN JL ST
O Ms 8 518 e lasolen 0 b e 3550 VA
Lok nd 5 5 553 @SN Gl s Al Ll
Tz OF gl el slaial

Sers $a GSeINl Gl ASs Aty Loy Lyl lawl s
(Exposure) (5,8 55 A= G opmns Sy SO sl Lol
e 4S 351 (5550 g L a8 3 Sy Slayl 553 (ol
Lle glacasgdoe boslon Jy ld oo Congn OAS 505
G55 p Somn do s (1 ST (S5 3 4 (S
il 3131 3wl sl gl 5L s)se 53 Wsed Olgiea s
Fo o=l 3l G Sao i B aglse (00 G s 0o sl
55 Lzl sl gl 5as JBla= el o 2T el Tl
ol gl W sl Tl sl 63 e S RRREPRES
VAV Jle s (Ko geasl by (Sigdanl, cbli= o018
2l s cblis aneS VAYY Jl s Of Jlisa .23 5 & s
A3 SBli ol alaslas QbdSl o g3l 5 WSOl sla s
TS e gy

Looslizal (sl 58l Mallops K8 14Y0 L s
S Sl 5 WIS Hallin OsmaaS (55 5| fge 5 Ol
(International Council of Units and Measurements, S35 5:3l,
Medl i O gesaS VAYA Il 55 0T JWsas 25,5 a5 |5 ICRU)
(International Commission on Radiological 543, bl
e aneS VAY4 JLe ;s ICRP .4 S35 Protection, ICRP)
I, (NCRP) _So54al, sl Seslll 5 5,0 ol 5o cbla-
TS el

Olgeas (oSS 2 358 YOA XV e) (S5, VAYA JLe o
Slr Gobme SDs5 s S Sl g Sl sl gl
Oly 3 Ll il o 1sa 53 ol sbol lagys s slaws (5,53l
@1y 140Y Jle 53 ol 015 513l 5 6,8 5 glacaul
53 ekd 8Ty (g5 Ol Ol sl (p 8 SLI V) sl ol
Gl &S Ad Lasie O 5l o U8 Sue s Ol esle
Aoy opl by Ll Ol Gy p slite S5 ol il

ol o) K bl g @Sl sl g pba g

Tehran Univ Med J (TUMJ) 2016 October;74(7):457-66

http://tumj.tums.ac.ir

Slas el S el ol 35 8 e B slad sl 31 ol sl
o Sl 338 e 58 sdiscnl Slaghil s Slas 35 o
Ol Soml 8 3l sy wlial 533 G ojlsen Ol 3 6580l
b oelead o 51 VL slasss 53 dled pad S5 akd S
TVl e SRl s S Sl (S 5 e Rl
S e ool Wl 5 i e > SSILBIS sl
il akad

B 5 5 O Sl s Jlaxl SIS S Sl Sl S
OSen S8 5 e plad 5> a5 Ates Slilie] 65 50
S5 Gl 5 O o 5l 5 o) 55 ik G|
Jlazm) il o b S5 6 S0l Sl by 51 ()
553 4 OF Sl Ll sl g 2t 553 GRIBIL S ol 35
et o tege dolas Sl aS el ol sl T Se
3 i 3 dmals e eslinal sy5e ol Glasss bS5
Mo Slates S

Sl Cope WiSe Ulpn by 1585 ol
25l Sl d bt sl 5 (K85 Sk pesises S
boaln) i dshe o3 (DNA Ll )3 08) as55e5S
Jos a s Oz S USE & ol Bl (Ol
DNA (555 5 5 A3 (26 (S5 Sl A dal 5 Jime o]
Il pl S el (Germ cells)  Jgho slaes s 3 55550
33,8 0% slad b glaesls (glsmme 53 el 4 e Ll e
s LS e 3 Sl azdls 6,8 5 5 a8 (658 53 Dl &Sl
sdul (sl o 5 QM3 3 L3 0 Sl sl YU il sl

e

Osr ls (ool ol Sl 3T -l Lies o s 5L sl 3
Lol 2lisy 03 S0 @il 5 255 45 LS gn 55 Sl 3 S
Al S5 Sl Ssn ezl IS 5 iba ol S
Tl 6l 03 e i3S glailb e Jast 5l eS
Sl S s Caesngsly sy YYOOAT L s
(Clarence  JIs i DS WSSl 5, S e SL3F odsl Vs S
JLe s &S 55 (Thomas Edison) Oseqsl wless  Liws Dally)
RIS I PTG L STV (| U v LA R (RN L R
Sr 3l U clagslen & Mal W wey b s oK

ol S s 3550 o 1A) 0 B IAR0 ladle o azsdS s


https://tumj.tums.ac.ir/article-1-7700-en.html

[ Downloaded from tumj.tums.ac.ir on 2026-06-24 ]

OblKas 5 oS tins e

e T R N P e L
O3l 31 556 555 L Isles 8 5sbay 533 onl) Jsdr &
ales 533 ol izl (SO CT S L5 el 4 (S350,
Clys Ol oo a5 OV Lo YY s sb 5o a5 ol (350
Glot by Wbl Opdm et e (25 Lo 51 T S
0530555 S @ arg L bl sl ol o bl Sy
ol Glasss e (gin reas DI (S5 sty slales]
TN 58 Ol e s LB Sl 4 e VL Ll 5 e

S sl Jals Yeed L s 63 ,n8 (hodalie adlllas S
3 Ooleg iy o sls OLES Gl oot SNLI 3 5 s
Tlesls plil ilie S5 sls il (ALS sesss
35 2 NS 18 1, el e e 0IKes s Eisenberg
55 G s il s, S5 3l AU s a8 sl OLiS asdlas
RS 3sh D 00 51 R e 553 4 e LIS e
3L ssse slde Sl slete b oo ((SU5 8 skl Al s Ll
oS8 il Jlaml mes Sl O W gl
oS Tl sdd S Jsame 1S 0l 5 ol SGLesid
Vo a5 GOl 5l 3 533 S 355 0 035
53 0l 5550 0140 5 (pl5 Comazr 55 Ol s 35 50 VOAV Jsis
el ol sdoze VL Cgmer

Olag 552 SRl o o (2 W58 bl ol
Fo S mol o slen CBli s all AL (aane o5 54)
P S S el (S5 (S S S e
sl (Seidasly Opesl el LT aS ol s
sl 4 by S S ,S el (8L Sl 652
Pl Ohley 555 SR 5 sileang Gl omlie Sl
s kS 5 e o)l g 5 MG slacd iy S s
iz €y 53 - ol b S s (5505005 slealSans
Dose SA leane b Slpeas Gl e el s Bl
SusSE STl 5 15 g 2 Sa k5 w85
JAS 53 5 s Ol A 5 Sl s (o5 Bl wile
S5 6 s s e glanll Wl Pang K
S b S5 55 S8 Sln sl ohS L e il
TS eslizal Lagl

S s s b Jle S0 sl S o alol el
b Obosan S e Oly 1y ciliien slagi o SSslsm o
Gl SLuls 5 byl it ladsly ol Oalys |l a5 sl
Tl ane g il Sla S 5 S0 L s

© by S ple s Sbls glas gl gles S iy
eV s oS el ol ) e OBLL (g, lallas
S Comer (S50 sdes LS eispel T iy 0 S 2L
G 3 ICRP Pl Ul slasin slasss omly pslaw
Chlix bl ol 4w oyl 5518 s eylss 5 YT 6l
Tl e ged o 5 5 S a0 0

oAb S5l Osesl 68 s il ICRP ol
SSen 5 Jsine Sy st amslr 5 ol 655 45 AEL gl S
5t Ddda o jblie 5 s ey 0pd i ol A= U
P s e bt S 5 5 g b (el Skl Oy
S e opl ST el lise @ 5s
Chlim slas bl el Jol bl A3k S5 daibus st o
Pl S35

A3 Tadlis ol o et aids Sl 5 3l eslind
g BB s s Sty sl Sl e e
Ola 53 a3l O o bles 31 j2ie Slas @l O Cde 45 Sl
B 590 i J s CT (paeld (S50l sl s, plas
L S5 msly gogesl I8 51 Y L CT el Oblas 4
Tty Ollan red 593 53 TV g &S Sl s das e JSCES
YooV BYAA Jl 51CT lad s sldns 1K ol stonze VLI s
Yol ansls (5l Y Ve Ol

Lo Sesp i CT 5l G20 553 ACRP laaeo 55 ulal
3 A 53 Pl Ol I g 5L 3558 sk 31 Ssle
S5 sl 0 B ssbe oSG CT 0sT S
233 e O Ses 5 Gonzalez ol (gl anis 31 S 500,
YoVl s el sdonte VLI Comesr 3 sl (SWCT oS
oS o) Camer 53 ST Ol 3y YAee Gl s
ol S s e (S5l Dsesl S s 50 ks
T Jas) 3

Ol et oy S Je a0 23l e i8S bl

FE L FOV LY oylas VF 0,59 ) FID o s Ky posle olCiils o 53 0aCiils aloee


https://tumj.tums.ac.ir/article-1-7700-en.html

[ Downloaded from tumj.tums.ac.ir on 2026-06-24 ]

£\ S s s oo ] ol o cblin g5

(S Sy b 55 3 S5 e 85 gty $absa3T S Fss 555 1) Jpke

395 o2l b dalan (5 iee s 315 5l 3ldas

(MSY) g 555 Kl

S 55 P ssly O ga3l

Yo

Yo

ARy

v/

Y

PR

wozeaz

C):; ol b

S

(T 5 35%95) ot i
(503)) Sobe i
N

Lol

sl

5

Ll o0k

S5 0355 S
SIS e

SFmlS H S5
g

Y4

S A

N

ol i

65385 HAEn5l
Slhs 1S gl
Slas J=Is Sl
Sely b

O3 (5 5 golS 315 g5

A3 o Al i Ok 553 2 sal SokS S ed 0S|
TRAS e Al s b Dl S S0 S Ole 035 Rl s
gl VXA Sl eSSl 1S sty s 5 Ol sl 2alS
3l 3 538 Tidas o 285 700 B Ollaw 53 ol W
S LopSl s b oehes by 3l 4 SUT

Tehran Univ Med J (TUMJ) 2016 October,74(7):457-66

http://tumj.tums.ac.ir

ol 4 i Ol slal Wb LSl £5 el Sl
wL.ala LS)'L.A}).W ci;c\'ﬁ\))}f dgdoe 2ol J.)m )40

2 Ol st GS5n ble iSLp Olges

ol 5 anes (gilespdoes il sl antlil Ul 315 5l

Sy g el Loy esls fals 1 s 2L sl o


https://tumj.tums.ac.ir/article-1-7700-en.html

[ Downloaded from tumj.tums.ac.ir on 2026-06-24 ]

OLlSan 4 oS winy v

b ands slaosls 45 358 las (g gosa olaws b 38
oslizl T say Sl 56 53 S L s LS 35 e kS
553 Ll ppdl CobS S Osk s glaeti S
sy galS 100 Bl Ol

b 05 s ol o min 5I Al S1S 50ls o el 6l
sy oslial (s GBI 5 olKaws glacyssdoue 4 4t ok
So w0 b psd eSS Olley s Al 5 05581 L
53 AL el st S sl das bl el dis
Ot o B8 523l ioman s ol 110110 om sl
Sodo andd alud 1S sy 5 Vo om ol js S5 8 ol i
Va5 e o 55 VAT em sl 5 eslial Il 53

NE s ok, S 5 slen e S Sl Gldows (Grid) & 8
35 ) e Sl 555 oS S|y Glag s ol b s 2,5 e
el Vo 6 Ll Sl eslind s LS 5l eslaal disy e
o1y o g spms Jlaiml o 353 eslinad adlpe 5 il L 4 S
L5 5l Sl syl ulad el J3 6 e T 52
03 plpbece Y em B Ve 5l iy sae Cwlbhs 45 555 eslan
oS Cubis b oglasas 5 OB 5l SISl Al gl
LS 553 a8 et 3 5 a3yl il &Kl S
Vs el 4 5

cib gl 5Pl gleelans Sl sy oS gl
Sle (531 4 (sosba e il glag Sl 5 gles 1S
o Tl ity 5551 eSS U psacSy ssd 3 oS0
3 Lsde Sl Sl s e Sl s (G551 ) s
e &S G2l 53 e a3 S Gl LI palS 55
A 53 sl s e S elinad Sl s 5l 05 e il
ol 3o sa a1 ctinn (5 snly 53 esliul 355e il
Ml S il K @) Soal

Sy inis Cbli= s 3l bl & (B S sl 52
S eslial caman B1S sl 3 Wi sl Al G Slen
-8 slei l-a (Posterior Anterior, PA)  old3- il gles
Olypeas 1 S &5 5 »» (Anterior Posterior, AP) it
Oblat 53 D8 Osi SIS 53 53 (romes Aas e eSO
L ol b AP (sl slra PA gl Sl eslizal 5 5501

L gladlas s ol SKen 5 Karami @ ol 65 5 sl O gamslad S
OLss Jlo G5 Olsly s 53 (Sodo ands 31,8 gooly YEA o)
sl (3luasdoms slols (£Y0/0) 318 5sl, 08 L aS Lals
b Slaplil Ol goas SUS 5 0 &5 A3 035 mess T kin g
Slge TN 5 s O gy bl (gSlangde Jsay 55 4
L s edd 2L 5 Sos5 08 ssba

Lol 53 S5 n Sl il sla g, 5l S bl
L bolS onliy e B850, o Ml Kideol,
Gy boless 595 5740 U1y laaay & ol 355 <o | mm
e TAC BVO e By ceamen UV das o 2aS Y00
S S SlaylS d ol L le g e 1y 0l Olssaal e
ol e L8 sl s Ohles I bl Cias Curs
Sl S 55 Sl sl Sse B Olsea J e bl
Ll s slgnin CT sladgesl 53 Obley 55 4 ol
S I 5N Sl (G slabli= sl ple 5
T AT Sblis e 55 5l 6530,

s Oleslan oy 03 S oS bus S Sladlae
Blim W6 oy 550 CT S plad 2 gl Slpal g
Cosr swop S 3 Zabihzadeh 5 Karami ©'.lsy 5 sens
2 Osis Gbsn alp 2 CBlis il w28 Slatew
5 oo IAE ATV ladle b 1, 01yl eSS
Glasig eslitnl 2 S sy ks € a5 NS S
S Sl Bl Candy el Ol 5 Lol o Olpin
Yol 03, Jol (35 4228 L A 55 j5iS asis
Chind Cands wdes S SIS 51 K & L5 5 ASE Lol
2 oS e Fa Se 5s Ol Gl @S Ll
Slr Bl Sl sms 5l G 5 oS Sl e S
Sl Sl el et e Jy byt e Obles
X S e 15 eslid 30 Oblen lp Sdia de il S gl
sl SIS sl 5o g sablis S84 5 v ool
355 0 ASUCT 3 Jsamy slable~

Sl 533 A e SSdasly Osel a el sl
Ard LS b clie amiomold S 5 S Sl eslinad

oslazal V.Lﬁ S eyl s s 31855l 55 558 s 4o s

FE L FOV LY oylas VF 0,59 ) FID o s Ky posle olCiils o 53 0aCiils aloee


https://tumj.tums.ac.ir/article-1-7700-en.html

[ Downloaded from tumj.tums.ac.ir on 2026-06-24 ]

ey

o3 a3l oot S5 dasls Glaisesl ralS L i
San SOl (535530 ool (ollgy Solis o o
Slosss sl sbasl y $55 1 ASE L b 5 o Olsla
el OS5 sl

5oy o3 eslinal 5y5m la3ss mly sk o5l o
ezl ax ST sl (o) 03150) Ol Gl ot ¢ pasiels
wr s b bl ol sy mlaw opl 53 O 5 b ety 5 5
5 sl e 53 53 5 Glaosesl e e SBIB
28 Ol 5l e s BB i b SLLS Gies
S 5SS K5, ol cou bSOl ok
2 oolpls Lpd a8 S el b Jla! e Sl Bl S
A S PSS e T e a8 e ol gl
DS 6 S5 S Shlen s e ohn) Oblew 55
S s Saley p S AL 5 AT 558 bl b (Al
B Gl e 5 Wy Sk Sl e Bl
L Sbpnsal bt 5 i b
s Gl 1 Oley 6,8 5 ol bl

Oy Cos abobl Sl pis 5l an S dlis ol i il
085S laslS 5l bl gl s Blim (g meuisn 5 b
VA O s Al el IS daia s " S 1S s
Al ey Coslee b Cylam L a5 S U-94150 o lade,
OB s 5 e odonny planil 4 Slsal 5 pls e (S ple

..U)\idn)'lfﬂ r}bu ol u‘l.)‘ \) > g~ glbj.ﬂ)fgﬁ g.,J\ja

References

1. Khan FM, Gibbons JP. Khan's the Physics of Radiation Therapy.
Philadelphia, PA: Lippincott Williams and Wilkins; 2014.

2. Boyd WL. Using thermoluminescent dosimeters to measure the
dose from high and low energy X-ray sources. [Thesis] Las Vegas:
University of Nevada; 2009.

3. Holmberg O, Malone J, Rehani M, McLean D, Czarwinski R.
Current issues and actions in radiation protection of patients. Eur J
Radiol 2010;76(1):15-9.

4. Gholamhosseinian-Najjar H, Bahreyni-Toosi MT, Zare MH,
Sadeghi HR, Sadoughi HR. Quality control status of radiology
centers of hospitals associated with Mashhad University of Medical
Sciences. Iran J Med Phys 2014;11(1):182-7.

5. Schauer DA, Linton OW. NCRP Report No. 160, Ionizing
Radiation Exposure of the Population of the United States, medical

Tehran Univ Med J (TUMJ) 2016 October;74(7):457-66

http://tumj.tums.ac.ir

Karami V. et al.

Tas g a6 g5 LB ke
A= 53 ppal CobS S byd SISl e el gl
S s S skS sl Sl al il SL Je3 LB
Gl (San Jos 53 8 Sl ol s sl eslizad 436l L
KB Ol Slaw $xS5n s M B sl cliS
Sl S Cleter Glr e LSl S s
S5my S ld s Sl 1S g ele D518 L Ol
> YU mAs 54 kVp Ll s b b s sl Al ails
gl CoiS alS sk Vo mAs 5 VI kVp Ll b oaslis
oA TYN 5 XY Glped 5 Sa |y OS5 kg ader 595

\Y.Mé&

Sl s K S5 bl (g udiaz g ol Wl

B Sl andls e dod il Comexr Gl (BB d5m &S Sl - 5 W18
Ol sy J cpl bl a5 W6 (8 55 s, 0
5 Sosripd Sidssly SLoseil ey Bl & das e
5 Karami Ve 038 Gl LB Sl 8\;.» oeals O
;;yj Osdee Vo 5l iy 4l3s) &S s e Zabihzadeh
BB o3, a8 355 0 (aleu.l L33 33 Gus o b S 58l

A -

Gosrdpt S3dmsly Glaosesl oS spdp 035 S
R S/‘ Coxes 3 JLLJM, ESEY VoeYOo 6Lﬂ\ d):.\mﬂ MYL&

S5 B Ol e s sosesl opl Gl L Vs
J;-ab -L\-HJ‘-;G #44.“.3\3 u;.&ls b 6;5}5;1 Q‘J.lo\;u r‘}..ugg.:

exposure: are we doing less with more, and is there a role for health
physicists? Health Phys 2009;97(1):1-5.

6. Mercuri M, Sheth T, Natarajan MK. Radiation exposure from
medical imaging: A silent harm? CMAJ 2011;183(4):413-4.

7. Zabihzadeh M, Karami, V. Current Status of the Fetography: Pre-
venting of the future radiation induced cancer. fran J Cancer Prev
2016:¢5209. [In press]

8. Gholami M, Nemati F, Karami V. The evaluation of conventional
X-ray exposure parameters including tube voltage and exposure
time in private and governmental hospitals of Lorestan Province,
Iran. fran J Med Phys 2015;12(2):85-92.

9. Ofori K, Gordon SW, Akrobortu E, Ampene AA, Darko EO.
Estimation of adult patient doses for selected X-ray diagnostic
examinations. J Radiat Res Appl Sci 2014;7(4):459-62.


https://tumj.tums.ac.ir/article-1-7700-en.html

[ Downloaded from tumj.tums.ac.ir on 2026-06-24 ]

Review on radiation protection in diagnostic radiology £

10.Karami V, Zabihzadeh M, Gholami M. Gonad shielding for patients
undergoing conventional radiological examinations: Is there cause
for concern? Jentashapir J Health Res 2016;7(2):¢31170.

11.Zoetelief J. Radiological protection in paediatric diagnostic and
interventional radiology. Radiat Prot Dosimetry 2013;155(3):380-
7.

12. Dowd SB, Tilson ER, editors. Practical Radiation Protection and
Applied Radiobiology. 2™ ed. Philadelphia, PA: W.B. Saunders; 1999.

13. Fatahi-Asl J, Cheki M, Karami V. Quality control of diagnostic
radiology devices in the selected hospitals of Ahvaz city. Jentashapir
J Health Res 2013;4(5):371-7.

14.Karami V, Zabihzadeh M. Radiation protection in diagnostic X-ray
imaging departments in Iran: a systematic review of published
articles. J Mazandaran Univ Med Sci 2016;26(135):175-88.

15.Sadre-Momtaz AR, Ghasemi-nezhad Z. Study of the workers
absorbed dose on the basis of their organizational post in three
nuclear medicine clinics in Guilan Province. J Guilan Univ Med Sci
2011;21(81):53-61.

16.Fazel R, Krumholz HM, Wang Y, Ross JS, Chen J, Ting HH, et al.
Exposure to low-dose ionizing radiation from medical imaging
procedures. N Engl J Med 2009;361(9):849-57.

17.Linet MS, Slovis TL, Miller DL, Kleinerman R, Lee C, Rajaraman
P, et al. Cancer risks associated with external radiation from
diagnostic imaging procedures. CA Cancer J Clin 2012;62(2):75-
100.

18.Chou LB, Cox CA, Tung JJ, Harris AH, Brooks-Terrell D, Sich W.
Prevalence of cancer in female orthopaedic surgeons in the United
States. J Bone Joint Surg Am 2010;92(1):240-4.

19.Ronckers CM, Land CE, Miller JS, Stovall M, Lonstein JE, Doody
MM. Cancer mortality among women frequently exposed to
radiographic examinations for spinal disorders. Radiat Res
2010;174(1):83-90.

20.Doody MM, Lonstein JE, Stovall M, Hacker DG, Luckyanov N,
Land CE. Breast cancer mortality after diagnostic radiography:
findings from the U.S. Scoliosis Cohort Study. Spine (Phila Pa
1976) 2000;25(16):2052-63.

21.Fatahi-Asl J, Tahmasbi M, Karami V. The Protection knowledge
and performance of radiographers in some hospitals of Ahvaz
County. Jentashapir J Health Res 2013;4(5):405-12.

22.Giles D, Hewitt D, Stewart A, Webb J. Malignant disease in
childhood and diagnostic irradiation in utero. Lancet
1956;271(6940):447.

23.Stewart A, Webb J, Hewitt D. A survey of childhood malignancies.
Br Med J 1958;1(5086):1495-508.

24.MacMahon B. Prenatal X-ray exposure and childhood cancer. J
Natl Cancer Inst 1962;28:1173-91.

25.Wakeford R. Childhood leukaemia following medical diagnostic
exposure to ionizing radiation in utero or after birth. Radiat Prot
Dosimetry 2008;132(2):166-74.

26.Linet MS, Kim KP, Rajaraman P. Children's exposure to diagnostic
medical radiation and cancer risk: epidemiologic and dosimetric
considerations. Pediatr Radiol 2009;39 Suppl 1:S4-26.

27.Boice JD Jr, Preston D, Davis FG, Monson RR. Frequent chest X-
ray fluoroscopy and breast cancer incidence among tuberculosis
patients in Massachusetts. Radiat Res 1991;125(2):214-22.

28.Howe GR, McLaughlin J. Breast cancer mortality between 1950
and 1987 after exposure to fractionated moderate-dose-rate ionizing
radiation in the Canadian fluoroscopy cohort study and a
comparison with breast cancer mortality in the atomic bomb
survivors study. Radiat Res 1996;145(6):694-707.

29. Ron E. Cancer risks from medical radiation. Health Phys 2003;85(1):47-
59.

30.Berrington de Gonzalez A, Darby S. Risk of cancer from diagnostic
X-rays: estimates for the UK and 14 other countries. Lancet
2004;363(9406):345-51.

31.Elgazzar AH, editor. The Pathophysiologic Basis Of Nuclear
Medicine: New York, NY: Springer Science; 2006.

32.Hall EJ, Giaccia AJ. Radiobiology for the Radiologist. 6" ed.
Philadelphia, PA: Lippincott Williams & Wilkins; 2006.

33. Radiation Control and Radiological Services. University of Florida. Biological
effects of ionizing radiation. [Internet] 2016 Apr [cited 2016 Nov 15]; Available
from: webfiles.ehs.ufl.edwrssc_biological effects_ionizing_rad.pdf

34.Shannoun F, Blettner M, Schmidberger H, Zeeb H. Radiation
protection in diagnostic radiology. Dtsch Arztebl Int 2008;105(3):41-
6.

35.Voress M. The increasing use of CT and its risks. Radiol Technol
2007;79(2):186-90.

36. Karami V, Zabihzadeh M. Ovarian shielding during pelvis radiography:
risk versus benefit. J Radiol Radiat Ther 2016;4(1):1058.

37.Tavakoli M-B. Radiobiology and Radiation Protection. Isfahan:
Mani; 2000. [Persian]

38.Marshall G, Keene S. Radiation safety in the modern radiology
department: a growing concern. Internet J Radiol 2007;5(2):1-6.

39. Radiations NRCACotBEol, Office USEPAR. The effects on
populations of exposure to low levels of ionizing radiation: report:
National Academies; 1972.

40. Protection ICoR. ICRP Publication 60: 1990 Recommendations of
the International Commission on Radiological Protection: Elsevier
Health Sciences; 1991.

41. Cardis E, Vrijheid M, Blettner M, Gilbert E, Hakama M, Hill C, et al.
Risk of cancer after low doses of ionising radiation: retrospective
cohort study in 15 countries. BMJ 2005;331(7508):77.

42.ICRP. Recommendations of the International Commission on
Radiological Protection, ICRP Publication 26. Annals of the ICRP.
1977;1.

43.Wall B, Fisher E, Shrimpton PC, Rae S. Current levels of gonadal
irradiation from a selection of routine diagnostic X-ray examinations
in Great Britain. National Radiological Protection Board, Harwell
(UK), 1980.

44.Moore C, Heeckt P. Reducing radiation risk in orthopaedic trauma
surgery. Bone Joint Sci;2011;2(7).

45. Engel-Hills P. Radiation protection in medical imaging. Radiography
2006;12(2):153-60.

46.Karami V. Report a concern. Tehran Univ Med J 2015;73(7):544.
[Persian]

47.Karami V, Zabihzadeh M. Prevalence of radiosensitive organ
shielding in patients undergoing computed tomography examinations:
an observational service audit in Ahvaz, Iran. Asian Biomed J
2015;9(6):771-5.

48.Task Group on Control of Radiation Dose in Computed Tomography.
Managing patient dose in computed tomography. A report of the
International Commission on Radiological Protection. Ann ICRP
2000;30(4):7-45.

49.Berrington de Gonzalez A, Mahesh M, Kim KP, Bhargavan M,
Lewis R, Mettler F, et al. Projected cancer risks from computed
tomographic scans performed in the United States in 2007. Arch
Intern Med 2009;169(22):2071-7.

50. Brenner DJ, Doll R, Goodhead DT, Hall EJ, Land CE, Little JB, et
al. Cancer risks attributable to low doses of ionizing radiation:
assessing what we really know. Proc Natl Acad Sci U S A
2003;100(24):13761-6.

51. Eisenberg MJ, Afilalo J, Lawler PR, Abrahamowicz M, Richard H,
Pilote L. Cancer risk related to low-dose ionizing radiation from
cardiac imaging in patients after acute myocardial infarction. CMAJ
2011;183(4):430-6.

52. Willis CE, Slovis TL. The ALARA concept in pediatric CR and
DR: dose reduction in pediatric radiographic exams: a white paper
conference executive summary. Pediatr Radiol 2004;34:S162-S4.

53.Karami V, Zabihzadeh M, Gilavand A, Shams N. Survey of the use
of X-ray beam collimator and shielding tools during infant chest
radiography. Int J Pediatr 2016;4(4):1637-42.

54.Bailey E, Anderson V. Syllabus on Radiography Radiation
Protection. acramento, California: Department of Health Services;
1995:46-50.

FE L FOV LY oylas VF 0,59 ) FID o i oKy poale olCiils o Ky 0dSiils alona


https://tumj.tums.ac.ir/article-1-7700-en.html

[ Downloaded from tumj.tums.ac.ir on 2026-06-24 ]

o Karami V. et al.

55.Fauber TL, Dempsey MC. X-ray field size and patient dosimetry.
Radiol Technol 2013;85(2):155-61.

56.Koernig KJ. The effect of collimation on image quality and
radiation safety in digital radiography of small animals. [Thesis]
Alabama, United States: Auburn University; 2013.

57.Zetterberg LG, Espeland A. Lumbar spine radiography: poor
collimation practices after implementation of digital technology. Br
J Radiol 2011;84(1002):566-9.

58.Curtis JR. Computed tomography shielding methods: a literature
review. Radiol Technol 2010;81(5):428-36.

59.Raissaki MT. Pediatric radiation protection. Europ Radiol Suppl
2004;14(1):74-83.

60. Frantzen MJ, Robben S, Postma AA, Zoetelief J, Wildberger JE,
Kemerink GJ. Gonad shielding in paediatric pelvic radiography:
disadvantages prevail over benefit. Insights Imaging 2012;3(1):23-32.

61.Knight SP. A paediatric X-ray exposure chart. J Med Radiat Sci
2014;61(3):191-201.

Tehran Univ Med J (TUMJ) 2016 October, 74(7):457-66

http://tumj.tums.ac.ir

62.Frank ED, Long BW, Smith BJ. Merrill's Atlas Of Radiographic
Positioning And Procedures. 12" ed. St. Louis, Mo.: Elsevier
Mosby; 2012.

63. Curry TS III, Dowdey JE, Murry RC Jr. Christensen's Physics of
Diagnostic Radiology. 4" ed. Philadelphia, PA: Lea & Febiger:
1990. P. 61-9.

64. Brenner DJ. Minimising medically unwarranted computed tomography
scans. Ann ICRP 2012;41(3-4):161-9.

65. Quinn AD, Taylor CG, Sabharwal T, Sikdar T. Radiation protection
awareness in non-radiologists. Br J Radiol 1997;70:102-6.

66. Miglioretti DL, Johnson E, Williams A, Greenlee RT, Weinmann S,
Solberg LI, et al. The use of computed tomography in pediatrics
and the associated radiation exposure and estimated cancer risk.
JAMA Pediatr 2013;167(8):700-7.

67.Mettler F, Huda W, Yoshizumi T, Mahesh M. Effective doses in
radiology and diagnostic nuclear medicine: a catalog. Radiology
2008;248(1):254.


https://tumj.tums.ac.ir/article-1-7700-en.html

[ Downloaded from tumj.tums.ac.ir on 2026-06-24 ]

monthly

I [ ] ] v I | Tehran University Medical Journal, October 2016, Vol. 74, No. 7: 457-466 Review Article

Review on radiation protection in diagnostic radiology

Vahid Karami M.Sc.!
Mansour Zabihzadeh Ph.D.12*

1- Department of Medical Physics,
Student Research Committee,
School of Medicine, Ahvaz Jun-
dishapur University of Medical
Sciences, Ahvaz, Iran.

2- Department of Clinical Oncolo-
gV, Golestan Hospital, Ahvaz Jun-
dishapur University of Medical
Sciences, Ahvaz, Iran.

* Corresponding author: Department of
Medical Physics, School of Medicine,
Ahvaz Jundishapur University of Medi-
cal Sciences, Golestan Blvd., Ahvaz
61357-33118, Iran.

Tel: +98 61 33332066

E-mail: manzabih@gmail.com

Abstract Received: 29 May 2016  Revised: 05 Dec. 2016 ~ Accepted: 18 Dec. 2016  Available online: 19 Dec. 2016

Discovery of x-ray and using of it for medical imaging have produced tremendous
outcomes for diagnosis and treatment of diseases. More than 10 million diagnostic radio-
logical procedures and 100,000 nuclear medicine exams are being performed daily around
the world. According to the national commission on radiological protection and meas-
urements (NCRP)-report 160, medical x-ray is contribute to approximately 95% of all
radiological examinations that is responsible for 74% of the collective dose to the US
population. Despite of unique benefits of ionizing radiations, in the field of radiation pro-
tection, they are associated with potential risks such as cancer and genetically abnormali-
ties. The cancer risk attributable to diagnostic radiology is estimated about 0.6% to 3%. It
is estimated that the radiation dose from diagnostic x-ray procedures are annually respon-
sible for 7,587 and 5,695 cases of radiation induced cancer in the population of Japan and
US, respectively. Although the radiation dose associated with most radiological proce-
dures are very low, but rapid increasing use of radiography procedures during two past
decades have been concerned due to the cancer risk associated with ionizing radiations.
On the base of linear no-threshold (LNT) model of dose-response curve, any level of
exposure is dangerous. Deoxyribonucleic acid (DNA) is the main target of ionizing ra-
diation. For radiological exposure with low dose, the stochastic effects such as genetic
damages and leukemia are concerned. According to the recommendations of the radiation
protection regulatory organizations, radiological procedure must be done with respect to
social and economic factors in which exposure of patient and population kept as low as
reasonable and achievable. Hence, prescription of a radiological test is acceptable only
when its advantages are higher than its damages. Optimizing the different parameters
such as: collimating the primary beam field to the area of diagnostic interest, exposure
conditions (high kVp and low mAs), projections, exposure time and shielding can reduce
the patients' exposure besides the saving of image quality. Following the radiation protec-

tion guidelines can considerably decrease the exposure risks.
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