Journal of North Khorasan
University of Medical Sciences S? it
No 66, Volume 17, Issue 2
Original Article

Assessment of Radiation Dose Received by Orthopedic and Spine Operating
Room Personnel during C-Arm Use Using Experimental Methods and Monte
Carlo Simulation

Mohammadreza Zamani'“*, Hossein Khosravi? “*, Behzad Imani***', Roya Najafi
Vosoogh+*, Alireza Abdi’

' MSc Student of Operating Room, Student Research Committee, Hamadan University of Medical
Sciences, Hamadan, Iran

2 Associate Professor, Department of Radiology, Faculty of Paramedicine, Hamadan University of
Medical Sciences, Hamadan, Iran

3 Associate Professor, Department of Operating Room, Faculty of Paramedicine, Hamadan University
of Medical Sciences, Hamadan, Iran

4 Assistant Professor, Health Sciences Research Center, Hamadan University of Medical Sciences,
Hamadan, Iran

*Corresponding author: Hossein Khosravi, Department of Radiology, Faculty of Paramedicine,
Hamadan University of Medical Sciences, Hamadan, Iran. E-mail: hkhosravi55@gmail.com

DOI: 10.32592/nkums.17.2.75

How to Cite this Article:
Zamani M, Khosravi H, Imani B, Najafi Vosoogh R, Abdi A. Assessment of Radiation Dose Received by
Orthopedic and Spine Operating Room Personnel during C-Arm Use Using Experimental Methods and

Monte Carlo Simulation. ] North Khorasan Univ Med Sci. 2025;17(2):75-82. DOI: 10.32592/nkums.17.2.75

Received: 02 November 2024
Accepted: 31 December 2024
Keywords:

Fluoroscopy

Monte Carlo Method
Orthopedics
Neurosurgery

Radiation

Abstract

Introduction: Due to increasing use of C-arm in surgeries, personnel are
exposed to a greater risk of radiation. Accurate assessment of the dose received
during various surgeries is one of the most important measures to prevent
radiation-related complications. This study aimed to evaluate the dose received
by operating room staff in orthopedic and spinal surgeries while using the C-
arm device utilizing experimental methods and Monte Carlo simulation.
Method: This cross-sectional study was conducted from September to February
2023. To record the absorbed dose, TLD 100 dosimeters were used, and instead
of humans, phantoms were utilized. The dosimeter was placed on the thyroid
of the phantom. The phantoms were positioned both behind and in front of a
lead wall at three locations: right, center, and left. The C-arm device was used
to simulate orthopedic and neurosurgery procedures in both anteroposterior
and lateral positions. Data analysis was performed using SPSS software (version
24), with a significance level set at 0.05 for the tests.

Results: The absorbed dose for the phantoms positioned behind the lead wall
was significantly lower than that in front of the wall (P<0.05). When the phantom
was in front of the wall, it received a higher dose in the lateral position of the
C-arm, compared to the anteroposterior position (P<0.05). Additionally, when
the phantom was placed behind the lead wall in the center and left positions, it
received a higher dose in the anteroposterior position of the C-arm, compared
to the lateral position (P<0.05).

Conclusion: The results of this study indicated a significant impact of the C-arm
device's position, as well as the use of protective equipment on the dose
received by operating room personnel during orthopedic and neurosurgical
procedures. It emphasizes the importance of using appropriate shields when
working with the C-arm.

[ Downloaded from journal.nkums.ac.ir on 2026-01-08 ]

Copyright © 2025 The Author(s); Published by Journal of North Khorasan University of Medical Sciences. This is an open access article, distributed
under the terms of the Creative Commons Attribution-NonCommercial 4.0 International License (http://creativecommons.org/licenses /by-nc/4.0/)
which permits others to copy and redistribute material just in noncommercial usages, provided the original work is properly cited.


https://crossmark.crossref.org/dialog/?doi=10.32592/nkums.17.2.75&domain=pdf
https://dx.doi.org/10.32592/nkums.17.2.75
https://dx.doi.org/10.32592/nkums.17.2.75
https://orcid.org/0009-0006-3319-4376
https://orcid.org/0000-0003-2966-1374
https://orcid.org/0000-0002-1544-8196
https://orcid.org/0000-0003-2871-5748
https://orcid.org/0000-0001-8035-0956
http://journal.nkums.ac.ir/article-1-3222-fa.html

i o ool o (oK 3 ol oS oo

I S? I VP sl F ol Y 0,90

3 00lait (> O 330 {ygiw g G 9T S0 GO Jiws 53 (B 30 399 fwe L)
o340 S g0 (5 lwdmm g (9 35 SV gy 31 00! b C-arm olwd

‘e Lojple o Tags i by, o Tl sl Mg e o Glej Lo jaerme

Sl eolied clan (S psle oliils ¢ pgmiils Sl aieS ¢ Jas U1 o)) ol 15 ggmiils |
Olnl colaes (laen (S pole olKasls ( (Stplm 0aSails «s3glmol; 09,5 Lusle”

Sl eolod cloans S pole olKils ¢ Sy ey 00SCaINS o fos 31 09,5 ¢ Lotils T

Al eolied (s S pole olKisls  ciilags pele iz 55 0 Loliul”

ool olpl oloen claen S pale olKiils ( Sl 0aSils (g550900]5 05,5 ((Gg S ppend 1 ghmnd Ol g
hkhosravi55@gmail.com

DOI: 10.32592/nkums.17.2.75

oauS  VEYIANY rdl o g6

8L, 598 e b sl ks sl s 5 y3 it (LSS e >l o C-arm )l eslital 5 S b ideade VTV ik &6
B3 550 Gl b)) Bua b adllas fpl ol gy s (5)lse 3l (6 n Kty (sl e DLlA3l 51 S iz sla ol jo
g Siluterd 5 (275 S s, 5l s S0t b Crarm olfiws jloslital (> D18 g 5 G55l s ee BB Jo

o plosl S Eha

S5l
5 TLD 100 jioy590 31 coriz 590 b gl b plowl VE-¥ wiial b o 51 a5 Gl sabaio (glaallln casllias ol 115 o) >

gaals 5 55lg

&7 908
JET L

S5 e b,

W 50 (2 )90 ol 0 pb g Sudy y3 e daiNge 28518 Vge 0T (59 Sherjed b esliiul Vga 5l Gl (sl 4
—oo M8 Candg 55 )0 (657958 5 ) S siluand sl Cramm oliws 5 w85 18 g b el S
b 4z S a1 ofe bygesl (g iolins prans o ol Y ol ol spol 5 o0l b Uoesls Julos 28,8 1,5 1,2l 5 il
(P<O/05) 392 )l sl oandg I 208 (5 line psbody (o Jlgnd oty Condg 3 Lai¥ge (i 95 (IS psboas ilaadly
omizad (P<O/05) wiS' o bl yo gils— olad 4y coens C-arm 1) el )0 (65t 590 il lgis (sol> 5¥g0 a5 oK
<l JId 4 e Crarm - a8 Sl s (5528 550 Bl o 5 dawg Cen 53 (e s Sty Y50 85 el
(P<0/05) o35 o

2 itle Sligas 3l esliiul paimes g C-am olSitws Cuxdge pKedar il oumoplis adlae ol gl 16 S as
e caslin slabidlons 5l oolitul comal 5 5 Conl (62 w955 5 G55l Sl lz )0 des GBI sy (8L 599 Ol
5y oSG C-arm b 8

4oddo

[ Downloaded from journal.nkums.ac.ir on 2026-01-08 ]

C- o5 fo] QS o b0 |y andl Glie o s o5 0l e
Iy oGl ol ool 4 a5 cul o9Kwg,eld oKiws £ arm
3 g S cdlys sl asl )l B8 5 ST pglal b ass
¥yl il Jo palsS alesl o)) sl 5l (S

LVl a5 oo ool lo StaSls oo (ygmmladd
gy Wlg oo 95 (65,0 9 Sl il (5o b rnlisie (S0l anl
oFs e o 5l IAL ass jee T gy 5l L oss i il

\t4

5 Shn G5PESS 0 pSedsr gled iy 3l gladle o
axdl b (o95ug,eld oliws aile (5500 y gl Dljpos 5l oolain!
O 9 05l sroje 10 ohsas da >l r j0 bl (eSO
S DT el ond yomie lapleys cuiS 5 cds il 4 «lyas
380 b3l sl Ol 8 gt (i 50 00 S jebody o 9K ygld
L;Lm_ib& 3 u“r‘-“*S $ ‘J.':JQCU‘ .[\‘ ‘Y] bjusc oolaw! C?‘]a"" 9 )L..‘>Lu
Jos e @Syl sngl Gla ol 0 exlieS
olas oligss A IF] 0,8 o )8 eolitul 5yp0 (il i

Gl 4 (Soy aad dw i ne)l gl a5 wes


https://dx.doi.org/10.32592/nkums.17.2.75
https://orcid.org/0009-0006-3319-4376
https://orcid.org/0000-0003-2966-1374
https://orcid.org/0000-0002-1544-8196
https://orcid.org/0000-0003-2871-5748
https://orcid.org/0000-0001-8035-0956
http://journal.nkums.ac.ir/article-1-3222-fa.html

[ Downloaded from journal.nkums.ac.ir on 2026-01-08 ]

ohses ¢ Sboj

Cewd (Al Llps )3 (8L 590 w5l e Sy 4 b s
GBI oy (Bby0 590 Olime byl S b adlllas ol oily
L C-arm olKiws jl oolaiw! > D18 gt 5 gl o fos
@S b el 5 Cige g3l 5 225 slasby, 3l s So e
ol Sgre 5 5 P50 (Bl sla )l dnwgs 4 Wil oo Brdod
b ol sl jlaibiwl Ul 4y 5 098 o Joo GUT 55 oy

A5 SeS (Sbp slblaows 4o

SLEEIY

il B g 5l a5 Sl grhaiom gloanlive dalllas og5 anlllas ol
5 oy S plod .cowl ous ‘abu] Ol s lw,len ;0 VF-Y
élﬁ RUHR W LS)L.JA........: 5.!)[5 Cdge gy 4 (2,70 ogud skl
MBles s Jimes T-Test osoil 5l abgye slag2p b
).EJ B RN Lmu}aj 6)L)L;M CJQ...J 0 oolawl Y L)“"L)“"u:"«)“’l
Calys Sl 5 g s | cule, jokie 4 [1V] ws ad s
A oolawl asdllas ol o §¥ge 5l Ll sl 4 ie axil

U5 a sl -+ S 5 aisg s 5,01 (51 s a3V oo
b oSy alold 5 yie ile O lag] pier 90 oy alols a8 axisls
5¥se (b 28 ()8 (Silotnd Glp 05 o sle TP ot
Ol 5o axd)S I8 e il Ve el )l b (Serdly sl Jane s,
Genoray Oscar classic C-ARM Jae C-arm ol5iws 3l caxlllas
Ghyls asdlas cpl jo oadoslatwl oy I o colaiwl (o 5 cxlu)
o Calbes a5 Cenl gl )] e 5l YAD g Job e Olw V- F
el o) 5o adio oS Lo 36109 s e ¥ ] 50 solatuls e
il e VIV glas)l g e PIF oy e FIO Job 4y (golal s
sl G615 (Ssles 2ol a5 N S o 1y o] 5 ads wlsse oS
Jeb @lls Jos GGl o ol cov () JSK8) oS o canline
ooy s 5 QT 1 oS 091 i il B0 (Bpe g pe gl Ve
30 o2 1i¥ee b a8 S a3 o ladigel den glp e gble A
25 013 et dolb b oy s Gslr oo 5 ity
5085 5l gy slwYA aloli b lass o g dang el Coas dus
Jolis a5 ael s 4 09,5 1o sl Clo ds ams p0 oS 0d )5 13
Lylys gileans oy LiYge .conl Hlas C g lawg cenly Coons
Gt lp C-arm oKiws .ocuslas s Lasl=e AJ;G&
95 Al (S Candg 90 50 Gz msys 5 s sl
Cardg 40 4L SO oubaas cl> aw 5l Sy 9wl ool 18 1)
el s 4y lises IV Y Egoza S

Yy

O e 3 0uSTn lagin g B Ve B G
5 Carm (5,515 o5 4 ouiSly lagiy e [F] wigi e
doe 361 Jroy 5 ool V] o)l (S o2l 550 e
Slagin g %S (o0 )l Sl andl paliias s (B yx0 )3 O
b slagin B > B I8 ol e gl b ouSTy
wols plos! lanllhae o)) Kan 5 oo yiwls Yo+ 0 Lo ,o [4] axien
1yt Gl 4] Jlas 50 gayg )l ol > ols o lis &S
slagin S Yok glamlz ool el Jds & (> ol
o] oS oo il 1y sob; asST,

A b Py 5o i baw 5 adgnl wdlize laphsil o )
cle & sy 6Pl Slapsien)lS 51wy Ad [1N] W)l
O en g oyolly 45" (slanlllas ;o [) Y] conl ansl b SV 5,95 5
che 00 o dw Gl gand (gl pV/A Lilidl wisly plxil
Ob5 b dmslie )3 Bliwds (oyme p3 (35 )13 Lo 4 o5 gl
i smoe VY] ol ons 135 alis 8155 5 s j0 (21050l
S als el s cl Gliin slagin & el slacdly 5l (S
Slidos [VF Ve ] call 550 b ol @lagsp st Lb)lse
oy 295wg,els 5l wly S a4 (a5 a5 I wlesls lis
o ol ol 4 oKy ol sl laylas g (5 jlee iy o
slasw ), 5l el SO .[\a] ol oz oslo bigel
sobdy axdl b oys 0 50 Seal OIS Cule ) a5 0l aseine W)
ol Bigel slroygs 1 o ps PO g el Culey oS 5 pumo
Blas Jgol a1 o] 5l aoys £ g wis,S a8 18 Sladads plp o
id,8 o o0l o pu dn i L] 5l a0 A8 Laing o5T e
20,5 o ookl ese0 b (guuSg i S i 5l aS (gl 8l slass Ll
[#] 5 oS5 sl

Jelge i o wlyigon Ja G155 iy 380 330 olieo
3lalsld 5 olws l eolainl by o >l goi ales 3l alises
C-arm olSiws 3l oolatwl (oyind 4 dazgi b 0,8 )18 ol e
ol as b Gl sl vl el e iy (5850 590 e
oolaiwl pae by ol o 8L ,0 390 ial3dl F1g conl did jlas e4
Gial33l o o £885 Jloim il gty Sl iile bilis g 5l
dogiy 2l 5l s pSin lp e SIS 28 walss
ole 9 335 bl enlpli el (3863 595 Glie polie S5
O RalS sl lie sl (g B el (55952 W90 0
o, leslawl dwl,y ol jo ol &ll w5 codlw 5l cbslas g
9 died 08 5,0l lgieas Monte Carlo oI5 coge (ojlwans

S5 Loy il 0 o ligr Sloilb Judow 5 g3l ]oe sl 38


http://journal.nkums.ac.ir/article-1-3222-fa.html

[ Downloaded from journal.nkums.ac.ir on 2026-01-08 ]

VP F Ll oY oylods AY 0,90 ¢ Jlous Ll S pale oKL aloxo

220 145
Iy 328
. .
.
167 -~ ® 200
\4.5.
e >
vm  H:56 300
245 @
300

AP

220

-110®
H:110 300

Lateral

sl B0 sk e ile Yoo ol 0o el e sile s olasl plos a5 ] 55 5 W3Yse ¢lens colfius (6,55 Slaie 5 Jas 361 5 (Sl b ) S5
g alold H e il Yo b sl ol a5 o jlge0 5l 5¥ 50 alold B e il YA L sl ol a8 50085 5l 5V50 90 alols :A o jls e haws 51 lis )| yia Gl A0 5 o0
o) g ) Cearm oo assl adgs

5b Cou b 03,5 igase | aslllas ol gl b asl ailas semg
l5iss IS 5 3ol plosl Jsb o (GBS a5l (ian 0 )13
39 olays 5ol g lhlew 51 el Sluil gd axisl il pl8s C-arm
ezt Xy, £9d90 (nl 5l Qlirebl 5l (g g arBL Bl 90> 3L
e (b

ol a8 355 b wyl Al e ¥ gjlaad sl S Cige oS o
s cdimoolid olfiws iw,liel g OIS Gy yas olge iy pas
o ol Sagill glaure lgl S iz (3loaned sl adloo
(ORNL s 56 5 )5 s lsbeas] slapgisls Lols MCNPX a5) Ll
L pgls ol [YA]ws oslizul Phantom - Female & Male)
S 8> 5 olers oloSy (Sl sleplal alas YU cds
[ra] (v Uss) asS oo sjloans |, cdb o oolazs]

aS el [N addllae pl jo oadiplosl (gilwans jo Uas liee
Sl sl GalS (sl cipmiman el S5 J5 e (5o ol
Energycutoff (10 Kev) ssle ooy (il yls (20lS sloSusS )
oaliil gy Sy wile (bl Comozr U35 p (e slaUis) 5
Sply gdeeds JBlas gilwans cpl o O3 slaws ol sl

) Cige 50 oaligiluand Vs ¥ K

YA

@l 5l liebl sl K0S 5l ole S alold @ g 5L g0 iulejl !
a3 F0 2l Cou 4 Cad gy Hles 6525 )1,8 sl el
Wl )I)S L_‘?Q‘L,_t_‘a'nbé C/.Mﬁ 3o C-arm oKiwo aS Gn&b Oy
anil oy ae alold ccasls J13 I consy o C-arm oliws
Slaize § i OlSie a5 0g e gble YO oy Hls )
waseia VS (o @Bl o Crarm olKiws g (o Hles (6,513
o5 Cige (g3lwand jo by ol )l o Wojlail cpl plod ¢ yuioran .ol
8,5 108 eolazwl 0,90
(TLD  jrey390 5l 3¥g0 lawgs 8L, 590 (5,Sojlal jslaie a
Bicron STI/Harshaw, )(Thermoluminescent Dosimeter
Al oolazwl ol 13 5¥ge 18 09,5 (53, 45 (Solon, Ohio)
5 (ECF Element Correction Factor) kaily mowal ol
Reader (RCF) loaslj oamiSedl 3 olKiws gl pdlS ol o
oddonilgs polie 10 wa s 90 ol Jles! g Calibration Factor
s )8 8 eolatwl 0,0 b TLD lawgs
slasy C-arm oSws JI o 8- colad glacaass 1 plas o 5o
5 el b (g Jlps Sty 53 K03 da dn g gl 50 Vg0 S0 A
sLTLD uSJ/Jb S99y a5 ol ools )l)§ 0a,S'd Slaise
a5 ol 00,id axdl Jlay LY Candg o 0 0l Cal oadg 55 aS
5 0Ly Ol 5l Grizmen g coll oBiws wledas ol sles o
Sb s 5l e s eolatul dse (sl (- AmA, 47 kvp) LSS 5L
G651 by LTLD (1, 5 als— olad Condg 90,2 50 ioles]
abgs e 35 e 4 Glalojl ol plosil 5l (g Ceels FA (sl 1 JIS
LTLD ilss 5l Jol> gl cyoal cans a5l o o oo Jlo)|
ol ieleil ol WTLD les alouy & b w35 e 13
24 1580 05 0,13 LTLD jisles 5 oael Cows & olael ales 044 ) S5
o oolawl choi k.S)LJ Jeloss g
361 aS 04 plosl olKom iolosl b yp a5 0l dx g5 dalllas ol jo
AuS oolaiwl axdl I Hlojen a5 >l s g 00g Jd e Jos


http://journal.nkums.ac.ir/article-1-3222-fa.html

[ Downloaded from journal.nkums.ac.ir on 2026-01-08 ]

ohses ¢ Sboj

235 plonl anslie 55 IS Cige 5 (925 gy w9 e
dslie gz T-Test g03] @l Guizeos 5 15 Sise (g3luads
odds oI55 Y 9V Jgaz 10 e I VY Gl plaS s (sl g0 o)
b 9o anlllae cpleyT gl ol cavody g andllas plosl 5l o ol
wlie 1 (gin (5 93 gl oS 08 LSS alie SlS Ll 2 L S0
sl asdo s sl Cwods gl jo (5 loliae gles g g5 gl (6 s

P>l 0) cilas Sg2g das (G 90 b

sl
Lgryo sloaidl g oy laaidl (i 5o ;0 dalllae slaatdl s mls
b oadlas ol jo ol aaS oS jeblan 00 5 oo ) addllas ans 8 o
(Coly 5 Loy e Com s )3 a0 gl b Saiy) Y90 oSGl 4y a2 g8
U 5 il lsh (slacndy ) S o sly e o 7
plos S oo sbul Sl VY ggemme j3 a5 8 ls 3925 C-arm olSiws
odls (gilwand o S Cige oS 1o 028 by, ,0 eud ol CIl>- VY

il glacdl )3 Vge (232 90 amlie ) Jguar

P ke I Sl g0 Cosd
T-Test eSiloo £ ylure Bl 0l o ereSilan & jlamo Bl ! A
/-1 Y/va- £/ %) Y/VY £ /- 5V #*C-arm(AP) ¢ 130 Cowly Coons g gl 1)l
AT Y/5f- £ -/ %0 Y/0- £ /%0 C-arm(AP) ¢ lgp0 lawsg Coons g gl Y >
VAR VAN E-RYAVN \VARE RV ¥4 C-arm(AP) I35 o Caow g 5> ¥ Sl
/-2 DAYS RV ¢4 ARE-RVAS C-arm(AP) « )55 el ) Coms g ity :F >
VARE VAERYA S JovE -/ C-arm(AP) ¢330 by Cooms g a0 Sl
</AY JEAE [0 VAL ERIEIN C-arm(AP) ¢lg0 i Caoms 5 Cuiy F Il
YAna Y/ A% /-0 v/ -/-98 ##%Carm(LAT) «jlgss Coly Cao g gl ¥ >
ARYY V/$e £ [-00 v/ov -/ C-arm(LAT) «lg35 Loy Cooms g gl A >
/¥ Y/ V£ /80 Y/YEt-/-00 C-arm(LAT) (s o Cooms g gl 14 >
/-y VAR Ry A ¢4 VARV C-arm(LAT) «lgs0 ol Coonn g oty 1)+ Sl
AR+ VARE VAN ARV, C-arm(LAT) ol53 Ly caos 5 oy 1)) Sl
VAR NINE RV VAT RYAA N C-arm(LAT) ¢ )38 o oo 5 iy VY >
Oilosl )b aws 51 ey WTLD (28l 50 550 Jlade (pSilo #
Anteroposterior s
Lateral seses

C-amm Gl slogrtajo 55 Vs (237 599 Ol amlin ¥ Jogur

P jlodie- JIA - ol8 e s
T-Test xSl jlone il Sl jlone Gl P St
<efee V/-N £ /a8 AARE-RYAS 4 S5 B9y s Canly Coons g gl
<efee ISRV Y/o- & -/-¥0 7 b9y g Jawy Caows g gl
<efee VXS £/ 00 \VARE RVA¥4 ¢ 7S Gy e e o g gl
s VAL RVASS YARE VA % ST 9y g Cansly Coms 5 iy
<efee VARV VINERYEA I 75 B9y ol bawg Coon g Cuy
o f NATERYAA TN JEvE /o0 T by e e e g Sy
<efee) Y/AE-[-00 Y/vat-/-f) Sl by 60 Conly Coons g ol
<efee V/$e £ [-00 \Via &RV Silodcds gy ¢l Ly Coonw g gl
<efee) VY% -/8) \AVE RYRYN' Silvdd by, ¢lpd e Caown g gl
/.oy VARERYAvd VAV RV 4 Sildd hg,y lgd Sy o 5 oty
of- 8 DARE RV VRNV Silwdds gyl Ly o g oy
-/¥f4 NAERIAN NATERYEIN Silodand g, )30 o Cooms 5 ok

ety o 5 300 Lansy o 5 5l s Cal) o 3 5l
ooy om T-Test aejl Gub (5 lobine olss g0 ol oo g
o Sl 1335005 352 )5 Sige (giluand (B9, b (228
Dglis (5 ,lel Bl 51 ) 5 ige (glotnns o9, b (025 by O
S G Lo g gl > 0 a5 (g sbas 0)ls gy (5loline
995345 (Jbo p3 sl S (giluanet 09 )5 55 (8L )3 j9o jlade
Slade g o G g Sy Sl g 5900 Lag Cons g iy >

bl on yiin (§lednd 09,5 45 (L) 599
5 sl Sslz )0 bi¥se (F Jooz) anlllas (ol gl & azgi b

va

Bl elad g gaygi )l U1 (gilednd gz adllae ol 5o
g oS ol las aslllas oyl ol ol 48,8 La o C-arm oliws
03931 ek (gtpme 51320 Ly Caons gl 5 ey s gl 2> g0
Cige (Gilwand gy b 228 gy O 6lolie glas T-Test
8L 590 slade (giluands 09,8 ;0 aS (5 sk w,ls 252y o5
b 228 Ghey O oboliae Sgles Koo > jlez jo Lol 09 i

OV Jguz) Sl S92 o) )1 Cige (gilaaned s,
5o Crarm oSews I Coxdy 652 9,88 QBT 6 3lodends S
Sl 3 355 e sanlie | Sy 5 o5 polon it 4585 s


http://journal.nkums.ac.ir/article-1-3222-fa.html

[ Downloaded from journal.nkums.ac.ir on 2026-01-08 ]

7/34+0/051

BIE e Craws
C-arm(Lat) “u=ay C-arm(Lat) Cueas C-arm(Lat) Cuzias C-arm(AP) Cumas C-arm(AP) Cuzas C-arm(AP) o
BIETSIELEY

VP F Ll oY oylods AY 0,90 ¢ Jlous Ll S pale oKL aloxo

@75 gy WS o Dl (pl bt (0525 g, i 35 (5l
Sl 7S ylobae jobay gy Jled Sy Candg jo Yse (i
(T 9 \ )lé}o.") (P<’/’ .. \) Ogs )19.‘\.\ 65J.’> ms

@37 350 Oliee bl jsbay Crarm oliws JIpd condy 5
o lie j3) oS 8L s (Al ol Cundg 4 s i
Ol &5 (A8 (gSe @l 85 S8 oy s Sty )3 aiYse oS
ST e g Cedy Condy g s Lawg g Sy Zandg 50 sl Dol

Al by, 5o Jhd g Al elad Y aslie oy ol lgs

8
7/530/05 7/01+0/098
7
6
j'n
5 4
=
2
4 N
-
o)
2/50+0/035 9
* 2/22+0/047 %
1/90+0/062 =
2 &
+
028167625 0/21£0/03 0/22£0/04 0/47+0/05 0153201085 10 /300/07 1
[ | [ ] _— - - [ | 0

Ol g dan g Cran Ol gy Gl y Crans

Wl Gy

¢l e Crans

¢l g Jas g Craw Ol gy Gl Cras

@7 B9 5° sty g sl 9 Sty SYse Slevert (il s 595 (0Kl A l0gei

7/07+0/061 7/60+0/055
7/08+0/055

0/52+0/045 0/41+0/045
| - [

‘)\ﬁ_‘..k.ujsl\m 5)\ﬁJ~LL..n\)L\A..u

LJ\ﬁJ\Tl?\L\M

0/30+0/036

1/97+0/087

LJ\ﬁJ\Tl?\L\M

0/48+0/050

Sl

I

Sv) @gb)o 399 ¢

2/64+0/045
7 4 2/39+0/041

N

+ 1
0/61£0/045 0/38+0/036

L] -,

5)\5_J.J.LL.~MJ\L\M 5)\ﬁJ~LL..n\)L\A..u

C-arm(Lat) <w==C-arm(Lat) <w=a5C-arm(Lat) <u=a5C-arm(AP) a5 C-arm(AP) —uzas C-arm(AP) cuma s

W) Oy

Dl sla

Sl (g 50 (o )l gl 5 Sy Y50 (SV) (L0 550 (eSilea :Y Hl0g0d

Jrvyy o5 ol )5 Cige bg, bawg (Ligsluand <> L
IR Glod g g bawg canl) oo as 10) oy Sl sl 5 ooy

bl oo %55 o0
ot G Sy (s 350 ol o5 ol s el o) slocdl
Sy Pl 5l as Gloy nsiyl 9 Gz mss sl 5o
599 9 wabior STyl oy 355 00 (2 slees wiile (tladlre

-
e IS g oolinal Jee Gl 5 (95,5l 5l &S AT
ook 5l ouiSTy (slagiy S (o0 )13 0aiSTy Slagin oyme 50
BBl 5o Sliges 5 Gl S8l (o b sl 95 Jolus
axdl 28l 590 lime b, adllas cpl Ban aigd oo slbxy s
o] awslio g JI,d g als— lud cuxsg 9o 0 C-arm olKws


http://journal.nkums.ac.ir/article-1-3222-fa.html

[ Downloaded from journal.nkums.ac.ir on 2026-01-08 ]

ohses ¢ Sboj

botisai b iy Sldlas plosl copiman il €5 (s i
5 By 59 3l e Sy 4 Wlge Sesie Lulyd g 35 )n
IS S iblis gla,Sal,

& 5 4
C-arm olKiws Cundye ax g5 b 5 onimoplis adlllas ol gulis
5 sl ol 5o Joo GBI Jwpn (8653 590 (lie 2
S0 sl Vgo 65518 Sl 10 a5 (5 5k il s (52 pwgye8
oS Condg & Cons Crarm 1 Sundg 5 (8L 55 95 ¢ o
o ety Yoo 658 Sl o5 i (g )bl by il
JA cdl gl iy Gl pelad conds o (8L 50w
99l 5o sl @5e 9 G aly JoIo 4 Wl e £9890 nl Eun
Condge g oliiwd oo (elald Cueal saiaslis &S wll Sunsg
P S axgi siejls g wdbiee Joo GBI )3 iy g Gl
S laatily «ppizman ool blis glo [S5gy ozl 5 b
axil odx 590 Jole alS 4 e gy e a5 cwl ol
5 eslital Cueal oS s (pl &5 Sed e HUS,S Lawgs

Syl ol e 5 caslin (sloLiblona

S o Ne
S b g ooy p Olbed (SBjy pole oBiilo )3 iyl 0l

PRV TR 3w 9 oole cim lbaw Lo 4 del B yae dmlias
W b gl ol len O 5l

S5 Pl
5 Sliisg Siglas 5l alewgind Conl (VFY-F-EYFFL) liea

oS oo 10,08 5 S5 adllas ol 5l Coles Jdoas olRiils (5,5l

lw Sl
3l o)l 4 a5 WS o anl Wi opl Batess ples

Bl 092y Gabos ol ols plal jo pased b sele ( Jbo 5l el

References

1. Rothrock JC. Alexander's care of the patient in surgery. Elsevier
Health Sciences; 2022 Jul 1. [Link]

2. Urakov TM. Practical assessment of radiation exposure in spine
surgery. World Neurosurg. 2018 7120:e752-4.
[DOI: 10.1016/j.wneu.2018.08.158] [PMID: 30172969

3. Hong SW, Kim TW, Kim JH. Radiation exposure to the back with
different types of aprons. Radiat Prot Dosimetry. 2021;193(3-
4):185-9. [DOIL: 10.1093/rpd/ncab044] [PMID: 33839791]

4. HakDJ. Radiation exposure during intramedullary nailing. Injury.
2017;48:526-9. [DOI: 10.1016/j.injury.2017.04.023]
[PMID: 28449852 ]

5. Ojodul, Ogunsemoyin A, Hopp S, Pohlemann T, Ige O, Akinola
O. C-arm fluoroscopy in orthopaedic surgical practice. Eur J

A

Cewl 00,5 3psS ICRP (jgicaS a5 a¥las 90 0o 5l Wlgs oo 0>
Olid 093 dalllas 0 Y- YY Jlo jo o Ken g Dorman .ogd i
Bl hlog 51 ST Jae BB QLS 5 say95,l ol a5 sl
€55 axdl ouiiS uy aie 5l ommslin alolb 5 9SG sslizl s
590 3,k Gl g s 0aiSTy slogi (B yre j0 Cad 4 aLib
@b pololy 1181 5g) 51,8 VLo e 590 o> 5 LSS 8L 0
Slgs Sty o5 Sloj 62 rmny8 Jee GUI QLSS 5o (o3 90
O 53 sgl oo GBI QLS Rl V51 ity 0255 )13 (o
o3 D9l liee cnl 55 P Cige (silurdnnd 50 ABlh oo Cuandy
S o 0l 1) ()28 @l 5 0sdiss

ot 558 g Bli a5 (6525 1,8 aslllan ool gl el
ssbts Slgi o 45 (5psbas 55 oSy slagiyy cdlys rals
aily 2dz 390 2l 0 iy gae 000 JBlas el lawgie
oS 3ls Hlas (VoY) Kon 5 ChOi aslllae dbial) o, il
cilys ol (malS 5 o, ¥ b YY Sb oy slablis
L] o)l oassTy slags

e (80 553 Glie a5 ol i anlllae ol @l (rizpen
Sl gad 5l 9 855 13 (o Jlps Sty (B9 QLS5 oS
3 b s Joe U1 o aiSi solisal and bbbl
2 V5 G 4 lacdl 5l an 0 Sglis ol abboo (52 pwgy98
O oBws (1l g alaly 4y aS ol T oasmo lis (ul g o oo
logyl g dwp Joe GBI QLS 4 (55t 08Ty slagy ol
slalz )3 Wb WS e I3 (o Jlms Suty &Sl pegdle
S 5 gy MaGhe wle 5t (Al Sl 5l ss )
S eolarwl

3Bt Slaianss plp 0 62513 gedge b Slalllae 25T gl
9 5l 7Sl (5803 593 Gl 45 w3 e (LA (g 9Smg ol
SaaVsb 518,513 (2)lse Jlocnll Y] sl 00 a3
B8 Ol sed D GYsb o 1) Clatats Gl ol plp o
2 il ol g Slin slagiy g [F] s ity
Lo] wsd (S5 ez 5 Jsho ol ol el D Ysh
wgi Slp @l Olsie 4 Wlgiee adllas (ol slaadl wolesy
U1 5o (el GlodSSsn ilea 5 555 (Bl sla)Sal,
@ (Floyd Sl a5 09d o0 ot 005 5 eolitul 0,50 Jes
S5 slagty, el g (o p 4 iy Codl 5l cbli> slace
g caslio 2bili g 5l ool 5 g 9 sloolEius

Orthop Surg Traumatol. 2018;28(8):1563-8.
[DOLI: 10.1007/s00590-018-2234-7] [PMID: 29796825 |

6. Al Mohammad B, Gharaibeh M, Al Alakhras M. Knowledge and
practice of radiation protection in the operating theater among
orthopedic surgeons. ] Med Imaging. 2022;9(6):066002.
[DOI: 10.1117/1.JM1.9.6.066002 ] [PMID: 36388141]

7. Phillips N, Hornacky A. Berry & Kohn's operating room
technique. Elsevier Health Sciences; 2020 Jun 23. [Link]

8. Daryoush JR, Lancaster AJ, Frandsen JJ, Gililland JM. Occupational
hazards to the joint replacement surgeon: radiation exposure. J
Arthroplasty 2022;37(8):1464-9.
[DOI: 10.1016/j.arth.2022.02.095 ] [PMID: 35247485 ]

9. Hayda RA, Hsu RY, DePasse JM, Gil JA. Radiation exposure and


https://shop.elsevier.com/books/alexanders-care-of-the-patient-in-surgery/rothrock/978-0-323-77680-6
https://doi.org/10.1016/j.wneu.2018.08.158
https://pubmed.ncbi.nlm.nih.gov/30172969/
https://doi.org/10.1093/rpd/ncab044
https://pubmed.ncbi.nlm.nih.gov/33839791/#:~:text=The%20radiation%20exposure%20with%20a,around%20type%20apron%20is%20recommended.
https://doi.org/10.1016/j.injury.2017.04.023
https://pubmed.ncbi.nlm.nih.gov/28449852/
https://doi.org/10.1007/s00590-018-2234-7
https://pubmed.ncbi.nlm.nih.gov/29796825/
https://doi.org/10.1117/1.jmi.9.6.066002
https://pubmed.ncbi.nlm.nih.gov/36388141/
https://shop.elsevier.com/books/berry-and-kohns-operating-room-technique/phillips/978-0-323-70914-9
https://doi.org/10.1016/j.arth.2022.02.095
https://pubmed.ncbi.nlm.nih.gov/35247485/
http://journal.nkums.ac.ir/article-1-3222-fa.html

[ Downloaded from journal.nkums.ac.ir on 2026-01-08 ]

10.

11.

12.

13.

14.

VP F Ll oY oylods AY 0,90 ¢ Jlous Ll S pale oKL aloxo

health risks for orthopaedic surgeons. ] Am Acad Orthop Surg.
2018;26(8):268-77. [DOL: 10.5435/JAAOS-D-16-00342]
[PMID: 29570497

Cheriachan D, Hughes AM, du Moulin WS, Williams C, Molnar
R. Ionizing radiation doses detected at the eye level of the primary
surgeon during orthopaedic procedures. J Orthop Trauma.
2016;30(7):6230-5. [DOL: 10.1097/BOT.0000000000000578]
[PMID: 27010182]

Sung KH, Jung YJ, Kwon SS, Lee GW, Chung CY, Lee KM, et al.
Performances of a protector against scattered radiation during
intraoperative use of a C-arm fluoroscope. J Radiol Prot.
2016;36(3):629-40.  [DOL: 10.1088/0952-4746/36/3/629]
[PMID:27517131]

Gowda SR, Mitchell CJ, Abouel-Enin S, Lewis C. Radiation risk
amongst orthopaedic surgeons—do we know the risk?. J Perioper
Pract. 2019;29(5):115-21. [DOL: 10.1177/1750458918785268]
[PMID:29944026 |

Valone LC, Chambers M, Lattanza L, James MA. Breast radiation
exposure in female orthopaedic surgeons. ] Bone Joint Surg
Am.2016;98(21):1808-13.  [DOI: 10.2106/JBJS.15.01167]
[PMID:27807113]

Velazquez-Kronen R, Borrego D, Gilbert ES, Miller DL, Moysich
KB, Freudenheim JL, et al. Cataract risk in US radiologic
technologists  assisting ~ with  fluoroscopically  guided
interventional procedures: a retrospective cohort study. Occup
Environ Med. 2019;76(5):317-25. [DOI: 10.1136/0emed-2018-

AY

15.

16.

17.

18.

19.

20.

105360] [PMID:30890565]

Movahedi MM, Mehdizadeh AR, Azadbakht ], Amani S.
Evaluation of radiation exposure during fluoroscopy guided
orthopaedic surgeries. Sadra Med J. 2017;5(3):141-8. [ Link|
Kaplan DJ, Patel JN, Liporace FA, Yoon RS. Intraoperative
radiation safety in orthopaedics: a review of the ALARA (As low
as reasonably achievable) principle. Patient Saf Surg. 2016;10:27.
[DOI: 10.1186/513037-016-0115-8] [PMID:27999617]

Hsu RY, Lareau CR, Kim JS, Koruprolu S, Born CT, Schiller JR.
The effect of C-arm position on radiation exposure during
fixation of pediatric supracondylar fractures of the humerus. J
Bone  Joint Surg  Am. 2014 596(15):e129.
[DOI: 10.2106/JBJS.M.01076] [PMID:25100782]

Eckerman KF, Ryman JC. External exposure to radionuclides in
air, water, and soil. Oak Ridge National Lab.; 1996. [ Link ]
Dorman T, Drever B, Plumridge S, Gregory K, Cooper M,
Roderick A, et al. Radiation dose to staff from medical X-ray
scatter in the orthopaedic theatre. Eur ] Orthop Surg Traumatol.
2023;33(7):3059-6S. [DOI: 10.1007/500590-023-03538-6]
[PMID:37004602 ]

Choi EJ, Go G, Han WK, Lee PB. Radiation exposure to the eyes
and thyroid during C-arm fluoroscopy-guided cervical epidural
injections is far below the safety limit. Korean J Pain.
2020;33(1):73-80. [DOI: 10.3344/kjp.2020.33.1.73]
[PMID: 31888321]


https://doi.org/10.5435/jaaos-d-16-00342
https://pubmed.ncbi.nlm.nih.gov/29570497/
https://doi.org/10.1097/bot.0000000000000578
https://pubmed.ncbi.nlm.nih.gov/27010182/
https://doi.org/10.1088/0952-4746/36/3/629
https://pubmed.ncbi.nlm.nih.gov/27517131/
https://doi.org/10.1177/1750458918785268
https://pubmed.ncbi.nlm.nih.gov/29944026/
https://doi.org/10.2106/jbjs.15.01167
https://pubmed.ncbi.nlm.nih.gov/27807113/
https://doi.org/10.1136/oemed-2018-105360
https://doi.org/10.1136/oemed-2018-105360
https://pubmed.ncbi.nlm.nih.gov/30890565/
https://smsj.sums.ac.ir/article_43928_en.html?lang=fa
https://doi.org/10.1186/s13037-016-0115-8
https://pubmed.ncbi.nlm.nih.gov/27999617/
https://doi.org/10.2106/jbjs.m.01076
https://pubmed.ncbi.nlm.nih.gov/25100782/
https://www.epa.gov/sites/default/files/2015-05/documents/402-r-93-081.pdf
https://doi.org/10.1007/s00590-023-03538-6
https://pubmed.ncbi.nlm.nih.gov/37004602/
https://doi.org/10.3344/kjp.2020.33.1.73
https://pubmed.ncbi.nlm.nih.gov/31888321/
http://journal.nkums.ac.ir/article-1-3222-fa.html
http://www.tcpdf.org

