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Physical Aspects and International Trends of Medical Radiation Exposure
Hee-Joung Kim, Chang-Lae Lee
Department of Radiological Science, College of Health Science, Yonsei University

= Abstract =

All medical procedures using radiation have potential risks. Therefore, physicians who use radiation
and patients should consider the potential benefits and risks altogether when they use medical imag-
ing techniques associated with radiation. The frequency of the radiation exposure which incurs within
the medical diagnostic imaging was increased due to the recent development of various imaging
modalities. Moreover, the increase in use of radiation equipment and improper medical procedures al-
so led to patient radiation exposure. Consequently, in order to reduce the medical radiation exposure,
various prevention methods such as reduction strategy and DRL (Diagnostic Reference Level) have
been introduced domestically as well as internationally. The standard unit of measure for absorbed
radiation and how the radiation exposure has been controlled domestically and internationally will be
reviewed, and then we would provide methods to protect radiation exposure from medical diagnostic
imaging procedures. Especially, we would review the units of CT which has higher dose in medical ra-
diation exposure and introduce the dose reduction techniques in CT according to each manufacturer.
Finally, we would discuss several ways to reduce the patient dose reduction in diagnostic radiology.
Hence, with the development of medical instruments and technology to reduce medical radiation ex-
posure, both broader and deeper understanding of medical radiation exposure and the transformation
of consciousness to optimization of protection in medical exposure to reduce the patient dose are nec-
essary.
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ing) % ¢AAGZE (PET, Positron Emission AN B1E % F7hE A Qe (2).

Tomography), ©®¥3A+E32] (Single Photon Emission UNSCEAR 2000234 m2W A AAZ oz AANA
Computed Tomography) o= 4% 71584 g4 Al 31571 1985~1990d ol &= 1691 3] ol A 1990~1995ﬂ°ﬂ%
(functional imaging) 222 PET/CT, SPECT/CT, 19932 F43] Z7letgal Ao s Ak Wabd AL
PET/MRI 59| §§%% (multi modality imaging) &2 v} & AAgh= S47F AzE 1999 130 At 2o Bay
= otk g HAG 53 A=A A Bl AAA A dn (3], EE 7 Aph s AP RS 21 F
O JNREHA AR o] o] TS S L glow, HAL 7ok 2 w7 B ZF 57| mEh M E vEr FH Ao
Mg ol & AW A E& F7kekal gla, o mE o5 Y OECD =7klA e $9d d2M AAE wriete 847}
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Fig. 1. Modalities in Medical Imaging
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W AFE o8 7)ol wet 10~200) 2 Aolg tEhll  BANY Bohsk okge) A AAK R R FES %
A AT (4-6). ofok #Es] = AFoekEad S At oY) f13 A3 ddo %lﬁ% ozt AAEZ7]
2007~2009\d74+] 1257] Y& tdoz =] ko) B5 - (WHO), =AgARd el €3] (ICRP), = ALA= 7]+
S5, FF T 2D T A 9 g ARE AR (TAEA), BAMI 983891 93] (UNSCEAR), PAHO (Pan
oY W 7F 59 WARA S Aol WA= 3Tl ZFel7F v American Health Organization), OECD/NEA ol <]3)
= Aow A (7). A RE ZYE g,
A elstiabe Sk oSl gk 494el & 58], OT 9z Aake & ARAA 85 5 AAeke
HEo] SAp7h vz Ao AFRES Aokl QA dot HSE Ao} FAt W AR ER A AR ofel A
Be ulES s glo)(Table 1) Sd AL 948
Table 1. Effective Radiation Doses of Radiological Examinations o] o3l ojg Ay = shtolt} (8-10). whebA CT ¥ut
Examination Effective Dose [mSv] oflg} o)au|Ed 3t Azt 71&7, HAS 9FE=
Head CT L2 AL, g ANk HAbAL W8G-S WE ek 4y
ChestCT 5-8 = = o & o 15} 2= o) o A7
Abdomen and pelvis CT 8-11 9421][-]1]. ;ﬁT’:o o= LX]'}I\_%]:E HZJ o T e H(.‘]—?‘E 7(]—_“—3_[
Diagnostic coronary angiogram 3-10 o2 2Ago} st} (11)
PA and lateral chest x-ray 0.04 - 0.06
Average annual background radiation in the US 3.6
Table 2. The Country Comparisons of Diagnostic Reference Level according to Body Part (units : mGy)
of o o
) WHO A= = = )
R IAEA NRPB NRPB NRPB EC 2 = st=
1999 2000 2005
=L PA 0.4 0.3 0.2 0.14 0.3 0.3 0.3 0.34(2008)
0.1 0.07 0.1
(5Ml2~0f)  (BMI2~o}) (5M[2~0} 2010)
LAT? 15 15 1.0 0.55 15 0.8 15 -
F AP 10 10 5.8 5.06 10 5 10 4.08 (2009)
LAT 30 30 13.8 11.2 30 15 20 12.65 (2009)
=5 AP 10 10 5.6 4.22 - 3 10 2.77 (2008)
=t AP 10 10 4.2 3.73 10 3 10 3.42 (2009)
Qldt Fat CC  1(without grid) - 2 (AGD?) - - 2 (AGD) 10 -
X-ray 3 (with grid) - - - 10 - - 1.36 (2008)
MLO - - 2(AGD) - 10 - 10 -
=5 AP 7 - - - 3.5 4 7 -
LAT 20 - - - 10 8 12 -
=5 PA 5 5 3 2.04 5 3 5 2.23
AP (2010)
LAT 3 3 15 1.34 3 2 3 1.87 (2010)
Totst ctEEA 2| 50 60 - - 60 40 60 60 (2009)
(CTDI") =5 25 35 - - 35 11 24 20 (2009)
T x| 2t 7 3.9 - - - - - 3.1(2010)
x| DX M ot 2fo} - 929 - - - - - 110.9% (2010)
M=z - - - - - - - 161.1% (2010)
A2 HE: AZO|HEQIM A, BX} AN ZE M 25} 70| =29l F|A| 2011
YPA PSR, AP: M EulEEEQ 2 LAT: SubskE Y, CC: A5 2| & A (Cranio-caudal), MLO: L 2| AF2]| & & (Medio-lateral oblique) ® AGD:
o7 MM2k(Average Glandul ose) ¥ CTDI: M AtstetE & od 7 x| 2K 28 (Computed Tomography Dose Index)

9 CHRi[mGy - o, MBS
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WHO, TAEA, ICRP & =A7|97} 3502 AR
ofel A el Bzt o] S 9Jste] TAEAYIAE 1996 TAEA
Basic Safety Standards (BSS no.115)E vhdatial (12)
2008 g1 (et WA ek 73] )
127)=0] o3t 7] CT 24 AL & Aehgabd
AP A guidance level S H.aLdk vf QlT), ol x
1995 RS RUAPAA A o] Qb vk ol whakatA] (E7
A5 A35) o] 717 ol el 19839-H 1989 WW STHE
4 oIt A=A o8 ard 3 RUAE EAE
WAL og 9] F 7S Hrksllar 20061 5 1 aE NS
QAN EAAH HrF B AFAY S Fastal 9lom =
Wl A7 gt AdaE9l(DRL, Diagnostic Reference
Level) A7g3te] Sxpd g el dS whastal o (7).

A Aol tg =9 Al E AHEY nmo A
FDA (Food and Drug Administration) ¥ oy}
CDRH (Center for Devices and Radiological Health)&
d NEXT (Nationwide Evaluation of X-ray Trends)
survey program< %93l 32139 Z- 2 FA3]of tigk 4
H}E Husta 91er (13) ACR (American College of
Radiology) ¥ w=9g&2A1§ s (AAPM, American
Association of Physicists in Medicine) Sl % I ehdA}
A AL I ESE NSk ek Gl A 19904
IPSM (Institute of Physical Sciences in Medicine) 2|
Diagnostic Radiology Topic Groupdl 2|8} Dosimetry
Working Partyg A #Hste] A% 7ts A Z2ES

o

do b
&5

ih oo r\‘ dgorlr lo ok

£

B

Table 3. Methods of Quantifying lonizing Radiation

S sl a 19929 NRPB (& Health Protection
Agency)°l4= National Collation CentreES &#3a}9]

(14, 15). ®3 A% RsH B w2y 199245 g
HPA RIAE 7508 sto] H=ghapdgd|olewo]~&

Agala 59 vl ABE ISk ATk 200738 BIA ol

= 0% 3167 B Al donne o 0o AP
A71Zo0] AAH ], 199532 Ane} v)watqdtt, A A=
A7 ] AT EZo] Holx| 3 AA|H o7 Meko| 71435}

ko g 7hA

£ A4S wglow AAEEd getae gl
3+ 731_?__15 o]0} H]% ArferEd 2 Meko] wkztele e 7]
[e]

T o1 = LB

Radiological Sc1ences) o A 4 wofol| A9 gapdE 9
RS H7F 8kAa(16) dEUe] 958 WAMT Aol o)
& nationwide surveys Taato] Q53| F 0= gk WA
ARGl tigk Mg 7EE F714 ' sk gla 2007
EHAPA7IALS A 9 E AR RS st 95T

Z ARSES FEta vk, E8) QB SFAN AA Abal
o] F o FHIALA ok | oG u]Zof| tet Aol wd &
OFHS dAdta obH S o)y e st . 5
o dupbAto} ol e SapM g 7 L WA ZEARA]
DRL % #EA 74 /fA4ste] dxM% fHels AAshal
ATt 53] AN AtHuEE 7o DRLS AL 8
o A3l E &ta ok, LEk Aubiabdwo]de DRLS
Z38 Alole I 2AE MuoR AAEE FAEaL 9o
™ DRLE Z236HA] == dxpd e #2)E S=85kal Qi
SUle]H o g oRuES A7tel] 93 wEEe] glo] &
A A2 GA7E B3 ARARD 7R AAHE o) &

International System of Units, or Sl

Method Conventional Units
Radiation exposure roentgens (R)
Absorbed dose rads (rad)

Kinetic energy released per unit mass rads (rad)
Equivalent dose rems

Effective dose

effective dose equivalent (Sv)

coulombs per kilogram (C/kg)
gray (Gy)

gray (Gy)

sievert (Sv)

sievert (Sv)

Note.— Abbreviations of the units of measure are in parentheses.

Table 4. Radiation Dosimetry Parameters

Variable Parameter Physical Equivalent Conventional Units  SI Unit
Radiation exposure CTDl4qg No. of ions produced in air by photons Cl/kg Roentgen (R)
Absorbed radiation dose ~ CTDI, CTDl, CTDly,o.  Radiation energy absorbed by patient’s body  Gray (Gy) Rad
Cumulative radiation dose DLP Total radiation energy absorbed by patient’s

body mGy X cm Mrad x cm
Effective dose E Biological effect of radiation dose received Sievert (Sv) rem
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3t #9 3IF% AA FUekAL S e WA AEE o
20 AL FFe o 57)e] wet MR gEA e otk
(Table 2). < U AFoFaebd e (1) A4 71714
2 F9pd Ak A AR W 1F AfelE AL
3 A3 FR(PA)Y 4SS Hx 0.05 mGyoM FHd} 1.60
mGy= 328) AEoln] FH(AP)E 284, 4HAP) 5u), &

A2 10.8 mGyolA
o 95 mGy= 9] AE Aol& oy EBFE Zo|7} 9gulel
Ao A, webA 2 77pd 9 Y Repd A
s ANt AR E AzsE %

02 Uetel v s s B gutk AAM A
mGy)2l 4% WHO #3%F 0.4 mGy EE} i B
(0.3 mGy) 53 H5=s FFol%la 85, 55
9] Zf-olli= WHO #arsel 24 28%1M 20 62%
2 BU - =Y Tl vjsiA = sr}, =) CT &9 A
H(60 mGy)E UK (100 mGy)Eth 31 54-EU (
mGy) ¢ 4 FEoldtt. B HHAE U (2
mGy)7F UK (13 mGy)9 5% (15 mGy)HUrh= =31 EU
(35 mGy) 2o} vt ol it (11).
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WH
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of N Ho it &
S B 4t (o oZ

Shrtol| A o] WAk 9] &
(patient dosiemtry)olz}
Ao A4 A=

k= s avteks
Table 3& WAPAH AlSo F2 AMEE= AP, 4
ZF, 7Ant, SR, FEARY D9l dis) AHg el
(12, 15).
1. ZAMMEZF (radiation exposure)
ZAPdE (X)2 3 MeV ©]8he] XA Bx= yAdel] oJalf £7]¢]

9] A (dm)D AAE A3 (dQ)o E7HlA] WA}
Aol A71E veilE Goltt

FT Fd quAE Lot oA e 54 v aAA dV
Uil wjde] madwE dmell F-oJ8 AyA d5F dm= v
o]t}
D d>
" dm

714 d=+= v A3 2o Foli,

d> = dR;, - dRyy+ dZQ

dRiy & PAAA dVHR S0 BE oA % Hls
AQA) oY A, dR = WAaAd dVERH ik BE
PR 2 rlskd AR A, dE Q= AVl & 2 7]
= YAe] Ao A o] BE Wste] ot

-

3. 710} (kerma, kinetic energy released per unit
mass)
Ak (K& 54 vAA4 dViel mzde] wads dm
oA Blskd SiAtell ojste] AAFE AP sl
4B, 2 dmo= i Holu}.

~

_ dEw
~ dm
Avkel weli Jkg'ol, o] ©91e] S0l Be el

(Gy)oltt.

4. S7Hd2F (equivalent dose)

S7HAE (Hp& S54% (D)ol A el F5ol we A
=34 EHE aejste] HAS Yow 24 ke )] FF
Mkl WARAZFEA] (WR)E 483 Foltt,

Hy = D X Wy [Sv, rem]

1Sv = 1]/kg = 100 rem

5. faMzt (effectlve dose)
e (B)v A Ul 2243F Azt mE 91389 4
£ 3o oE = Yehll7] flste] ZF 22 9] F7Hd e 3

E -1 -1
g 249 2A71EAE Fofol 0|8 RE 229 e P
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&} (deterministic effect) @} E4%93 (stochastic effect

of

~—

2 s S (17). AA9FE B ofw 229 v

& UehllE 2% (threshold dose)o] S48l o2
Ho“}*dol AIZAY (cell death) S e 4-¢-2 WA S W2
AZ7} itk ARl ols) o ) 2 & = qlk Rk
o7 AAA ko] UEMY ¢ 9= FEIMTS I AA 0] BRA}
9] FFo] 100 mSve 23 W2 757wl 2]
AREE R AR E42 doiup] of gt SEA T A
A Al ogt 78 e JEoR o A R FdH o
gt Bedso] glom Wb SHE2 Wb g o Qe F

¥ A ol o &gt

ICRPE 19911 #a1st ICRP Publication 60 (18]
2007 3¥ ICRP Publication 103 (19)2.2 ¥
ot Q& Aol 93 9L Skt A +6HED}
o]9)& 7H &= A g WEk sk AP S FHsls 3
2N Aol 2 913 ALARA (As Low As Reasonably
Achievable) 2ol <7 ste] Xekd o] Qe EA7} ¥4
&= Aol M WA TS FHAs) sfoF gt} ICRP= 9
S9F AP ol & flal] oJekdAle] A3} (justification
for medical procedures)$t ©|E 3] FofA Wojo] XA 3}
(optimization of protection in medical exposure)& AL
3t YA AR I FME St g AFREE 443}

Al AL Slet,

Py
%913]
kS|

—|—‘
o ¥ %

12

Jﬂ rlr o
011

|53 ES Wolstr] S5l Hc}*}’}_%k% SAstal ¥ 7tsto]
Acte] Zad 4 eE Hish= DRLE =417 ol A= Al
Aakgiet. 19824 Qe 24 7 *}OM S B2 el
3l gkxpako] Parel ICRP Publication 34 (5)3} 1996 ¢
garofol A WA dho] AAlS] H8-S 93t o7 WA o
o} oFAof 3tk 7Fo]=g}elel ICRP Publication 73 (6)& &
7t & 2008&01]—15 QAL A Bopo Ao g odats &
Ao Fasl= A Artel tha|A Aol 9g H A

3= 98] DRLS 4%3}‘:§ ICRP Publication 103 (19)ell
A A1 skeit

CTL| EXHMZ

W& (20, 21) CTDI, CTDIy,

CTDIyqy, 22132 DLP7F 8t} (Table 4). CTDIZ 2] (1)olA]
o3 &efolx T TZ #2]9 single slice scandlA dose
profile®] 7-5 WaFe] A4k ol AL F ion chambers A
&3ato] SA% AA MFolrt. =, fon chamber7} 2750
FHog A7lEo] dojA= BUE Skl chambere] 2
°] (10 cm)<} acryl®] conversion factor (F), chamber cor-

rection factor (tp), chamber calibration factor (cHE
stal Eefo] 2 =(n) ¢ Seto] 2~ FA(T)Z vhe groltt.
M X Chamber length (cm) X F X tp X cf

CTDI = T (1)

M : measured value (R)

F: exposure to dose conversion factor (0.78 cGy/R in
acryl)

tp : correction factor

cf : chamber calibration factor

n : number of slices

T : slice thickness (cm)

CTA UF =9 & =
43}, Tonization chamber/] calibration factor®= =743k
ot 9o #AAE o]gste] 7|5l 5789 CTDI #t= 7l
AFtal, phantom®] 7} H-$lol| A =43 CTDI & AR&-3}o]
CTDILy #t= Alikett,

CTDIy= 574¢ kVpS mAsE 98t scanner radiation
output®] 83 AEEZA A} AFe| B7tE v% HE
at7] 91l EQjulo] AR E = 205 (B9 ¥HE B X Y-
)0l A el AR il el A 9] 1/3 CTDI 9k T4
A} 2/3 CTDL, & &e Hat el 7golct.

A3l correction factore =

4

CTDIW=%CTDIC " %C’I‘DIP 2)

2 (2)elA CTDIE $AHF-¢] d&Fe]il CTDIpe FHF
43 A akgq ﬁﬂ-ﬁhgj\to]\:}

CTDIyo 2 91#719] scans E3H8l= 5743 scan proto-
cal®] A#S Yehdl7] $lste] A& Xraye] 3Hdozs
E] WA A Z“q"u #o] (gaps) 9t 4 (overlaps) & il
gote A0 2] (3)oA e} 2ol Z-FoX9] x&e WEs
ebsle= gho = EP 57 o] yepitt,

CTDL,
CTDLy = pitch
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DLP (Dose Length Product)= 227 g5l 7]Q18H A A)
AUAE YEPH o2 due] BE G digh F Mk
ZAgkow A (4)9F o] b,

DLP = CTDI,,; X irradiated length (4)

247] A
o7 Zhtsb] flate] A (5) & 01%5}91‘3} 21 (5)olA Epppe
7 QUA -9 ] vl EA B fad%> DLP 9
fraxw (effective dose)d] 0.015 (mSv mGy' em™)E 4
&3k Akt (22).

E = Epgp xDLP 5

2. NIZAHH CT &XMM2 X438 J|=

H A8 FFA o) Trw QI WA ol gk =l
59 Beto] a1, WA 8 7)7] bl tig &S wHAlel
grEy o57)] A e g59ES AT e Y
AR €157]7] ‘il %Liﬂ%% ‘i’—l THRo] Mro]ar 9,

A

(PHILIPS A]’«] O]—O]E—{:ZL(IDOSG)‘ 7]%% ;51
olg] CT & %24 33%9¢] HolgE o

Al
N
7} UHT W23 18] CT &ol 1 ~ 2 mSv A=e] WAFA
&
?J:

Hu

ol 7Fssl 71= CTell Hlal 70 ~ 80%¢] WA
A Bfo] e OT FoJS Do g 3= 3hx}9)
A = ATk (23, 24).

/\]u} (TOSHIBA)AA] = ME91 ‘Aquilion ONE

el MEZ gl 6402 F4E G535 16 cm?]

BJ% 5 Gl V1% SR 4394 450] 7}
=

2 dlo ot RToFr

o m@ lo

Mg
IS m

% ;2

¢

_o#

270eRlst #9919 FAG T2 wet
S I ]% (AEC, Automatic
SApe] M-S 40%7HA A
4 & LowDose LZZEZF /\}Jgoh~ ATt (25-28). Awl
2~ (SIEMENS)AFol A= spiral 7AF Al o]u]A] a74del 2
Q3A] &8 gean WY FAY Ao WAEE B2 Q3 1
25 moving collimation® 2 Asli= 7159 ‘adaptive
dose shield 7% (29)%} #21<] sizesl anatomy<] %A =
THoE WHARFE At SApF W E uES H At
A HA 9l s g5k 7169 CARE Dose 4D A%
ESlof (30, 31JE of&3dte] $a} A FAaA7|aL )loH

2ol A 9l TRES BV ol e} B 3|Ake} mizb kA =
AR QAT E B AL g o R HH A
L ek (32, 33). Ao] (GE)AH

off d% rir

, Ho
il

o b

Exposure Control) &2

N

o2

lol:

U3|F Qi o ZLAM n|Eo| E2|M ZHI} IH|SE
o A= ASIR (Advanced Statistical Iterative Recon-
struction) 7]l o]o] AM#F F&7]<(MBIR: Model-
Based Interative Reconstruction)& ARH&&te] WA HS
A Fo)HAE FEEEE 50%, HEREE35S 5%t
A GFAI7IAA] 71E e Bl A S 8] 1744 &
o= W L(VEO)7&=& 283kl qlrk (34, 35). o] A7 WA
A E877) A A AR Y E771E et 7]
TR AR S Foled] A4S FaL gor YoRkE A
A, 154 S Awste 71sdel watE 718 e s

g = et (28).
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i A8 FFAE AAEE o] F A H7RI fevet 5
ANAA R Wabsel tiah TaEzte] AlghE 1 gl 7kl
o5 WA v Zol] it Al e vEs 2L F U= W
kol Bk A7k Fs] W L it
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Bl Q) o5 Avle 5 AlaEe] o <l
NES E LT A g5 AR G2 obdRa XA Y
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Computed Radiography)
Radiography) %/¢o.2 @A HA 7] 9] dlo|HE 4

A A e T8l gaolu s ddE AAste] A

S5 EYoEN HAage AFoRE HA 9 Qs e T
o} T3 FAIZY (fluoroscopy) oIy E#x9 (digital sub-

traction angiography) @/dellAE 43 gl 12
i HUE 9 %Eﬂol Zold AL AIZH AHFoz A= o
& 95 T 5 A HAE A BolA CTY HE7] 2d
% Hloly 3 £&o] F7E Qa1 o]go] Skl H A
3 PET/CT zg]a SPECT/CT 59 &894 o]go 2 9l
& =271719AY 571 T CT &9 Al $hxe] v ]
o B2 HAE 7 E]lH). o & A Hlal A 25

270EF (scan time) ¥} HHEAG (iterative reconstruc—

tion) &are]Ee] /e Qe 7|9 Addna 49 B2
F2 =Y F U 7ol /MEH L Sl ofd ARE FE%
[e) 7H

A
2 3
Wt tiRo] G4 % A%A2H (PACSIE ol %
o) B84 BIE Fo W 8IS F A 5 QA 5
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