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A Survey on Diagnostic Reference Level from Transarterial chemoembolization

(TACE) case at The Faculty of Medicine, Ramathibodi Hospital
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Abstract

Hepatocellular Carcinoma (HCC) can be found as the fourth rank of most common cancer in
Thailand. The best method of Hepatocellular Carcinoma treatment is tumor removal surgery. In some
patients who cannot undergo surgery because HCC often occurs with chronic hepatitis and cirrhosis,
therefore, Interventional Radiology (IR) gets involved with HCC treatment with other several sciences of
clinicians. Transarterial Chemoembolization (TACE) is also another popular methods in HCC treatment.
However, TACE uses x-rays which is a kind of ionizing radiation that cause health effects and health
hazard if not properly used.

The survey of radiation dose that the HCC patients obtained from TACE of the Faculty of
Medicine, Ramathibodi Hospital, Mahidol University has major objectives to compare with DRL that the
HCC patients obtained from other TACE treatment method and to be a reference data source in order
to evaluate the quality of using radiation dose for Hepatocellular Carcinoma treatment by TACE
technique. The researcher surveys radiation dose that the HCC patients obtained from TACE method
with digital subtraction Angiography manufacturer Toshiba, model Infinix-i at the Faculty of Medicine,
Ramathibodi Hospital, Mahidol University from November, 2018 to February 2019.

The research finding shows that the DRL; Typical Value (median values) of Dose Area Product
(DAP) at 159.13 Gy.cm2 and the Cumulative Air Kerma (CAK) at 518.76 mGy, respectively. The
comparison of DRL (Local DRLs, National DRLs) result among the HCC patients obtained from TACE in
this research and other researches, it was found that DAP and CAK values were less than all researches.
This research finding showed the current parameter is the control system according to the body size
of the patients (Automatic Brightness Control: ABC). Whereas other parameter values can be done
through radiography which uses proper radiation dose and the effect of exposure technique on image
quality is sufficient to diagnose and be a guideline for the radiologist's treatment. Moreover, there can

be other factors included.
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Sty (519) 91y (V) whutin [an3i)
Room =

LAY bWAYNY 3 Min | Max Mean +5SD Min Max Mean +5D

12 25 42 67 45 85 65.22+10.15 | 45.05 | 79.60 | 62.55+8.09
(15.13%) | (30.92%) | (46.05%)

14 22 55 T 44 81 61.83+7.49 47.3 80 62.62+8.68
(17.76%) | (36.19%) | (53.95%)

This Study a7 97 144 44 85 63.41+8.96 45.05 80 62.59+8.38
(32.89%) | (67.11%) (100%)

Taedoyawadaililunsaionmenaisd
szt fuszuudalud@ Jeazaruaulinisudes
USinaidsdeeninaumunndiviomnavesuog tu
fi® 52UV Automatic Brightness Control: ABC) 14
Lvmﬁﬂmiéﬁy’qmwQaaIiaIﬂﬂ \Wuwuugnedy fems
fnenmme¥aduuudugag (Pulse Fluoroscopy) 1
7.5 AMNABIUNT @IUNITANBAINLONGLTE
wuuseailoseld 3 film/second Fern ABC DOSE
400 pR UM Matrix Size A9 1024x1024 pixel, Bit
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depth 12 Bit wazl¥ Filter A Aluminium (A) i3
ANYUT 1.8 mm d2UN1381801W Low-Contrast
imaging (LC) #3® Cone Beam CT vilod 313
AFRvINLaza waNifa agld ABC DOSE winfu
300 pRYUNA Matrix Size 1024x1024 pixel, Bit
depth 12 Bit Taglld Aluminium (Al anumn 2 mm
\Ju Filter T9A1ANA1SANE (V) Ao 110 KV Lag
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N3N 2 LLﬁ@ﬂsU@Haﬂ’]‘Wﬂi’]llLG]’EJ?L‘VI?‘WUV‘W kV Lag mA wiﬁﬂumimamwmqwa@ﬂw

Fluoroscopic mode Image Acquisition

Room Mean+SD kV Mean+SD mA MeanSD kV Mean+SD mA
(Min-Max) (Min-Max) (Min-Max) (Min-Max)

12 80.00+0 53.67+9.09 81.33+2.48 137.42+12.08
(80-80) (44-65) (81-93) (125-160)

14 80.00+0 53.75+9.18 81.73+£2.23 136.66 +18.19
(80-80) (40-59) (80-90) (125-222)

This Study 80.00+0 53.70+8.60 81.60+2.31 136.92+16.32
(80-80) (40-65) (80-93) (125-240)

A3197 3 uansdeyaasua Flu-Time (min) wae Total Number AifUaelasuanmssnwmzsadiv

1n8 TACE U99AMELNNEAEASLSINEIUIaTINIBUR unIneduuiing

Room Flu-Time (min) Total Number

No. Max Min Mean+SD Median pr5 Max Min Mean+SD Median P75
12 57.00 6.00 | 27.96+11.88 25.80 L) 1260.00 | 71.00 | 353.15+275.92 238.00 459.00
14 103.30 | 6.60 | 25.35+14.87 23.00 31.20 1105.00 | 72.00 | 373.87+234.67 366.00 510.00
This

study 103.30 | 6.00 | 26.56+13.58 24.35 35.08 1260.00 | 71.00 | 364.23+253.99 334.00 480.00
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o 8 v Y  aa v 2 ) < v ¢ % ::4'
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Room DAP (Gy.cm?) CAK (mGy)

No. Max Min Mean+SD Median P75 Max Min Mean+SD Median P75
12 632.59 | 33.51 181.09+111.92 15251 | 220.45 | 2396.15 107.16 | 656.10+435.16 | 544.38 | 760.06
14 547.21 | 33.67 177.67+92.19 169.45 | 234.59 1632.41 87.85 536.62+300.36 | 504.74 | 684.88
This

Study 63259 | 33.51 179.26+101.50 159.13 | 228.84 | 2396.15 87.85 592.21+372.72 | 51876 | 698.09

wazilethdeyausunaised DAP uaz CAK U939 100.08-166.64 Gy.cm’ uaz A1 CAK Tutas

[
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Schegerer Isoardi Ruiz-Cruces Erskine Hadid-Beurrier
This J-RIME
Procedure etal etal. et al. etal. etal.
Study (2020)
(2019) (2019) (2016) (2014) (2014)
No. of patients 144 - = 418 269 52 32
DAP (Gy.cm?) 159.13* 270.00 230.00 162.43 303.00 208.70* 279.85
CAK (mGy) 518.76* 1400.00 - 761.00 - - 656.00
Flu-Time (min) 24.35% - 25.00 11.63 26.30 30.00% 18.00
Total Number 334.00% - - - 245.00 - -

mnewe: “AlianAsisegiu (P50)
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1984 (OR) (Andfsegu) vesitrefidsunsinm
uiSaiulneIsedd (TACH a AsguNneAmEnS
159MeUNATINBUR UnTINeNauuing dA1 DAP uay
CAK @B 159.13 Gy.cm’ ez 518.76 mGy AUE6U
wazdlotuiUssudisumsinedy 9 Tuseuseme

wuindiadesnimnmsfing Jadesnduwumeia

37

Tums3avirnUSinaussdan@s (ORL) vewUeniiniu
As¥nuuzS i ulaeITNLedd (TACE) 999 AtE
a a [ Y] a’i’u P
wwigenanslsmeuiaTmsud uiluiinlugloe
ASUMTS N usS @ UlneAS7LeTd (TACE) mnu ICRP

Publication 135 (Vafo et al,, 2017) 1nin1sd1539a1

v
o

USu1used@01999 (ORD) 8nAse Famulu ICRP
Publication 135 wugiinliin15d1579A1 DRLSEAUIR
1N 3-5 U uazlavAiesenu local visalladnsing

wisesilolvi FusgiumaluladNiauduiin,




21513 Mahidol R2R e-Journal ¥ 10 atiufi 2 Usznieunguniau-damay 2566

Received: June 3, 2020, Received of the complete manuscript: November 9, 2020

faNAwIshazANunIouldauvesymaInslung
ANTUNITILATIZNDNAY LAZINNUINAININAT
USanausdsndds (ORL) i fuftRdemumuiendiy
MIMUALANATYBNAR BONTLTE AT Tinesily
T ST EE TSP a AN e
ruUaendevesUredud iy

%Gﬁ]’]ﬂ%@uﬂa‘ﬁliﬁmﬂﬂ’liﬁﬂwﬂﬂ%ﬁﬁLLafﬂﬂﬁ
Wuidwniimesililutlagtuiuie Mssuumun
USunauSadimuvunaviseniaveddUae (Automatic
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2. m3lUTuTddulUieaieseuy

99luilR 139 Automatic Brightness Control (ABC) U4
PResenmsisEUUMRenden wiindnm Ao SN
FaARlU Ut uegfunnadifivesiae fady
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o A

491 IAEA Safety No. 59 98¢ IAFA (2009) tiufeilerie
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Y

A7)
U a1

ABinafadiildnnnsAnuasailfididosnimn
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AUelsy

3. Mstgimalulagatenin Low-Contrast
Imaging (LCI) #38 Cone Beam CT @340 WAATINUAY

' a
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(TACE) W iluseavis nwiiaunng sulunsdlfidanny
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DAP wa e CAKiLéa1nn15818a1M Low-Contrast
Imaging (LC)) f AZULWVIEAERSLSINENUIATIUSUR
ﬁﬂﬁ?umﬂ%ﬁ N13A18AMLUY Low-Contrast Imaging
(LO) 98 wnnd A Il 1 5NANUANAATAIIY
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a1

881807 Low-Contrast Imaging (LCI) %39

Cone Beam CT 9717 69 A59 lagsamssiian Total Number winfu 247

LCI Max Min Mean SD Median 3rd quartile (Q3)
DAP (Gy.cm?) 101.90 31.75 58.50 13.60 56.16 68.59
CAK (mGy) 352.34 93.21 178.34 49.14 167.93 178.34

4. AnugugounIIN1sSnY (Complexity)
TugUheusiassenazdinuuansiiu FeonaaziAn
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ANnuduteulunsinwsEAua Wenazaesly al. (2016) senuansluzun 6 detuaududau
SrEEATUNISNNIUUINNNTT FelunsAnenss MIN33nw (Complexity) Fadudnniletladefidng
UnlinargennassiunisAne1ves Ruiz-Cruces et ARAUINUSIED1984 (DRL)
500 381.74
& 147.82 200.96
: E
S &o

<5 Complexitgl_l7ndex(CI)

>7
JUT 6 uansnuduiusaaie(Mean)vosUsunasdvesitieiidisunsinyus Swiulneds7eds (TACE)
TBIPULIEAANSIINEUATWEUR uvivendendion lnsuvadungunuenududeunmnamsinm

(Complexity Index) 91471184 518 MUNI5ANEIVBS Ruiz-Cruces et al. (2016)

AuduiusAnad(Mean) v83A1 DAP lu (@>7) TneA NS sddnede (ORL AT 3¢ quartile
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YBIAUEUNNYAIANTLTINYIUIATINITUR 1neT59M40%8 (TACE) ve Azunmeranilsme g
wiminendeuiing lneudaiunguanuanududou TUBUR amTinendesdinn avuasiuay 184 1
N19N133N(Complexity Index) 31147U 184 518 A3 AUAMUFUTOUNIIN15T N1 (Complexity) Lae
N15ANYIY89 Ruiz-Cruces et al. (2016) A1uA21Y wUaNauAIUNISAN®IYDY Ruiz-Cruces et al. (2016)
Fudould 332du Ao Simple Procedures (CI<5) IneSdunmdgiiuszaunisal vesrneunmeaans
147.82 Gy.cm?, Medium Procedures (5<Cl<7) 200.96 Tsmenuas s U avminendeniing s

Gy.cm’ hag Complex Procedures 381.74 Gy.cm”
M19199 7 wanUSunasaanlasumuanudutouninissng (Complexity) lneuwusnguniy

ANSAN®IUBY Ruiz-Cruces et al. (2016)

Procedure Simple procedures Medium procedures Complex procedures
DAP (Gycm?) 190.56(44) 249.74(136) 427.65(4)
CAK (mGy) 594.70(44) 830.32(136) 1599.40(4)

% A

wnewn: Srundlviadu fe awanguitedismumsuisnguauaududouninisinuvesteiidisunssnvuzseiu
Tne35710%8 (TACE) Inald Complexity Index 81989270 Ruiz-Cruces et al. (2016)

LASDABNYLTE ANISIANBSTLY MasnauTumnauly

JRIAUBLUZAINUITY N13NTIATNN

AT IE81989 (ORL) Haelvisadunme ag13lsfinn AUSHIEEE198 (DR
waztindsdmsunndnszaindsanuddiioady Lildudodsiuiedtausnasd@nduaserlssu
anungaesEnasadnldlumsananazinw MnMsnsRsnw Feamnsademeulumsinwin
AU TngmniinmsdisiaaiuSunusaddnsds (DRL) Jadedun Tnefesiildmanmussnmitozliiae
o1sAn AL NAIULLEAINNT BT ICRP no. Tnesodldnmiitinanmiismereanisnsiauas s
135 (Vano et al, 2017) W@ mu3aniasnnnIusua P03unned Fatulunisdavina1Usinnsadsneda
$ad§1999 (ORD) Wi vi3edldmnnninmsinundug uenNTiagsasinnsaniEecUSnasduds aunm
FEwIMd LAzt T EMIWEA DINUNILALNINTDY vosnmiidunuil stladeiidedvinnud iy

39



21513 Mahidol R2R e-Journal ¥ 10 atiufi 2 Usznieunguniau-damay 2566

Received: June 3, 2020, Received of the complete manuscript: November 9, 2020

dusunisdnsiamidsunusdannnasly
\3senTsEiaendenuananazlaai Dose Area
Product (DAP) wieiduusunassdsede (ORL) uda
AflgssaeUsuandanmsfivarudsddunisdu
uz134 (Cancer Risk) § . unavosdsduuulddan
Threshold vaensidusgzise dmfunsiianawuy
Stochastic effect @31 Cumulative Air Kerma (CAK)

o '

aunsaUIvendsmsiinmudedideudunses

RaniTe (Skin Risk) funauuuiiddasas

waoUSunasdfmuasd onaty 9 (Deterministic
Effect) a1ns18914¥09 NCRP No. 168 (Balter
et al, 2010) loeduedawuamInsinnsUsunasd
Tunsnsansnymnedidsiusnw Aemnduaelasu
USinnssdgeaniifavmiannnia 3 Gy vise A1 DAP
1NNMI1 500 Gy.am? i3 AN CAK iANnnnai 5000 mGy

#39A1 Flu-Time §A181NA71 60 W9 9¢A89linng

¢ A

TuiinU3unas@ngUaslasu uasudasdunmem
AnnuensyUae 10-14 Tundsanlasultinased
WeswndUisiidnfunissnwusiseiu

Ine357eT8 (TACE) Wuinansfisieahsieiilowmn

Revised: April 12, 2022, Accepted: April 19, 2022
http://doi.org/10.14456/jmu.2023.13

6-8 &UMM LAY ARaNITUSLIMRIATIFLALLAL
$1 9 liFeniseTriinasdiarlasulng
148N21NA1 DAP uwag CAK uad dsfiausunussdan
wiseniiesisy YafleRanunaressdfiazintu
Faetiufe AvtSinasdgegaiitamddasuannms
m973 (Peak Skin Dose: PSD) flwhendunsd (Gray)
FagrursaUsvondedunsivvesdedluiieg
Deterministic Effects ﬁﬁ’mﬂfwmﬂﬂ’wlﬁ Tagnn

Rnidlasudsunausednnunia 3 Gy agvilviia

FOULAITIRIMTILUUTIATIY (Transient Erythema)
wazynlasuUSnasERRmTanIuludnAazd

v
= @

\Winn1suIALduseRImTla (Skin Injury) UNNBeTY A

wanslunsnei 8 Falaevalugthenidniunissnm

ada aa

Uz15adulaedsMedd (TACE) Tu 1 asa dTnlasy

USurauedlifiedndandns udmingUleiingig
Fududaslasunsyiinan1sus RNt WAL

v
a o

wugrneluszegaliduiu araneliindunsiey

v
»Lycuv [

§ fauuMNILINNISANwRe liaUseLiuianNy

v = '

eadassdngUieazlasunisagdoninnisAnuly
USanau¥adviarn DAP, CAK uay PSD

N34 8 Lena Deterministic effects YaeSSaraN Y wazkIaWkan@INS (1333031 F1A0INA, 2558)

Deatarministic aeffects Typical thraeshold Time of onset
(Tissue reactions) dose (Gy)

L osrty trarisiont orythes o 1 tvours
—————— E Lame " =
Permanont aplistion weses k

Dy destuamsiion 14 . winak

7: Mala arytbhanriag 1 8-10 *

= 1 1o e rat e 5 we =
Telongiect y ) weoek

it ' ahal e W |

AUaefisumsinvnzs wiulae357eds (TACE) nu
ARRANIINUIZNA

U Y a Ay

msdyRtinusdonddgtelasun
mMssnyueiswiulneisiedd ves Anzuwmemans
13NEUATINBUR Wwimiviendeuiing d5eaale
AILAILINTUNBE 1NN DI1ANTE WNNENTTUNT
#3AVE MAINTEIeN AzwEanSlameTUIA

FUNFUR wmInendesiing Jiveyauasiungy

a0

Arsgutounanisnw (Complexity Index) uawasn

o

Usen aalannsin Ynandnisunng aneiunsed
ANYT AULLNNYANARNS LTINYIUIATIUISUR

wminendeuiina IS nwaraivayulunmsi

[ [ °

198 uazd i vdiededswusnyvesd iy nviay

v
=1

lianusiuiielunisideasell §Iiduvensiv

YOUNTEALDE19EN al lonadl



21513 Mahidol R2R e-Journal ¥ 10 atiufi 2 Usznieunguniau-damay 2566

Received: June 3, 2020, Received of the complete manuscript: November 9, 2020

LBNENTDND

Aatium Wosdums, a3Wug 2maerss, niluns nanen
WUV Q4 IENIANG, Wae 1wl Y3l (2562).
n1steafunazArunuuzisfu. 275875
Ismase, 392), 64-74.

Audwalulagdidnnsetinduazrouiumosunesni.
@Y. w3y SizeThai Aoeels.
SizeThailand.
http://www.sizethailand.org/sizethai.html.

5508 Suideanel. (2558). msANYIVSUIRISIFT
yAanslasuvalsiminonIsaeinsowdng
w’a%ﬁﬁzmgm’”ua’amz/?szﬁymgm'wg?’fhz/
VeI WAL TUBURZ AT IE
AveninusUIygrumduda). asslgan
PuvisUsemAlne (CUIR).
http://cuir.car.chula.ac.th/bitstream/12345
6789/51348/1/5774081030.pdf

Balter, S., Schueler, B. A, Miller, D. L., Brinker, J. A,
Chambers, C. E., Layton, K. F., Marx, M. V.,
McCollough, C. H., Strauss, K. J., Wagner, L.
K. (2010). Radiation dose management for
fluoroscopically-guided interventional
medical procedures. NCRP Report, 168, 1-
325.

Balter, S., Schueler, B. A, Miller, D. L, Cole, P. E., Lu,
H. T., Berenstein, A, Albert, R, Georgia, J. D.,
Noonan, P. T, Russell, E. J., Malisch, T. W,
Vogelzang, R. L., Geisinger, M., Cardella, J.
F., St. George, J. Miller, G. L., lll, & Anderson,
J. (2004). Radiation doses in interventional
radiology procedures: The RAD-R studly:
Part lll: Dosimetric performance of the
interventional fluoroscopy Units. Journal of
Vascular and Interventional Radiology,

1509), 919-926.

a1

Revised: April 12, 2022, Accepted: April 19, 2022

http://doi.org/10.14456/jmu.2023.13
https://doi.org/10.1097/01.RVI.0000130864
.68139.08

Erskine, B. J.,, Bradly, Z., & Marshall, E. M. (2014). Local

diagnostic reference levels for angiographic
and fluoroscopic procedures: Australian
practice. Australasian Physical & Engineering
Sciences in Medicine, 37, 75-82.
https://doi.org/10.1007/513246-014-0244-2

Hadid-Beurrier, L., Waryn, M. J., Ajavon, Y., Seror, O.,

Sellier, N., & Bondly, F. R. (2014). Local dose
reference levels for abdominal
interventional radliology procedures (Poster
no. C-2053) [Poster presentation]. ECR 2014.
https//dxdoi.org/10.1594/ecr2014/C-2053

Intemational Atomic Energy Agency. (2009).

Establishing guidance levels in X ray guided
medical interventional procedures: A pilot

study. Safety Reports Series, 59, 1-147.

Isoardi, P., DErcole, L., Cavallari, M., Gianusso, L., Pini,

S., Giordano, C., Angelini, L., Colombo, P. E.,
Canne, S. D., Vecchio, A. D., Liberto, R. D,
Famedi, S., Ghetti, C., Lorenzini, E., Origgj, D.,
Paruccini, N., Pasquino, M., Cutaia, C,,
Quattrocchi, M, . . . Venturi, G. (2019).
Patient dose in angiographic interventional
procedures: A multicentre study in Italy.
Physica Medlica, 64, 273-292.
https.//doi.org/10.1016/}.ejmp.2019.06.008

Japan Network for Research and Information on

Medical Exposure (J-RIME). (2020).
National diagnostic reference levels in
Japan: Japan DRL 2020. Radher, Japan
Website. http://www.radher.jp/J-
RIME/report/DRL2020 Engver.pdf

Martin, C. J, Darragh, C. L, McKenZie, G. A, & Bayliss, A.

P. (1993). Implementation of a programme



21513 Mahidol R2R e-Journal ¥ 10 atiufi 2 Usznieunguniau-damay 2566

Received: June 3, 2020, Received of the complete manuscript: November 9, 2020

for reduction of radiographic doses and
results achieved through increases in
tube potential. The British Journal of
Radiology, 66(783), 228-233.

Miller, D. L., Balter, S, Cole, P. E., Lu, H. T., Schueler, B.

A, Geisinger, M., Berenstein, A, Albert, R,
Georgia, J. D., Noonan, P. T, Cardella, J. F,
St. George, J., Russell, E. J., Malisch, T. W.,
Vogelzang, R. L., Miller, G. L., Ill, &
Anderson, J. (2003). Radiation doses in
interventional radiology procedures: The
RAD-IR study Part I: Overall measures of
dose. Joumal of Vascular and
Interventional Radiology, 14(6), 711-727.
https//doi.org/10.1097/01.RVI.0000079980.8
01534B

Miller, D. L., Hilohi, C. M., & Spelic, D. C. (2012). Patient

radiation doses in interventional
cardiology in the US: Advisory data sets
and possible initial values for US
reference levels. Medical Physics, 39(10),
6276-6286.
https.//doi.org/10.1118/1.4754300

Ruiz-Cruces, R, Vano, E., Carrera-Magarino, F., Moreno-

Rodriguez, F., Soler-Cantos, M. M., Canis-
Lopez, M., Hemandez-Amnas, J., Diaz-
Romero, F. J., Rosales-Espizua, F.,
Femandez-Soto, J. M., Sanchez-
Casanueva, R., Martin-Palanca, A., Perez-
Martinez, M., Gil-Agudo, A., Zarca-Diaz, M.
A., Parra-Osorio, V., Ruiz-Canela, J. J. M.,
Moreno-Sanchez, T., & Lopez-Medina, A, .
.. Canete, S. (2016). Diagnostic reference
levels and complexity indices in

interventional radiology: A national

a2

Revised: April 12, 2022, Accepted: April 19, 2022

http://doi.org/10.14456/jmu.2023.13
programme. European Radiology, 26,
4268-4276.
https.//doi.org/10.1007/500330-016-4334-2

Schegerer, A, Loose, R, Heuser, L. J., & Brix, G. (2019).

Diagnostic reference levels for diagnostic
and interventional X-ray procedures in
Germany: Update and handling. Fortschr
Réntgenstr, 191(8), 739-751.
https.//doi.org/10.1055/a-0824-7603

Smith, H. (Ed.). (1991). Recommendations of the

international commission on radiological
protection. Annals of the ICRP, 21(1-3), 1-
201.

Valentin, J. (Ed.). (2001). Diagnostic reference levels in

medical imaging: Review and additional
advice (ICRP supporting guidance 2).
Annals of the ICRP, 31(4), 33-52.

Vand, E., Miller, D. L., Martin, C J,, Rehani, M. M., Kang,

K, Rosenstein, M., Ortiz-Lopez, P., Mattsson,
S., Padovani, R.,, & Rogers, A. (2017). ICRP
publication 135: Diagnostic reference
levels in medical imaging. Annals of the
ICRP, 46(1), 1-144.
http.//doi.ore/10.1177/0146645317717209.

Wall, B. F. (2001). Diagnostic reference levels-the

way forward. The British Journal of
Radiology, 74(885), 785-788.
https.//doi.org/10.1259/1jr.74.885.740785

Wall, B. F., & Shrimpton, P. C. (1998). The historical

development of reference doses in
diagnostic radiology. Radiation
Protection Dosimetry, 80(1-3), 15-19.
https://doi.org/10.1093/oxfordjournals.r
pd.a032492



