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Measurement of Patient Radiation Doses from Digital
Radiography (DR) for Chest X-ray Examination
Using Optically Stimulated Luminescence nanoDot

Dosimeter.

Monrudee Paengjai B.Sc.*, Nardlada Pongmek, B.A*, Piyanut Rititum, B.Sc.**
*Department of Radiological Technology, Doiluang Hospital, Chiangrai
**Regional Medical Sciences Center 1/1 Chiangrai, Chiangrai

(E-mail: bee_kty@hotmail.co.th)

Background: Patient radiation doses resulting from X-ray examinations depend on both the X-ray imaging
technology and the exposure parameter settings. Objective: This research aimed to determine the optimum X-ray
parameters and to evaluate the entrance surface air kerma (ESAK) for patients undergoing chest X-ray examination
using digital radiography (DR) system. Method: The determination of the optimum x-ray parameters, the X-ray images
of a chest phantom were taken and the radiation output and image quality in terms of signal to noise ratio (SNR)
and contrast to noise ratio (CNR) from different combinations of tube voltage (kVp) and tube current-time products
(mAs) were evaluated with and without using radiographic grid. For the evaluatation of the patient’s ESAK, the optical
stimulated luminescent (OSL) nanoDotO dosimeters were applied to the skin of 86 patients of standard size at the
center of X-ray beam during the X-ray examination. Results: The results revealed that the optimum X-ray parameters,
of which the high image quality at low dose is obtained, were 73 kVp, 200 mA, 0.032 second exposure time, 180 cm
source to image receptor distance (SID) and exposed without using grid. The mean ESAK for the patients was 0.19 +
0.011 mGy. The air kerma measured using OSL nanoDot and using ionization chamber type X2 R/F sensor were 0.10
+ 0.0022 mGy and 0.09 + 0.0013 mGy respectively. Conclusion: The mean ESAK for the patients was significantly
lower than that of the national dose reference level of 0.29 mGy. The air kerma measured using OSL nanoDot was
significantly lower than that obtained from the ionization chamber type X2 R/F sensor (p < 0.05). The patient’s ESAK
should be assessed regularly by the radiological technologist in order to ensure that the patient’s radiation dose is
acceptable and the image quality is sufficient for physician’s diagnosis.

Keywords: Entrance Surface Air Kerma, Chest X-ray, nanoDot, Digital Radiography.

UNAQE&d

niinda: U%mm%’aﬁﬁrﬁﬂaalﬁ%u%%uﬁumwiuiagﬁ
Tlunsarenmuazamisifimesildlunsanenimenass
Fnguszaed: ATl TagUsrasdifiotmusswsiiaesi
wanzauLazUszfiuAUSINasERa (entrance surface air
kerma; ESAK) dmiduifihefiagiinsumsonmienaisdlag

laszuuAdnea (digital radiography; DR) 35n15: N15AMUA
Amnsfwesivingaunsyvinlagisnisseninenusden
YoIUTIADII MUY (phantom) wagia1sany3unased
fusieeninuaz A mvesnmluLdyead signal to noise
ratio (SNR) WagA1 contrast to noise ratio (CNR) 911013
WIHUTBUAMNLANG19TDIAIAIUA AN LALAINTE LA

:
o

sumsiwung Ui 47 aluii | unsiAu -

57




waeagaLIan Fansussiiuaginisaignimenaisdlagld
n3awazlildnsm dusunisusediuan ESAK nsevinlagisnis
AngUnsndinTaddruymna OSL viin nanoDot MU
A3INANAITEIINIY 86 T8 FalFUTNUIRNITIUNIITY
ASENENNBNTLSE Wa: AT TN TaUNYN AW
=~ AN Yo a o aa o oA ' | o €
faunngsluvaeilasuusinnssdie As Armnuiedng
73 kVp ANTzlanann 200 mA Alal 0.032 sec. T88$N19
91NAANTATIANEIUTUNN 180 LwURWAT Uagdrgnn
Tnglalldn3a Anafevesdn ESAK dmugthe 0.19 = 0.011
a a ¢ a o Ay %] U w Al
fadinsg Avsinassdninluemalagldgunsalindeddiu
yaAa OSL wila nanoDot warld ionization chamber wiin
X2 R/F sensor 0.10 + 0.0022 aawnsd waz0.09 + 0.0013
fadinsd a1y a3U: Anafievedn ESAK dmiugtheiian
FNIegiitudAysEna WesuAuAIUSIIuSIES99
seauUsTIWA (0.29 faawnsd) AmUsunassdninluenalngly
gunsalinseddiuymana OSL vila nanoDot diAindnegiall
HedAgveada Weweuiiv ionization chamber wtin X2 R/F
sensor (p «0.05) fUfjuRvumusadaisinisuszidiuAusunm
o Ay Yo ' ° P Y a o Ay Yo
sqammdmmmmmmm Lwalmlimmaammdmu
aglunaueineenuliuarAunIMYININa18N 1T E e
FON1SINITLVDILNNG

v Aaa i

ArEAgY: USHssdnna, nsaieninenasdlen,
YUADN, STUUSUNNLUUAINBA

o
unun
YagUuszuuiunmmenasduy digital radiography
(DR) gninanldunuiissuuasianimuuy computed
radiography (CR) ifisnnau Lilesnnamitlsieenundudeya
FINDA ANUNTOMAAINANITANYNINNISIF LeTUT BeTiunme
AladelsauazlinisinudUaelasimsuaziivszdnsam
99U FITTUUNNSASANAIFDILUUL A ULANFAA LAY
5771 ANuazaniunsleu SauluislSunasangtelasy
= a U aa v v X o a s o
sszimmqamﬂadmu%muﬂm'wmmLmaswm’wumima
AU TR Tngazimvuanuedeizdiuiiseansaieninuae
' IR & a i) U o 8§ vy
AgUT1IvesElae Tuuensiimaniwe sldenavilgae
Insudsinasedguazluuinsearililasuusunnssdn
| av v a ° 9 & o
wanmlderavslinuniminiulde wenaini ICRP &
wugiliusazUsemaladnismuunen diagnostic reference
level (DRL)' Faduarsesuusunasdnduaisidawainis
#9793 0 dusazUssinniazduA1fivsuandeniny
Witnzau (optimization) waen1slausuassd Tunsivua
A1 DRL Hegvanesesu Wy seaumilsanuiasseauUseine

'
N

uUsenalinIsitvuaen DRL wiu Tud 2015 UssmegUu
efinsrinvuaAl DRL dmsunisanenmenasduan (chest
PA) U 0.35 mGy” siaidAn DRL uritldannnisdisialu
nauuszens agelsia Tulsanenuianeenaiedsluiinng
vuaAanaly

gunsalinsidleleauonvinuilunen dndnnisinau
wagnsTUILUMIB AT ETiRdendstugUnsalinged
Muoad uwiausaemlalaenislduadunisnsedu gunsal
10398 Tewaueaviinulunengniunldedaunsvaigly
namsunnddagtu lnefvwadn aeaintunisldon &
Anulisiedadsge annsanduanldnuuazeiuaniuing
16 wardlnauandilunsinusunadadlunedad@idedels 91n
wigiinanndnasunenazideadianuaulaiosdisiani
miwesimngaudmiunmsdionmiensiséUen (chest
X-ray) WarUSNaussdi e ldUIINMsT e oneLse
Yo lagldgunsalindaddiuymana optically stimulated
luminescence (OSL) %1l nanoDot %Q%Lﬁﬂ‘ﬁ@gamﬂéﬂwﬁ
fgUranasguiithfumsaenimenaisdvon lulsmetia
Aosvia Swiaideass uenniazldmuiinasdiiduen
91499909N199152930909119598 (diagnostic reference level;
DRL) dwsulsaneuianaevais sely

Saqua:dsms

NsMIANITEILADS

fhenmenelsdUanvesiuinaesianieuysd luvi
postero-anterior (PA) Ingldmmnsiises 4 yaiiunnsineiu
fio gofl 1 uazyadl 2 denmlasldnde TasusavynazUsy
WabuAIa1 (sec.) uazAAumeing (KVp) auadu di
yail 3 wagyad 4 chenmilaglillinge lnsusazyaazUsy
WabLAIAT (sec.) wagA1AIA1edng (KVp) audidu ann
tulsiunnéialy 15 au gamkiulusunsu MicroDicom i
wihaeliindn ilednidonamauinusivesaaznssunsns
glsu* I Aae (Usnuuen) Aaen (USand mediastinum)
ANUANINTATUNITUENAMULANAITENTNNUTIIN (contrast)
ANANTA (sharpness) Wazauianelalagsi lngdaden
¥aaz 5 am uazthaniigndmdenlaedauidaus 70
Wesidudiuly intardamudsnuuinnsgiu (standard
deviation; SD) %30A1 noise uazALady (mean) U
ndunile Usunsynduvdsdiuen (thoracic spine) Jufl 7;
T7) uaguinniiunds Tngldlusunss Image J §u 180 112
Faomii 1

sisaisnsumisiwme Ui 47 aduid | unsiAw - BulAy 25

58



T 1.0016.dem (16.7%)

947163409956 microns (3108:3228) 16-bit 1 6MB

x3220). 16-bit 1 5B

(m)

27 1 MTInANUTINANeY () uShanananile (1) usunsggn T7 (A) USid background

e b :

wazAlAlUATWIUNIAT signal to noise ratio  WTiwETTIAlALEIAYINIRAMANYDIN NG FaRQNINTD

a

(SNR) uagei contrast to noise ratio (CNR) LilaidanA1 A wiifseaile1 noise 7161 A1 SNR uazA1 CNR #ige’

Meany,
SNR= (1
S.D.py
Mean,-Mean, 1o
CNR=——"""— (2)
SDugg
= = i A o a
@e  Mean Ao ARG YBIMFy L INUTIMNTEAN T7
D, A ANJELULINATEIUUSINNTEAN T7
Mean — f@ ALRABYRIAF Y INUINMNA LD
SD Ch) ANDEIUULIRTTIUUTIUNUNAS

BG
mimﬂ'w“smm%’aﬁﬁﬁqﬁ@'ﬂaalﬁ%’u (entrance i 2 dwnmilagldemisfiaes 73 kvp, 200 mA, 0.032
surface air kerma ; ESAK) sec., SID 180 WwuRAS YUARUTIANSaE 1ax17 T2 wazlally
Favingvaeiiasdrdunssienmennsgealasil  n3a 9ntunigunsal OSL %iia nanoDot Tusunalaiades
YUIATOUBNLNATFIL® INATI8TOUDN 95.03-101.10 Iwufiuns  reader 8%e Microstar uaztheniildingasheruiainiade
waznAndesouan 84.89-95.51 wufiuns Tuvih PA uprisht  $¥8nseidadioundu (back scatter factor ; BSF) Fawifiu 1.4

wazAngUnsal OSL wila nanoDot UShIMINTEAN T7 AN




fu v o

Al 2 ghedulunii PA uasfingunsalingsd O

A19%1A1 DRLs S¥AURLIUY

¥1#1 ESAK #ilélumen DRLs sefumibieu Jeen
DRLs sefuniasau wilaan aArdsegiulegldlusunsy
Excel 2010

nsilSeuiisudsnisInAIUTuIused

Tumsidendel) Az e LAV sinUsInasedlagld
Qﬂﬂiiﬁ ionization chamber %ia X2 R/F sensor LLaxq‘Uﬂiﬂi
f¥e@ OSL fia nanoDot dvingunsaifsansiisliiogmss
nannSduarianniuanded Tnesinsann bukky stand 21
WURWAS wardenmenustsua 6 a%e nsusasadildan
Wdmes 73 kVp, 200 mA, 0.032 sec., SID 180 LuALunT
ueiiansed 18x17 § warhlld nde amutuinnd
Tale Iﬂaqﬂﬂiiﬁ jonization chamber %ila X2 R/F sensor
AsaLARIHATLINa N8 danisinlagldaunsal
f¥sd OSL wia nanoDot eudsugunsaimnadarounis
suamadudely uazthgunsalluenuwalasiaies reader
B0 Microstar antuineniiialdaingunsaifaaesyiingn
Apszilagldaia paired-samples t-test

Wa
1. Arsdwesiwnmdidenlunisaieninenaiss
Yandmiuyuinanssanesyud
lumsdrsranimeneisduanves phantom tagunme
il Wuiwmwﬁgﬂﬁ’mﬁaﬂﬁmmﬁé’jﬁm 70 Wesidusaului

SL %la nanoDot 7

v

tensesusnansegn T7

v o

TUNRAINY

e 4 am Fluusazamnuildamedaivindu fio
AMUANSANG 73 KVp ANTEUENaDR 200 MA ANSEEENINAIN
NAOALDNYLITNIEIUTUNN 180 wufins wazlilldnia wany
TAAEAMNLANGNSAY A 0.032, 0.040, 0.050, 0.060 sec.
AnwlagldadRians sy

2. ANdgyeyIausunIU (noise) A signal to noise ratio
(SNR) wag@1 contrast to noise ratio (CNR) U84ALIa#1149)
Fuhnmsinulagldadn one-way ANOVA

1NNTINAT Noise VBINWLBNBLIIUDATDS phantom
WU 0.032 sec. wag 0.063 sec. lifiauuansneiuegns
fifedduneadfisesiu p « 0.05 wifldsninian 0.040
sec. uaz 0.050 sec. aghafitfudAynisadaiisesu p < 0.05

NATAUIUAT SNR LagA1 CNR U940 1WionaLsd
Uanwes phantom nuieiildlifieuuansieiuegieiidy

o

AAtunneg

o

@
o

§iu p < 0.05

Y 1

NYUAIBY

q

feNg

3. deya N;Eﬂaaﬁrﬁw%’umimamwLaﬂsul,ié
Uan

nnmsiiiudeyadiieiivsdriunisdienimenaisd
Uon NUMAREEYLNATEUDN/ AT NATETINTY 96.72/
22.56 \URIAT MUSIFU LAZANLRBEUUINTOUDN/AIINAL
neAndjaviniu 89.99/ 22.20 wuiuns anudwiu Ineildeya

AT UUTMIVaNNA 86 T18 WARIFAIAITNT 1

Sisaisnsumisiwme Ui 47 aduid | uns1AL - BUlAU 2565

60



7157197 1 wansiUsinasdngdielasuannsaienmensisgen

YUINIBUDN AIMURUI
(cm.) (cm.) U (519) Exposure Technique ESAK (mGy)
29822/911 Mean Mean
- - - kVp Mean mAs Mean
S LR 71 VA B | R 713V S Vg | IR V(T Mean S.D. Range
(Range) (Range)
Chest PA
Uorich 96.72 89.99 2256 22.20 41 45 98.96 (72-111) 7.52 (4-8) 0.19 0.04 0.06-0.25
pright

1. dwsfiwesildlunisaisamenusdvendinsu
HUae

INNTEENMBNAIEUDAYDIUTIRITINBUYWE
wuiAmTinesTisigaivinlinnnmussn s anesio
mMsItadeveannng fie mAnueAng 73 kVp Anszudarasn
200 mA A1 0.032 sec. SE8ENNINNADALDNBLITNIEIU
$Unm 180 uins vunaituTian3ed 1ax17 1 uarlilldnse

2. A1 ESAK vasn1senenIntenaLsgUen

A1 ESAK 799nmsansnntenatsglon aannsinlagly
OSL %#la nanoDot wuindimasanviniu 0.22 fadinse A1
Agawintu 0.17 fadinsd uazAadewindu 0.19 fadinsd
WARIINT9T 1

713197 2 wansnUSinasandUaeldsuuasAsnusdnialueimalagldgunsall

3. N15%1A1 DRLs 984A1 ESAK S2AURLIEIIY 31ANT
agnnengLsdvan

A1 DRLs SEAUNUNIE91UY09AT ESAK ﬁﬂﬂ'miﬁ%’umﬂ
nsanenenwisduanlaeinain OSL wfia nanoDot e
Wiy 0.19 fadinsd

4. mUsInasdnialagld OsL aiia nanoDot wazld
ionization chamber wiin X2 R/F Sensor

AUsuasedfiTaluainiadetnlasld OSL wiln
nanoDot waginlagly ionization chamber ¥ X2 R/F
Sensor WU TIAUSINSElngld OSL wfim nanoDot i
ArsnIAileaInnsIage ionization chamber adia X2
R/F Sensor agafltfudfan1eadfifiszsu p < 0.05 uanss
A15197 2

v o

ASENLANFNaiUY

i1 ESAK (mGy)

Object qﬂninim%'i'ﬂ p
Mean+SD Median Range
000.3*
Tuenna OSL %#ia nanoDot 0.10 + 0.0022 0.10 -
lonization chamber wtin X2 R/F Sensor 0.09 + 0.0013 0.09 -
*p <0.05
3o1sad Wumszamsimesilaiafia Soilian ESAK Alaian

AM511AN ESAK dusunisanennienaisglen Tagly
9Un3alin39@ OSL ¥lla nanoDot wudrilAadewiiiy 0.19
mGy dslaifinnuunnsnafiueensfitedfyn1eadad p < 0.05
dleflsuiueuidees Jarinya Tenechalyapoom’ 91992
LfJuLW'ﬁzQ’ﬂuaﬁsummmwwmﬁmnﬂd%wﬂsﬁ'ﬁﬂmﬁﬁma%
fignnn Feilen ESAK Tdumnsneiu wazdidsniteted
Toddnymeadn 7 p < 0.05 Wewisufuanuiseves Ladda
Yensri® 911398984 Siriwan Buncharat’ wageuid8ve9 Jare
Wutthisas™ lneldaiii one-sample t-test lunis@nw il

° ) PN & X I S o aa
M1 LERIRIRIS197 3 TatlanadumsearUsunassd@nonnun
NNLATBUDNLLIY (output) TouAaEIATOITIAILANAIINY T4
Wunayinlian ESAK Ailadauwsneneiu

A5%1A1 DRL SLAUNUILIIU d1USUNITANEATN
wnelsguan wuIdauvinny 0.19 mGy LeAnwilagly
@R one-sample t-test WUIIAIFINTIAT DRLS UBINTH
a 5 €11 | Av o W aaa )
eransnsinng ' agredidedAgniefianiszau p <0.05
Wasnguiedvueanunuiiuinniualdamisiines
a o o= @ ° P a6 & & I
791131 JTunasinlia1 DRLs daen waynateaavidu

uns1AW - DUl




wmsrgludunaunsanannlalinsa waran DRLs filavaansy
INYAAASNITUINNIUIINNNTAUIN TadpeldAUSuSE

7157991 3 LAAIAIAIINULY ATNITIELADS LaA ESAK (MGy) 1999113986199 LagyndaunuLAnsIgsEnIneuiTeasadl

AT 9

Tponu1a1NATE9LBNTLE (output) UAWIMIY Feviliien
DRLs ALANAINAY LARIAINITINN 3

v
[

AR Exposure Technique ESAK (mGy)
o (cm.) DRLs
MUY kVp mAs p
Mean Mean Mean S.D.  Range (mGy)
Mean (Range)
(Range) (Range)
Jarinya 0.715%
_ ., 20.08(15-28)  98.96 (72-111) 752(4-8) 019 004 0.06-0.25
Tengchaiyapoom
Ladda CR 18.34 86.96 18.33 0.64 0.15 - 0.000*
-8
Yensri DR 19.84 88.64 8.44 035  0.09 - 0.000*
Siriwan Buncharat® - 84 (65.8-116.6) 9.4 (3.3-18.5) 0.23 - 0.10-0.60 0.000*
Jare Wutthisas" - - - 033 0.16 0.10-0.63 0.000%
NIINENERS 213(10-30) 87.7(589-1260) 7.8(08320) 027 041 0027432031 0000
AT NNY
MsAnwATaE 22.37 (19-26) 73 6.4 019 001 017-022  0.19
p < 0.05

AsUSeUsudIs N1 InUSHsed tagld OSL via
nanoDot Wag ionization chamber %in X2 R/F Sensor Wu
| ' 1) A a a
ITanuwanenaty Weean OSL v¥da nanoDot 8193l
Auliwiesed (sensitivity) Mgendiuasiunlunissusedns
A59LAESIANTLLRIPUL9NIUINATN ionization chamber vin
X2 R/F Sensor 39¥113 OSL vilan nanoDot 81uaUSunauS9a
PlAUINNIT WERIFARIIIN 2

asJ

PNMTANYINUIIAIAUAANG 73 kVp AINTEUE
7aen 200 mA A1LIaN 0.032 sec. ASEEENINNTABALENTLSE
fedufunin 180 wufiums sunaiufisn$ed 14x17 in
wavghanminglildnia \Juamnsfiwesivanzaudmiu
msghenmenaissUonlagldszuuiunmuuuianea den
Wﬂ'ﬁﬁLma%é’aﬂa'nv‘fﬂﬁ@'ﬂaalé’%’uﬂ?um%’ﬁﬁﬁaLa?ia 0.19
fadingd AUsuasedonsdessaunuieau 0.19 dadinsd
warnuAUSInassan nlagld OSL ¥ia nanoDot A

AAALeaINNNTIAAIY ionization chamber ¥fin X2 R/F

o v a

K ad o
sensor aa’]ﬂuuaﬁ’]ﬂiy%’mﬁﬂm%i%ﬂu p < 0.05

naanssuUs:=NeA
Tassmsieidisagalulddennurismiestn
89989 509MAN519138 03.A03Y quis TSnwlasenside
s fur iuSnunsa Aldlisuusiuas
JoRnaiusng q 203idinlngnaen
wwd mihiilsameiuiadsadesss Tsmeuna
aupanszgudns wazlsmeiviaudan Jmiadesse
lveusudensunuuaouanuazlviduuziiniuogied
ANNR13E YPaINT Newsidvaila ansnalinnig
unwnd wmanededesml v 9 vudilinuewasied
avvayugUnsallunisiivioya (udraessrisneuysddin
M51980: chest phantom) wagliauugindusee
Tssmgruranesnals Samdadesss faduayusy
Uz

[

vn o = & \ &
ARl EJ"NSUE]ﬂi']UﬂJa‘UWiEﬂmLUu@EJ’N@Q 11 2 Yonadl



References
1.

International Commission on Radiological Protection. Radiological
Protection and Safety in Medicine. ICRP Publication 73. Annals
of ICRP 1996; 26:1-47.

The Japan Medical Imaging and Radiological Systems Industries
Association and the National Institute of Radiological Sciences.
Diagnostic Reference Levels Based on Latest Surveys in Japan
[Internet]. 2015[cited 2018 August 10]. Available from: http://
www.radher.jp/J-RIME/report/DRLhoukokusyoEng.pdf
Tongruang C, Theirrattanakul S, Diswath W. Characterization
of an Optically Otimulated Luminescence NanoDot Dosimeters
for Diagnostic Radiology. Bulletin of the Department of Medical
Science 2016; 58:141-48.

European Commission. European Guidelines on Quality Criteria
for Diagnostic Radiographic Image [Internet]. 1996 [cited 2018
August 20]. Available from: https://seram.es/images/site/129
eur16260.pdf.

Banjong Kheonkaew. Digital Radiography. 2™ ed. Khon Kaen:
Faculty of Medicine Khon Kaen University; 2018.

National Electronics and Computer Technology Center. SizeThai-
land [Internet]. 2000 [cited 2019 August 20]. Available from:
http://www.sizethailand.org/region_all.html

10.

11.

Tengchaiyapoom J, Wibuluthai J, Hanpanich P. The Study of
Relationship of Appropriate Radiation Dose Following Standard
Criteria and Radiography Exposure Technique in Nongsung
Hospital, Mukdaharn province. Journal of Medicine and Health
Science 2020; 27:111-22.

Yensri L. Comparison of radiation absorbed doses among
patients undergoing standard chest radiographic examination
by Computed Radiography (CR) and Digital Radiography (DR).
The Southern College Network Journal of Nursing and Public
Health 2016; 3:129-39.

Buncharat S, Hamuttiti P. Patient doses in simple radiographic
examinations in Trang, Phatthalung and Satun provinces in the
transition from x-ray film to Computed Radiography. Journal of
Health Science 2016; 25:632-40.

Wutthisas J, Natheetorn C, Srisook A. Assessment of Entrance
Skin Dose and Organ Dose of Radiation in Patients Receiving
Chest X-ray Using PCXMC 2.0. Journal of Health Science 2014,
23:704-11.

Department of Medical Sciences,Ministry of public health.
Diagnostic reference level in general radiography [Internet]. 2017
[cited 2020 September 10]. Available from: webdb.dmsc.moph.

v daa o

go.th/radiation/eu5s@tade/AUTuNnssde1983gen-final pdf.

unsiAy -




