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2 7 PAMI S o] &3 FAAl ThE SR AR 1 Eof SS9 FAlo]l AFHIL Uk A7YAAIE AHF3L, A5 A
o] w2t HA o AFo 2 A7 E Suistelr| gt ko] Fastrh Syt 2007958 FAE AdF1FES

R, AFEok= 2009900 A=52 2ARS Sl U, shcgtutE g AdFI+ES nhdstgon Ad 201849 —71‘-/‘]'°ﬂ/\ = A#E
ZHCT (cone-beam computed tomography)2] AHT32E A2 Aot RARA AFS 98] Ao A AHgstE Adg &
A TR A gopstded, A 201999 dRE Eute] (#HEY A ueEgE FAska oje} HuE A% 2A
A AAEstATt AgRl/aor AFE 54 FIFEHeT AR WAL TE Y, siedvtE g, 4 Aot Aldi+2] dEHE AYE A 3
7t B Aot Aot ui & 7z Brh 9] AkEusES XA $37|3-E Bl A=oll 2% X AshEd, 233 9 XY
oA FUHAZEEY 3317, shietutE g 32871, EUCTE QG 30171 o2 AFHS SHsH 29 A 24 E, 2971719
BRE A EASHYTE AR AFS B R &2 9 AT B, Ak, A, 2589 HES, 758 HEE HS ¢
ek F7I2 2279 oIS A6k 2AHE AR 3AE 9] #he st A% 7 AdR e &2 o 2k 4
QA FHAZHEY 48 mGy: cm’, Tetut& g 354 mGy- cm?’, Z¥CT 1,956 mGy- cm®o|9, 40} T ZHE g 3
sheetutdy 224 mGy- cm’, ZWCT 1,350 mGy - cm’o|th. £ A75 53] 32 Ao 2|4st5 9451718 7|d et

Z2 70 ATk AUFTAE; St ARG SHAAEEE B T

A 2 Sh= %71 @t £9] digital radiography (DR) H]7} B
sl wet s 27004 FYstole sHo] FFS A
T mHAE o] &5t FFAA] TE A9 WA A WA B9 o] °olF B of#E AFoltt. o]
A mZo] FREY Fiol JFEHIL Ak A AFe & of wheh 7 m 7| ol FAF vk A Zto]Eeelo
Jrol whet FepA, durFo R wapsgo] SUHdS B Asith gAY AR BAtA WHAA HES
JAEH] FAEE Aol Yol AR FI7HIA &G el APFH o R A A o] 5& AFsty| iR 7

—

Ju

Received June 4, 2024 Revised July 3, 2024 Accepted July 5, 2024
*Corresponding author: {214, Tel: +82-2-6256-3051, E-mail: hmslsh@snu.ac.kr

Copyright © Korea Disease Control and Prevention Agency

This is an open-access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http:// KDCA
ETAmY-M  Creativecommons.org/licenses/by-nc/4.0/), which permits unrestricted non-commercial use, distribution, and reproduction in any Korea Disease Control and
medium, provided the original work is properly cited. Prevention Agency

www.phwr.org Vol 17, No 33, 2024 1393


http://www.phwr.org
http://crossmark.crossref.org/dialog/?doi=10.56786/PHWR.2024.17.33.1&domain=pdf&date_stamp=2024-8-22
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/

PHWR

“As low as reasonably achievable” ¥2lo]| wtz} Q] =HA
Ao 2HokE gAdlor . ol& fd =7 AR LeE
(diagnostic reference level, DRL)< 475ty F7]40=
MEE Aol dardct.

@ MZ0| ¢ & L}ee?
A% At BT BoA AGSHE Y 24 U PAHS

ZAFslith DRLS AMEA AAsta 20199 A3 271 A
S ueET v W, §UFsk
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AT

Al(as low as reasonably achievable, ALARA)"E Y& 0.2 5}
AL 0t ©] ALARA 35 24357 AsiA= AT SHKjus-
tification)2} %4 SHoptimization) ¥ 2]S wrtof s, X[
3t IGolA 7HE de] E&E= 2ol Al aE(diagnos-
tic reference level, DRL)O|t}. XITH3114=2-2 International
Commission on Radiological Protection (ICRP) 60 ¥ 73,
European Commission 7+2F 97/43/EuratomOl| Al %23}
£ 2457 A% URte 2 AAEAG,2]. 20149 =A]
YA+ 7] H-(International Atomic Energy Agency)ollA] 23t
3} “International Basic Safety Standards 2] requirement 349
mEw AR g B ANHTAES APES AT
Skl 312™, ICRP 135. Reportol A= £35] ZHCT (cone-
beam computed tomography) 4--¢} o] 7]&2] ¥sl7}t 9]
= Woll= 8% A ZH A = ofoF gtrkal Warskal )ItH3). ]
THEoff A= 22 209 | 5% BF(CFEED)0A HAE

HAZ 577k Wetelglon], sheetul @ 2HCT 3]
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Eo] wtzA F7kstel AkgusEo] £7129 A4l
dasteh SueollAs 2007958 ZAE Aegas
d7gskar, AHEoks 200990] A=A 2AHE Bl
, THeEhhE g A leES vhstgloH Ad 2018
d FAPIAE A-E ZUCTY] AHFIES A5 B4t
Atk & A= A= Mg, Xz, A s o
2713E do 2 20239 A3 =7t A asES vhst

A} Y A

1Y

o
S

=

o
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o} 20224 7%, A= A FO| 57| Ho| A ARgete AT w5
AP A = AR 25,2520, oheefntEg A
5,5679, ZRICTHA] 16,1020 °]t}h, ERICT-THeet}
T FA 9 Aeols FA 55 Al FHCT AAZ 75
o] st GR| 7t AL £2 YriEE HE fosfok
Stk A2 A% 71E0E 7 FAAA 300004 R2AF A

2 AAISFATHES I 1; available online).

2. GIOJE] %] S™ A ZARK| i
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AFeE
tH4]. European Guidelines on Diagnostic Reference Levels
for Paediatric Imaging. No. 185°] W2 4o} %
& 4% A FARAQOAE AUNE 03719, 3%
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E1.2024 A%} PERSE 44 32 2
dMEF 2= 7|Et =
THEY  HA sher A B 1. HIO|E| £ CjA} 545t
4of st} oj 4] 2
SheetelEe) Aol ] 2% WA YR/ AFE AAIT] A A T
i - A AAE QT 71 Be o dde 58S 5
ZHCTEY Ad A Al AR g Y dEHE
49 A A5 A o olzolAct. ANAY AAVHISE AR A =
dob T g AFAYAE A HH L A o] | o)mr) e B 33170, shechulEe 328
CT=computed tomography;lig-jot available B, ZHCTES 30174 71ke] Hefstgl o], 2 71l 4
Q1 - Aol #F AT 5 AEE RAFSIIT AR AA
Ao A RAFSE FEL TSIt ZTHIE 1). RAFSH:E WA} O A7 AEE 7|E0E AMVISHE BAT A% FUE SR
A%, & DRL quantity= dose area product (DAP, T A= Bt 7.69, ohicpubE = B¢ 5.74, 2CTH
mGy - cm)E ARESIAT DAPE SAHT ZAEA S F A e Bt 4.6902 AT A FHEBIAA 331
oto] AFESt Ao R o|2WHE o|&St= DAP SH7IE 9 5 249 1704, o]5F 161971 Z3=] Ut DAPHS
ARESH T FHE G2 Z97] 2AME Eoll DAP £471E H7)5b= AA = FHEIRA 3319 F 4T0(1.2%), THiet
AAA 71 AFe SHetgon, ety ZRicTd wEIAAE 328t F 200HH(61%), EHUCTHA = 301
& AlE7] AHel DAP $371E fAAR & AxSAR 5 210(70%) At
o 44 DAPE S4oI3th =& 272 7+ 57| oA 4
Al 4491 - aotghAtof| A AREShe HPRAE TIHHE AMESH 2. 3H XHEN
Aok 4] AHEE DAP S47|= BF w8 AR &4 THEY, Ty, SRCTEIY 42l - &of AF
BREA A4 H Aol FREQIT & A= = of Wt YA B AA SRER Aol et
7b Az i) Jegat golg =39 2848 Eol7] A% (kVp), HHF(mA), =& A THsecond)d 71&FAE
Qs A o] 559 g YA DA D HPAA AAstelon, T A gold g, Ha, o, 5, 28
oAl AP | Bl A A& AN TG A] FARE 58 25% =91, 75% =9 =2 & 29 £t
g o] s FAMR(ES 13 1; available online)ol] AR
= 2 719 2 sfjF 2704 9] AFEA S A A6t 3. B ESRE ME ZH AN
AAHAEE AL ol FHA 28 HHE A5t oh 712 AEG AieE Y-S A AFSHI2 DAP &
A, ZA7ISE, AR oA ®HASHE =&, FAAAH, Az 3719 ol 2 E A A7) AHo] YXAIA S5k
AL A 2EYy 52 3 71t skl AAL F5F0] B2 dHE DAP £X = ¥ 33 gt
it go|A =7 S, AR 7IRPE, Alx=7)
4, 57] o i) wet AgS vwet 2 ae I9 139 2
ok Q&7 S vl Al X2 det Ao de A eet
Hof Blsf oF 28] A= AFo] #A UEtHth &
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B2 ARZY ZAE 2924 B2 9%
aMBF EZA Iz E=ES Z|CH Y E= ] 25% 75%
THEEEA kvp A9l 64.2 60 70 65 60 60 70
40 64 60 70 60 60 60 65
mA 32 4.2 1 10 3 2 2 6
ENly 4.3 1 10 2.5 2 2 6
sec el 0.4 0.03 3.15 0.28 0.2 0.18 0.4
4o} 0.2 0.03 1.18 0.2 0.1 0.1 0.3
T ubg ] kvp A 76.5 63 94 74 74 73 80
2o} 70.6 60 94 67 67 67 72
mA A 10.7 15 10 12 10 12
2o} 8.6 12 10 10 7 10
sec kil 13.9 7.15 24 13.5 13.5 13.5 14.1
e 13.3 6 24 13.5 13.5 11.5 14
ZHICTE YA kvp 4 90.4 74 120 94 94 85 94
4o} 87.7 65 100 90 94 80 94
mA kil 10.5 2.8 13 8 8 7.4 8.3
4o} 7.1 13 73 7 6.5 7.7
sec 2 18.6 5 24 18 18 18 24
4o} 18.3 5 24 18 18 18 22
CT=computed tomography.
B3 AHEF A F7E 49120t DAP 21X A%
A EF AF Gt A Z|CH Y 25% 75%
FUE 49l 42.8 4.0 270.1 32.0 19.4 48.2
2o} 275 2.4 219.4 23.9 13.4 30.8
T gtotE Al 333.7 12.1 5,492.4 151.2 101.3 354.3
Ao} 2175 11.4 5,030.0 87.3 55.8 223.6
ZHCTEY A9l 1,413.4 110.0 9,387.9 913.4 684.1 1,856.1
Aof 1,146.4 46.3 9,290.6 744.2 597.8 1,349.7
@9 mGy- cm’. DAP=dose area product; CT=computed tomography.

oA =7 FE, ARG 7E, AxS7HER AFe ¥l

oF I Ee 1 29k Eh

1396

e FUEY 49 48 mGy - cm’, FHEY Aot 31
mGy - cm’, et A9l 354 mGy - cm’, TRt
% Aof 224 mGy - cm?, ZHCTEY 421 1,856 mGy - cm’,
FZRICTEY A0} 1,350 mGy - cm* 2.2 AAE|r},

NMEA AR AREG AdF1eE2 Ad 20194
of Wi gy Bl Al {Foult FAE HolA] FAL, 2
518 F7Het golth. Ad 2ARIA FHEF-LE F2 46
mGy - cm’, 40} 29.9 mGy - cm’& o A4 gt F

www.phwr.org Vol 17, No 33, 2024


http://www.phwr.org

I Public Health Weekly Rs.:uu’\

DAP 3AEQ| &

450 A
400 376.925 89345 3743 380.75
354
350 —
312.7
300
250 -
207.1
200 A 188.875
155.8
150 - 145.825 e
100 -
50
O “ T T T T T T T )
N N X N X
o/\‘/ &4/ \&‘," 0@ g o D > P
R EERSEIR

T 1. st oA Jmr|#FE, ARSI, AlZRSTE B
A gl o2 DAP 3AE Y 3

DAP=dose area product.

7bet 3he Bk weaulEo] AL 2
A 354 mGy - e’ 27| Z7ktnt. 24
2,060 mGy - cm®|A4] 1,856 mGy - cm’& 27} 7H4skqict
1. 53] 2A 715t ohicetutEg A
], W], E3gu|olA DAPZE E=A UErdt o=
ZAtol Folgh gt B3gu] o] Bt AHg7Io] oF 5
Al Mg vejshd Fof et shichubule A Q)
ofl A BAbEl 2ok AAlolH, o]t PR WA T E
o] £2 o2 4T 4 gl Ea A Tehsk o] B8 A
o] A} A2y oA Mol oF 2] F& A RAHE|o] 9
2717 32 Ao7h & Aoz yehyth A7ejge] 3
A o5t AR BAMAAE RG] ohe o] Wol 9=t
NNE F7F 50 AF A A] 92t 9 727] T Hl5| W

ZAIAE od ATFILE 24}

7 mGy - cm®9]
ICT9 B¢ A<

mlru
M
1
%
[
=)
B
ot

0.

¢

Bk 24 A%E 9E Lo uad 2L R4S it
HolA elo7h ok, A IR e ES > Y= T
2912 o 713 HYate] o4 el Hl8) gL 2ol A
el o)zs|eo] HgEIgek. old Mol Y o] 2l

SRnSET A Ao A sEo] Al

© %= HEtd dle s BAEY. FHCTE field of view
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DAP 3Ar2¢9| gt
3,500

2,999.2

3,000

2,500 2,320.375

2,000  1,804.05 1,809 17732 18527

1,658.35
1,500 1,358.4
1,000

500

0- T T T T

S 2 X ™
A\/\/ & . \;33(/ o\&% \QV \"0 %\&\ %‘3’
R @

J8 2. ZRCTEFONA d=7183E, AH8713,
£ DAP 3ARES 3
DAP=dose area product.

Az=7o] ot

(FOV) Alee] uet 4lzgo] 27| Gebx)7] thio] FOV7H 4
@ o s %o 109 o]t AFRSF Zu|o| 4] Heko] HA =4
2 42t B BEASIA Frste
3 gto] ohujeh olch

IAES BT 1
2 SE 9T, $Ae] Ao ot
o ARFnSERT} B AP A8t Bttt 4
9ot Suee ggolatd ozael 4o gact £t
AR GAFAA s
Sze omwolA A8t A
#ejahs o] 1 BHo] glon], WsHow sk wejo 3
7 AgEolof gtk o ms|wol N ARHISES AT B8
st AT A Ho] HAsts G Pt g
7120] o|F F7t AFTSE A Aol A A ans

ekl 4 9718 7],

2 AForL

HAFSHA S ot A

o] HgAFA0|A] YEE
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Establishment of Diagnostic Reference Levels for
Dental Radiography in 2023

Juhee Kang', Jonghun Won?, Jongwon Gil>, Youjeong Min?, Min-Suk Heo®*

'Department of Oral and Maxillofacial Radiology, Seoul National University Dental Hospital, Seoul, Korea, *Divison of Medical Radiation and
Health Managemtent, Department of Health Hazard Response, Korea Disease Control and Prevention Agency, Cheongju, Korea,
*Department of Oral and Maxillofacial Radiology, School of Dentistry, Seoul National University, Seoul, Korea

ABSTRACT

Recent studies have focused on radiation exposure in patients undergoing medical imaging examinations utilizing ionizing
radiation. Striving for optimal radiation doses according to the principles of justification and optimization is essential. In the
Republic of Korea (ROK), diagnostic reference levels (DRLs) for various imaging devices have been in place since 2007, and
DRLs for intraoral and panoramic radiography were established following a nationwide survey in 2009. Cone beam computed
tomography (CBCT) DRLs were established for the first time in 2018. The status of diagnostic radiography equipment used
in dentistry was assessed to select the study subjects. A survey form was developed to compare the DRL values for dental
radiography with published in ROK in 2019. We investigated DRLs for specific radiographic procedures in adults and children.
Dose values were collected using radiographic equipment at dental university hospitals and dental hospitals and clinics
throughout the country. Exposure information and equipment details were analyzed along with the collected data. Based on
the measured dose values, exposure conditions and the average, minimum, maximum, 25th percentile, and 75th percentile
dose values were obtained. Additionally, the most frequent exposure conditions were analyzed. Based on this information,
the proposed national DRLs for dental radiography for 2023 follow: adult intraoral radiography 48 mGy-cm’, panoramic
radiography 354 mGy:cm®’, CBCT 1,856 mGy- cm’, child intraoral radiography 31 mGy-cm’, panoramic radiography 224
mGy- cm’, CBCT 1,350 mGy- cm’. We hope that this study will contribute to the optimization of patient radiation doses for

dental radiography.

Key words: Dentistry; Diagnostic reference levels; Panoramic radiography; Cone-beam computed tomography; Intraoral

radiography

*Corresponding author: Min-Suk Heo, Tel: +82-2-6256-3051, E-mail: hmslsh@snu.ac.kr

Introduction radiation dose varies depending on the imaging conditions.
Generally, image quality tends to improve with an increased
Recently, radiation exposure of patients from imaging ex- radiation dose. Despite the wide availability of equipment for

aminations has received growing public attention. Patient digital radiography (DR), image quality is minimally affected

www.phwr.org Vol 17, No 33, 2024 1399
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Key messages
(D What is known previously?

According to the principle of “as low as reasonably
achievable,” optimization of medical radiation should be
achieved, and national diagnostic reference levels (DRLs)
should be established and periodically revised for this

purpose.

(@ What new information is presented?

We investigated radiation doses used in dental medi-
cal institutions nationwide. New DRLs were established
and compared against the 2019 national DRLs for dental
radiography.

® What are implications?

Efforts should be focused on reducing medical radiation
doses administered to patients by establishing DRLs and

optimization processes.

even via DR under overexposure conditions, thus making
it difficult to evaluate radiation exposure. Therefore, guide-
lines and reference dose for radiation are needed in medi-
cal institutions. Although medical radiation can expose pa-
tients to radiation, it does provide direct benefits to patients
and hence no dose limits have been set. However, to protect
patients from unnecessary radiation, the principle of “as low
as reasonably achievable (ALARA)” is followed. To adhere
to the ALARA principle, justification and optimization prin-
ciples should be implemented; the diagnostic reference level
(DRL) is the most widely applied principle in the optimization
process. Establishing the DRL was proposed to achieve opti-
mization by the International Commission on Radiological
Protection (ICRP) Publications 60 and 73 and the European
Commission Council Directive 97/43/Euratom [1,2]. In

2014, the International Atomic Energy Agency stated in
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“The International Basic Safety Standards: Requirement 34”
its reccommendation that the government set its own DRL.
Furthermore, in the ICRP Publication 135, it is recommend-
ed that the DRL be revised as frequently as needed, especially
when there are changes in technology, such as in the case of
cone-beam computed tomography (CBCT) [3]. In dentistry,
the image receptors have changed from film (analog) to digital
sensors in the past 20 years. The use of panoramic radiography
and CBCT has increased rapidly, further necessitating periodic
resetting of the DRL. In the Republic of Korea (ROK), DRL
has been set for each imaging device since 2007. In dentistry,
the DRL for intraoral and panoramic imaging was established
through a nationwide survey in 2009, while that for CBCT was
established for the first time through a survey in 2018. This
study aimed to establish the national DRL for dental imaging
in 2023 by targeting dental university hospitals, dental hospi-

tals, and dental clinics across the country.

Methods

1. Current Status of the Diagnostic Radiation

Equipment in Dentistry

To ensure the reliability of the survey results for DRL revi-
sion in dental imaging, we investigated the current installation
status of the diagnostic radiation equipment for dental imaging
in ROK by region and medical institution using the equipment
status statistics recorded by the Korea Disease Control and
Prevention Agency (KDCA). As of 2022, the number of diag-
nostic radiation equipment used in dental medical institutions
nationwide included 25,252 intraoral imaging devices, 5,567
panoramic imaging devices, and 16,102 CBCT machines.

Combined CBCT-panoramic imaging devices are classified as
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CBCT devices during registration, which may have led to an
underestimation of the number of panoramic imaging devices.
Based on the medical equipment status, 300 imaging devices
of each type of diagnostic radiation equipment were used for
the investigation in this study (Supplementary Table 1; avail-

able online).

2. Data Collection and Questionnaire

Development

To revise the national DRL for dental imaging, intraoral ra-
diography, panoramic radiography, and CBCT were selected
as the DRL inspection items based on those used in previous
studies [4]. The European Guidelines on Diagnostic Reference
Levels for Pediatric Imaging No. 185 states that when set-
ting the pediatric DRL, the age ranges for head and neck im-
aging are divided into 0-3 months, 3 months to 1 year, 1-6
years, and >0 years [5]. The items investigated in this study
are shown in Table 1. Irradiation dose (i.e., DRL quantity) was
measured as the dose area product (DAP; mGy - cm?). The
DAP is a radiation dose calculated by multiplying the absorbed
dose and the irradiated area, and it was measured by a DAP
meter using an ionization chamber. For intraoral imaging, the
DAP meter was placed at the end of the dental X-ray tube to
measure the radiation dose. For panoramic radiography and

CBCT, the DAP meter was placed in front of the collimator,

and the DAP was measured over the entire exposure time. The
exposure conditions used were those actually used for adult
and pediatric patients at each medical institution. All DAP me-
ters used for measurement were calibrated, and their validity
and reliability as measuring equipment were ensured. To in-
crease the accuracy of the national DRL and efficiency of data
collection, this study designed a method wherein the question-
naire (Supplementary Figure 1; available online) developed for
inspecting diagnostic radiation equipment registered with the
KDCA and radiation protection facilities was used to enter the
imaging conditions for each inspection item, conduct dosim-
etry under the respective conditions, and investigate the DRL.
Additional information such as the region, device expiration
date, exposure amount indicated by each device, device system,

manufacturer, and model name were also recorded.

Results

1. Data Measurement Targets

The medical institutions selected as data measurement tar-
gets were among those that requested inspection institutions to
inspect their diagnostic radiation instruments. The medical in-
stitutions participating in this study to revise the national DRL
for dental imaging included 331 medical institutions for intra-

oral imaging, 328 institutions for panoramic imaging, and 301

Table 1. Selected criteria for the 2024 national DRLs in dental radiography
Examination type Patient size Protocol
Intraoral radiography Adult Mandibular fist molar
Child Mandibular fist molar
Panoramic radiography Adult -
Child -
CBCT Adult Implant planning for maxillary fist molar
CBCT Child Evaluation of mesiodens or impacted canine
DRL=diagnostic reference level; CBCT=cone-beam computed tomography; -=not available.
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institutions for CBCT. The information on the radiation dose
for radiography in adults and children at each institution was
investigated. The results of the expiration date analysis of the
investigated devices based on the year of manufacture showed
that the average remaining expiration period was 7.6 years for
intraoral imaging devices, 5.7 years for panoramic imaging
devices, and 4.6 years for CBCT devices. Among the 331 in-
traoral imaging devices, 170 were fixed and 161 were mobile
devices. The DAP values were displayed in 4 out of 331 (1.2%)
intraoral imaging devices, 200 (61%) out of 328 panoramic

imaging devices, and 210 (70%) out of 301 CBCT devices.

2. Analysis of Dental Radiography Conditions
Radiography conditions for intraoral imaging, panoramic
imaging, and CBCT were analyzed according to the adult and

pediatric ages. Descriptive statistical analysis of the tube voltage

(kVp), tube current (mA), and exposure time (second) was
performed for each imaging type and age group. Table 2 shows
the confirmed mean, minimum, maximum, median, mode,

first quartile (25% level), and third quartile (75% level) values.

3. Dose Measurement Results by Imaging Type

in Dental Radiology

Dosimetry for establishing the DRL for dental imaging was
conducted by placing the ionization chamber of the DAP me-
ter in front of the respective device collimator. The distribution
of the DAP by age group according to the dental imaging type
is shown in Table 3. Figure 1 shows the graphs comparing the
irradiation doses in panoramic imaging according to the medi-
cal institution type, expiration date, country of manufacture,
and combined or non-combined imaging device. The com-

parison of the dose by medical institution type showed that the

Table 2. Distribution of exposure conditions
Examination type Tcichnique Pa'Fient Mean  Minimum  Maximum Median Mode  25% 75%
actors size
Intraoral radiography kvp Adult 64.2 60 70 65 60 60 70
Child 64 60 70 60 60 60 65
mA Adult 4.2 1 10 3 2 2 6
Child 4.3 1 10 25 2 2 6
sec Adult 0.4 0.03 3.15 0.28 0.2 0.18 0.4
Child 0.2 0.03 1.18 0.2 0.1 0.1 0.3
Panoramic radiography kVp Adult 76.5 63 94 74 74 73 80
Child 70.6 60 94 67 67 67 72
mA Adult 10.7 15 10 12 10 12
Child 8.6 5 12 10 10 7 10
sec Adult 13.9 7.15 24 13.5 135 13.5 14.1
Child 13.3 6 24 13.5 13.5 11.5 14
CBCT kvp Adult 90.4 74 120 94 94 85 94
Child 87.7 65 100 90 94 80 94
mA Adult 10.5 2.8 13 8 8 7.4 8.3
Child 7.1 13 7.3 7 6.5 7.7
sec Adult 18.6 5 24 18 18 18 24
Child 18.3 5 24 18 18 18 22
CBCT=cone-beam computed tomography.
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Table 3. Distribution of DAP
Examination type Patient size Mean Minimum Maximum Median 25% 75%
Intraoral radiography Adult 42.8 4.0 270.1 32.0 19.4 48.2
Child 275 2.4 219.4 239 13.4 30.8
Panoramic radiography Adult 333.7 12.1 5,492.4 151.2 101.3 354.3
Child 2175 11.4 5,030.0 87.3 55.8 223.6
CBCT Adult 1,413.4 110.0 9,387.9 913.4 684.1 1,856.1
Child 1,146.4 46.3 9,290.6 744.2 597.8 1,349.7
Unit: mGy - cm”. DAP=dose area product; CBCT=cone-beam computed tomography.
Third quartile DAP Third quartile DAP
450 1 3,500 1
400 - 393_.45 381.75 2,999.2
376.925 a5 374.3 3’000 -
3501 3127 (]
300 A 2,500 2320375
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Figure 1. Third quartile DAP values in panoramic radio-
graphy by medical institution type, device age, manufacturing
country, and device type

DAP=dose area product.

dose in dental clinics and dental hospitals was almost twice as
high as that in dental university hospitals. The graphs compar-
ing the dose in CBCT by medical institution type, expiration

date, and country of manufacture are shown in Figure 2.

Discussion

The DRL value (arbitrary nominal value set at 75% of the
distribution of investigated doses) was established based on the

third quartile values investigated in this study. The national

www.phwr.org Vol 17, No 33, 2024

Figure 2. Third quartile DAP values in CBCT by medical ins-
titution type, device age, manufacturing country
DAP=dose area product; CBCT=cone-beam computed tomography.

DRL for dental imaging in 2023 was set at 48 mGy - cm” for
intraoral imaging in adults, 31 mGy - cm’ for intraoral im-
aging in children, 354 mGy - cm® for panoramic imaging in
adults, 224 mGy - cm” for panoramic imaging in children, and
1,856 mGy - ¢cm” for CBCT in adults, and 1,350 mGy - cm’
for CBCT in children.

The newly established DRL for dental imaging showed
no significant decrease but rather an increase compared to
the DRL announced in 2019. In the last survey, the DRL
for intraoral imaging was 46 mGy - cm” for adults and 29.9

mGy - cm’ for children, indicating a slight increase in the
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values recorded in this survey. The DRL for adults increased
significantly from 227 mGy - cm” in the last survey to 354
mGy - cm” in this survey for panoramic imaging but decreased
slightly for CBCT from 2,060 mGy - cm” to 1,856 mGy - cm®
[4]. Notably, the results of analyzing panoramic imaging de-
vices with significantly increased DRL showed that the DAP
was high with the latest equipment, domestic equipment, and
combination equipment. Considering that the mean expiration
date of the domestic equipment and combined equipment in-
vestigated in this study was approximately 5 years, the recently
purchased panoramic devices are mostly combination devices
produced domestically, which could explain the high DAP of
these imaging devices. Additionally, the radiation dose in den-
tal clinics and dental hospitals was twice as high as that in den-
tal university hospitals, indicating a significant difference by
medical institution type. Dental clinics usually do not employ
dental radiologists or radiology technicians, and national-level
dose surveys in foreign countries have also shown that dental
clinics have a wider distribution of radiation doses than medi-
cal institutions. This study is significant because it has a rela-
tively high representativeness owing to the significantly higher
number of radiation dose measurements compared to the pre-
vious DRL surveys. However, since this study randomly select-
ed target medical institutions to represent all medical institu-
tions, it involved a larger number of dental clinic-level medical
institutions than those in previous studies. This could be why
the DRL in this study showed an overall increasing trend com-
pared to the previous DRLs in ROK. Since the radiation dose
in CBCT varies greatly depending on the field of view (FOV)
selection, it is believed that the radiation dose measured was
lower on devices that have been used for more than 10 years

with relatively smaller FOVss.

1404

Several reports on DRL emphasize that it is not a value in-
tended for dose limitation. The equipment advancements fa-
cilitate obtaining images adequate for diagnostic purposes even
with doses lower than the first quartile of the overall distribu-
tion. Furthermore, if it is justifiable to use a dose higher than
the DRL depending on the patient's situation, this should be at
the discretion of the medical professional. Additionally, each
examination do not be evaluated. The purpose of the DRL is
to ensure that the dose used by medical institutions is within
normal limits and should be implemented in conjunction with
image quality management. We hope that medical institutions
will actively utilize the DRL and strive to optimize patient dose
during dental imaging, thereby achieving dose reduction ef-

fects when the national DRL is revised in the future.
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Surveillance of Tick Population in the Republic of Korea, 2023

Byung—Eon Noh, Hyunwoo Kim, Jung-Won Ju, Hee-Il Lee*
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Korea Disease Control and Prevention Agency, Cheongju, Korea

ABSTRACT

Ticks are important vectors of infectious diseases, transmitting viral, bacterial, and protozoan pathogens to humans.
Among tick-borne diseases, severe fever thrombocytopenia syndrome (SFTS), which was first discovered in China in 2009,
has been designated as a class 3 legal infectious disease in the Republic of Korea (ROK), where it was first reported in 2013.
The number of patients with SFTS has continued to increase since the first report. The tick population in the country was
monitored to prevent tick-borne diseases. The Division of Vectors and Parasitic Diseases of the Korea Disease Control and
Prevention Agency operates a climate change vector surveillance center. The survey was conducted in copses, grasslands,
graves, and mountain roads (a total of four environments) in 32 regions from April to November of 2023. In this survey,
110,624 ticks were collected, and three genera and five species were identified. The dominant species among the classified
ticks was Haemaphysalis longicornis (except for larvae). In terms of the environment, most of the ticks were collected from
grasslands (53,348 ticks, 48.2%), followed by graves (24,904 ticks, 22.5%), copses (18,241 ticks, 16.5%), and mountain roads
(14,131 ticks, 12.8%). The tick index (trap index; number of individuals/traps/days) in 2023 decreased by 9.8% and 32.8%
compared with the percentage and average percentage in 2022 and for 2018-2022, respectively. Because tick-borne infectious
diseases are steadily increasing in the ROK, annual surveillance of changes in tick populations due to climatic and geographical
factors is essential for public health. The occurrence of ticks in 2023 decreased by 9.8% compared with that the previous year.
However, there is a high risk that ticks and tick-borne diseases will increase owing to climate change; therefore, surveillance

for ticks must be conducted continuously.

Key words: Ticks; Severe fever thrombocytopenia syndrome; Haemaphysalis longicornis; Surveillance
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Introduction sense carbon dioxide, ground vibrations, body temperature,
and odors; they attach themselves to moving wild animals and

Ticks, classified under the class Arachnida and family transmit pathogens when they feed on their hosts. Three-host

Ixodidae, parasitize a wide range of mammals, including wild ticks feed on three different host animals at each stage (lar-
rodents, dogs, deer, wild boar, and humans, as well as birds va, nymph, and adult) of their lifecycle. Ticks are vectors for
and reptiles. Ticks wait for their hosts in the grass, where they various pathogens, including viruses, bacteria, and protozoa,
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Key messages
(D What is known previously?

Severe fever thrombocytopenia syndrome (SFTS) is a
class 3 legal infectious disease. It is transmitted via in-
fected ticks. Among the ticks distributed in Republic of
Korea, Haemaphysalis longicornis, Haemaphysalis flava,
Ixodes nipponensis, and Amblyomma testudinarium are
known SFTS vectors.

(@ What new information is presented?

Tick index (trap index; number of individuals/traps/
days) in 2023 decreased by 9.8% and 32.8% compared
with the percentage and average percentage in 2022
and for 2018-2022 (last 5 years), respectively. Typhoon
Kanun No. 6 in August and heavy rainfall during the
summer appeared to be the main factors responsible for
the decrease in the tick population.

(® What are implications?

Monitoring the occurrence and density changes of vec-
tors is essential for the prediction and prevention of vec-
tor-borne diseases. To predict the surveillance of vector-
borne diseases caused by climate change and overseas in-
flow, it is very important to operate a vector surveillance
center.

which are responsible for causing numerous diseases; among
these, severe fever with thrombocytopenia syndrome (SFTS),
a designated Class 3 national notifiable infectious disease in
the Republic of Korea (ROK), has been increasing every year
since its first reported case [1] in 2013. Following its first
identification in China in 2009 [2], the number of cases of
SFTS has continued to increase in East Asia, including ROK,
China, and Japan [3,4]. In ROK, from 2013 — when the first
case was identified — to 2023, 1,895 cases have been re-
ported, of which 355 died, representing a case fatality rate of

18.7% [5]. Most patients are infected through the bite of a

www.phwr.org Vol 17, No 33, 2024

tick carrying the virus; however, rare cases have been reported
where the infection was contracted through contact with body
fluids and blood from infected humans or animals. In ROK,
Haemaphysalis longicornis, Haemaphysalis flava, Ixodes nip-
ponensis, and Amblyomma testudinarium have been identi-
fied as the primary vectors of SFTS [6].

Compared to other medically important insect pests (such
as mosquitoes, lice, and fleas), ticks exhibit a complex life his-
tory and require host blood at each stage of development.
Thus, it is essential to conduct long-term, ongoing surveys for
monitoring their populations. Accordingly, the Division of
Vector and Parasitic Diseases of the Korea Disease Control and
Prevention Agency has established ‘Regional Climate Change
Vector Surveillance Center’ to operate a surveillance system
for efficient management and prevention of mosquito- and
tick-borne diseases. In 2023, the number of survey sites was
increased to 32 to collect data on the density and distribution
of ticks in accordance with the measures against zoonoses.
The aim of this study was to provide fundamental data for the
prevention and management of tick-borne infectious diseases
through analysis of tick density data collected by the regional
vector surveillance centers in response to climate change in

2023.

Methods

1. Collection Regions and Environments

Ticks were collected by the regional climate change vec-
tor surveillance center. The survey sites were located in
Incheon Metropolitan City, Ulsan Metropolitan City, Gwangju
Metropolitan City, five regions in Gangwon-do (Gangneung-

si, Wonju-si, Samcheok-si, Inje-gun, Hwacheon-gun), four
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regions in Gyeonggi-do (Gwangju-si, Paju-si, Pocheon-si,
Pyeongtaek-si), two areas in Chungcheongbuk-do (Cheongju-
si, Chungju-si), three regions in Chungcheongnam-do
(Gongju-si, Dangjin-si, Boryeong-si), two regions in Jeollabuk-
do (Gochang-gun, Gunsan-si), three regions in Jeollanam-
do (Gokseong-gun, Boseong-gun, Yeongam-gun), four re-
gions in Gyeongsangbuk-do (Gunwi-gun, Sangju-si, Andong-
si, Yeongdeok-gun), three regions in Gyeongsangnam-do
(Gimbhae-si, Hapcheon-gun, Jinju-si), and two regions in Jeju-
do (Jeju-si, Seogwipo-si). In each region, various environments,
including mountain roads, graves, copses, and grasslands, were
selected for the survey, taking into account human activity and

contact with ticks.

2. Collection Periods and Methods

Ticks were captured in the third week of each month, from
April to November 2023, by setting up 12 dry ice-baited traps
(three per environment) at 2:00 PM and collecting the cap-

tured ticks at 10:00 AM the following day.

3. Identification and Analysis
The collected ticks were identified using the tick identifica-
tion key developed by Yamaguti et al. [7] to characterize ex-

ternal morphology under a dissecting microscope; the larvae

were classified to the genus level due to limitations in accurate
identification. Tick prevalence was quantified as the average
number of individuals collected per trap (trap index; num-
ber of individuals/traps/days). The climate-related informa-
tion at the time of the survey was analyzed using multi-point
statistics from the Automated Surface Observation System on
the Open Weather Data Portal of the Korea Meteorological
Administration (KMA) [8]. Distribution maps were generated
using the inverse distance weighted method of the spatial ana-
lyst tool within ArcGIS 9.0 (Environmental Research System

Institute), based on species-specific indices.

Results

In 2023, a total of 110,624 individuals from five tick spe-
cies belonging to three genera were collected during the tick
survey (Table 1). An average of 3,457 ticks were collected per
region. With respect to the region, tick density was the high-
est in Yeongdeok-gun, Gyeongsangbuk-do, and the lowest
in Andong-si, Gyeongsangbuk-do. The period of high densi-
ties varied by region, but the highest densities were observed
in August and September, with high larval emergence. Of the
ticks collected (excluding larvae), H. Iongicornis, the main vec-

tor of SFTS, was identified as the dominant species at 57,765

Table 1. Total number of collected ticks by four environments

Genus Species Graves Mountain roads Copses Grasslands Total
Amblyomma testudinarium 10 (<0.1) 35(0.2) 37 (0.2) 47 (0.1) 129 (0.1)
Haemaphysalis ~ flava 336 (1.3) 442 (3.1) 433 (2.4) 554 (1.0) 1,765 (1.6)
Haemaphysalis  japonica 3 (<0.1) 1(<0.1) 5(<0.1) 1(<0.1) 10 (<0.1)
Haemaphysalis  longicornis 9,697 (38.9) 7,740 (54.8) 11,287 (91.9) 29,041 (54.49) 57,765 (52.2)
Ixodes nipponensis 21 (0.1 17 (0.1) 16 (0.1) 28 (0.1) 82 (0.1)
Larva 14,837 (59.6) 5,896 (41.7) 6,463 (35.4) 23,677 (44.4) 50,873 (46.0)
Total 24,904 (100.0) 14,131 (100.0) 18,241 (100.0) 53,348 (100.0) 110,624 (100.0)
Unit: n (%).
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(96.7%). In terms of the environment, the largest number of
individuals, 53,348 (48.2%), were collected from grasslands,
followed by 24,904 (22.5%) from graves, 18,241 (16.5%)
from woodlands, and 14,131 (12.8%) from mountain trails.
With respect to the developmental stage, adults first emerged
in April and peaked in July. Nymphs were most abundant in
May, mainly found in the spring and early summer (Figure
1). With regard to larvae, regional variations exist, but they
generally began to appear in July and peaked in August and
September, accounting for 86.2% of the individuals collected
in September. H. longicornis and H. flava were collected from
all sites, despite differences in the number of individuals col-
lected. In contrast, I. nipponensis was not observed at 10 out
of 32 sites (Ulsan Metropolitan City, Inje-gun, Samcheok-si,
Gwangju-si, Chungju-si, Nonsan-si, Boseong-gun, Gimhae-
si, Seogwipo-si, and Jeju-si); furthermore, in areas where the
species was found, no more than 15 individuals were collected
(Figure 2). As a species mainly collected in the southern re-
gions, A. testudinarium was also captured in Gimcheon-si and
Ulju-gun in 2022, but not this year. However, it was collected
at the additional sites of Gongju-si and Yeongdeok-gun this
year. Haemaphysalis japonica was only collected in Inje-gun

and Hwacheon-gun. Larvae accounted for a high proportion

(46.0%) of the collected ticks, leading to a distribution of larvae

similar to that of total ticks.

Discussion

The overall tick index for 2023 was 306.0, decreasing by
9.8% from the previous year (39.9) and by 32.8% from the
average (53.5) (Figure 3). The prevalence of each life stage
(adult, nymph, and larvae) was consistent with previous stud-
ies [9], with peaks in June-August, May-June, and August—
September, respectively. Adults lay eggs in the summer, follow-
ing which the larvae transition into the nymphal stage in the
fall, maintaining a consistent larval population density from
August to September. Since ticks are primarily in the nymphal
stage during the winter [8], the nymphal population increases
in the spring after overwintering. In 2023, there was a no-
table decrease in the number of individuals, particularly dur-
ing August and September, with high larval emergence. In the
summer of 2023, the national average rainfall was 1,018.5
mm, showing an increase of 345.7 mm compared to the previ-
ous year of 672.8 mm. Additionally, in the week before the tick
collection period in August, Typhoon Kanun (2.5 times the

impact of a normal summer typhoon) featured strong winds

30,000 7 B Adult
= Nymph

P 25,000 - [ Larva
220,000
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o |
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Time (mo) by developmental stage
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and heavy rains. As such, the extraordinary summer rains and
typhoons across the Korean Peninsula may have contributed to
the changes in tick density. These may have affected summer
adult spawning and larval hatching, resulting in lower-than-
normal densities in August and September.

SFTS cases peak in October, which is attributed to an

1416

increase in tick density in August and September due to lar-
val emergence, leading to an increased risk of human expo-
sure and contact. Adult Ixodes ticks lay 3,000-8,000 eggs in
the summer, and the SFTS virus is known to be transovarially
transmissible, spreading from parents to eggs [10]. Therefore, a

large proportion of larvae hatching from eggs is likely to harbor
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the SFTS virus. The increase in density and the increased po-
tential for tick exposure during this time of year, which coin-
cide with outdoor activities such as ancestral grave tending and
fall foliage watching, seem to be associated with the increase in
patients, warranting further epidemiologic analysis.

H. longicornis and H. flava were found to be distributed
throughout the country; notably, A. testudinarium, a species
previously observed only in the southern regions, was collected
in Gongju-si and Yeongdeok-gun in 2023, suggesting that its
distribution could expand due to global warming. I. nippon-
ensis was not found in Inje-gun, Gangneung-si, Gwangju-si,
Chungju-si, Nonsan-si, Boseong-gun, Gimhae-si, Ulju-gun,
and Jeju-si, and in most of the areas where it was collected,
there were no more than 10 individuals, which could be attrib-
uted to differences in collection environment and methods. H.
kutchensis was only collected in Inje-gun and Hwacheon-gun,
could be attributed to the regional characteristics of the moun-
tainous area.

H. longicornis, known to be the main vector of SFTS, was
identified nationwide and accounted for a very high propor-
tion of 96.7%, whereas H. flava, I. nipponensis, and A. testudi-
narium, three other species capable of transmitting SFTS, were
also identified in the survey, although in smaller numbers. As
outdoor activities can increase the frequency of contact with
ticks, it is recommended to take precautions such as wearing
long-sleeved clothing and long pants during farming and out-
door activities and checking for ticks while bathing the body
after outdoor activities. Using tick repellent during outdoor
activities is also an effective measure to minimize contact with
ticks.

Since the analysis of this study data was performed using

climate information provided by the KMA, it was not possible

www.phwr.org Vol 17, No 33, 2024

to analyze the exact differences in the actual collection sites
and the impact of these differences. The study has been con-
ducted in only 32 regions across the country and may not be
representative of the entire country. Continuous monitoring
of tick populations is necessary due to the changing climate in
ROK, which is transitioning from a temperate to a subtropi-
cal climate, posing an increased risk of tick-borne diseases.
This warrants further prevention-related studies on the threat
of pathogens through research into the relationship between
pathogens and hosts. This study provides data on the occur-
rence and distribution of ticks throughout the year, facilitating
future comparisons of the distribution and occurrence of ticks
and development of preventive strategies for tick-borne infec-

tious diseases.
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QuickStats

Trends in Hypertension and Diabetes Patients and
Medical Expenses, 2012-2022

In 2022, the numbers of hypertension and diabetes patients in the Republic of Korea were 7.01 million and 3.69 million,
respectively, an increase of 211 thousand (3.1%) and 130 thousand (3.6%) compared to the previous year (Figure 1). Medical
expenses in 2022 were 4.2 trillion won for hypertension and 3.4 trillion won for diabetes, increased about 2 trillion won in 10

years (Figure 2). The number of patients and medical expenses for hypertension and diabetes have been increased.
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Figure 1. The number of hypertension and diabetes patients, Figure 2. The medical expenses of hypertension and diabetes,
2012-2022 2012-2022

*International classification of diseases (I.C.D): Hypertension (I10), Diabetes (E10-E14)

Source: National Health Insurance Service, National Health Insurance Statistical (2022)

Reported by: Division of Chronic Disease Prevention, Department of Chronic Disease Prevention and Control, Korea Disease Control
and Prevention Agency
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