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Investigation of dental radiography examinations and effective dose of children and
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Running title : A study of dental radiography examination of children and adolescents

Purpose: This study aimed to investigate the dental radiography status and radiation risk of children and adolescents for 5 years
in Yonsei University Dental Hospital.

Materials and Methods: The dental radiography database of individuals under the age of 18 years was provided by the electronic
medical records (EMR) from Yonsei University Dental Hospital from 2015 to 2019. The type of dental radiography included pan-
oramic radiography, periapical radiography, bitewing radiography, cephalometric radiography, cone-beam computed tomography
and computed tomography. The number of dental radiographies and the effective dose per person was investigated.

Results: For 5 years, panoramic and periapical radiography were taken the most. Panoramic radiography, periapical radiography,
bitewing radiography, cephalometric radiography, cone-beam computed tomography and computed tomography were taken the
most at the age of 5 — 7 years, 4 years, 18 years, 18 years, 18, 7 years and 10, 11 years respectively. As analyzed by department, the
radiographs were taken the most in order of pediatric dentistry, orthodontic, conservative dentistry. The annual average of effective
dose per person increased with age, and it was highest at the age of 18 years. But it was lower than 1.0 mSyv, the annual standard
of defense in the general public. The effective dose of over 80% of patients are under 0.1 mSv. But there were 2 patients whose
effective dose was over 1.0 mSv. The annual average effective dose per person by dental radiography type was highest at the age of
0 — 3 years for periapical radiography and at the age of over 4 years for panoramic radiography.

Conclusion: This investigation into the status of number of dental radiography and effective dose for individuals of children and
adolescents will contribute to maximizing the benefits of dental radiography and minimizing the radiation dose.
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Table 1. The number of patients by age and year

Year/Age 0 1 2 3 4 65 6 7 8

9 10 1 12 13 14 15 16 17 18

2015 32 228 53 828 1179 1,773 1959 1878 1574
2016 32 203 406 871 1,176 1,924 1881 1,941 1610
2017 23 164 386 776 1428 2235 2175 1,989 1,856
2018 27 174 401 823 1363 2527 2417 2399 1,956
2019 21 139 303 680 1437 2299 2632 2,633 2250
Mean 27 182 406 79 1317 2152 2213 2,168 1849

1299 1191 1135 1166 1,123 1,092 1,067 1,601
1343 1276 1,167 1,113 1,041 1,066 1,091 1,059 1,072 1529
1,656 1334 1,097 971 1,040 1,077 1,086 1474
1,703 1491 1186 1,088 960 985 1209 1,680
1,772 1,662 1169 1,060 1,071 9% 1,041 1,659
1,555 1,391 1126 1,068 1,057 1,042 109% 1589

1450 1,250
1,560 1,379
1316 1,184

Table 2. The number of dental radiographies by age and year

Year/Age O 1 2 3 4 5 6 7 8

9 10 M1 12 13 14 15 16 17 18

2015 40 422 1249 2414 3257 3,601 3467 3327 2805
2016 58 369 864 2521 3221 3716 3309 3,308 2,783
2017 31 292 886 2235 4,039 4529 3808 3448 3,151
2018 45 320 970 2458 3,601 4,760 4,026 4,052 3,375
2019 33 290 726 2174 3671 3956 4,233 4,180 3540
Mean 41 339 939 2360 3558 4,112 3,769 3663 3,131

2233 2,107 2,071 1,792 1,945 1,989 1,998 1,723 1,784 2,679
2291 2,168 2,002 1,853 1,759 1,800 1,920 1,908 1,773 2,691
2,645 2266 1,956 1974 1931 1761 1776 19% 1919 2615
2,782 2410 2,390 2172 2,229 1974 1726 1,728 2,166 3,059
2,857 2667 2597 2258 2,121 1955 1915 1742 1,941 2,987
2,062 2324 2203 2010 1,997 18% 1867 1819 1917 2,806
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Table 3. The number of dental radiographies per person by age and year

Year/Age O 1 2 3 4 5 6 7

9 10 11 12 13 14 15 16 17 18

2015 1.25 185 233 292 276 203 177 1.77 1.78
2016 1.81 1.82 213 289 274 193 176 1.70 1.73
2017 135 178 230 2.88 2.83 203 175 1.73 1.70
2018 167 1.84 242 299 264 188 167 169 1.73
2019 157 209 240 320 255 1.72 161 159 157
Mean 153 1.88 232 298 270 192 1.71 1.70 1.70

172 177 172 174 171 1.71 178 158 1.67 167
171 170 172 166 1.69 1.71 176 1.80 1.65 1.76
1.60 170 163 1.72 1.76 181 171 185 1.77 1.77
1.63 162 165 1.74 1.88 181 180 1.75 1.79 1.82
161 1.60 166 164 181 184 179 175 1.86 1.80
165 1.68 168 170 1.77 1.78 1.77 175 1.75 1.76
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Figure 1. The number of dental radiographies by department. (A) The number of dental radiographies by depart—
ment and year. (B) The number of dental radiographies by department and dental radiography type.
CBCT: Cone beam computed tomography, CT: Computed tomography
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Figure 2. The number of dental radiographies by age and dental radiography type. (A) Panoramic radiography.
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Table 4. Distribution of the number(percentage) of patients by effective dose and year [

0-0.1 01-02 02-03 03-04 04-05 05-06 06-07 07-08 08-09 09-1.0 1.0- O

Year/ ED rio
N(%) B

133(0.98 80.06)  4(0.03)  2(0.01
2016 11768(8755) 9106.77)  5754.28)  133(0.99 130.1)  6(0.04) 1(0.01

( (0.98)  26(0.19) (0.07)
( (0.99)  320.24) (0.07)
2017 121658673 9937.08) 704602 110078) 310022 12009 5004 3002
(84.91) 0.97)  35(0.24) (0.07)
( (1.24)  49033) (0.03)

2015 12001(8359) 758(.6)  612(4.52)
)
(6.02)

2018 12637(8491) 1130(759) 913(6.13)  145(0.97 14009 6004  1(0.01
2019 12252(81.46) 14190043) 1101(7.32) 187 170.11)  11007)  4(0.03

* ED : effective dose (mSv) =

Effective dose (mSv)

—e—Panoramic radiography == Periapical radicgraphy
—==Bitewing radiography Cephalometric radiography
——CBCT ——CT

Figure 4. Average annual effective dose per person by age and dental radiography type.
CBCT: Cone beam computed tomography, CT: Computed tomography

Ul 44 o]& 2 nli-ghapEkabAdEedo] A #9]  10.9%0.004 mSvE FHAR =911, Uk 64 o] 2=
58.5% - 78.2%0.012 - 0.032 mSv)E 7F& =tk vt FHICT7F12.1% - 30.1%(0.005 - 0.016 mSv)E FHA
4 - SH= A1 ZebAAERd o] ZH2F 33.8%(0.007 mSv), = =4 YERTHFig. 4).

CHSHRIZHOIAREEIX| MIBOE M|125 2022 | 781



ORIGINAL ARTICLE

V. 1%
Aot o g R A YL 9o
A PYS B AT BAS DL S A

of

ol
flo
A%
o
Lo
5
0,
fin}
Hir
2
=)
M
S
Ne)
=
o
b
um
i

(o]

o] Ao H GIZF iz TIBALAES S 7 5 - 74]
7b VA ok, ThEE BAA 2ol 1wk,
oA T 5 - 7410} ShreupAaEdE 7t
A o] Stick, ThcejupiAb o) AuAe) Holer
o2 T2 BT 4 Arke 2 o] Gk FGPY
o] A)g, TR o] ule) BIAIZbo] At 1B ARk
% 219] 27 9lo] glofol stk whebd] YxE FAZ
o 447 Sheeeb e ojeieo] gl 4
QIct. 4 ARRFAIAE S BAC udole 7]
A 2oA] 7 5 - O] RIS BAS Al n
Xo}o] wg dl W& Aol AEEo] F4 71uAY ke
O BT 52 BT, o] tRo] h-eubg Aty
29 2 ARHENY) HA YRES AL 490,
Xjo}o] W ul W&ol AT O B w5 - 74]
Q1o shieetbgApIE o] wetch 42 4 ek

AZEPARAS) A7 B S U 4AVEHY Bl &
J5tAck PR 2R g Hol BPoH, &
o]} Vol ALE Al 5t FUSHA e 440] 7}
A go] B, ol SheefupiAl &gl 1 44n]
o ol A ot At Anste] A% 4 9
o, 9P AFFER: dote] BRE BAR shieetuby
Apggo] ofgl7] o] Ato] Bag Rejg BE 7

b
10 o
1o o
f
%
b
2,
o,
=)
fo
sk
s
39,
s
)
(o

5
N

:9_1“

4z do
ol

ey

_[
ofl

4o £

H—l

e

rid,

B o oo

Jt;
Ué; i
— o
of
1
[}
)
i
=3
e,
o,

[

714

=

%9,

2,

ro,

i2a)

ot rH
o

g

olN

X,

i

T

-d,

ful

o

¥
N

oXx
it
)
N
=X
rlr
o [
O,
—
2
)
o

A

o
2
e
)
ne o
og“; ox
ol
% o
)

o
I-
o
o 10 o
=
I\

NolEox
N e
o.ﬁi—ﬂ‘_—rﬂ'
g‘n.bo
;321
0w
ot 12
m}u:zlgr%
o mi
o
o R
X
oy, —
Su 88l
rh —
r]I
o+
X
%

O o
i

b
of
?
il
BN
>

Hr
Y
‘::1

rir ol
i,
::l‘
ol
I
s
N
=
My &5

pac)
o
=
i
i
o
e

T 4
=
O,
)
=
B
of
rlo
o
©
il
of,
ki

o
-
il

w9,

]
AlETH g2 420] ZJo]
t}. Taylor?} Macpherson(2004)29] o)A
ofste] mePAtiEdo] Alom T AR} F ¥
T A 2R 2 SOkt Aofet A3Rl1e] welHAE
FHZ 2R, s RekA 0 & Aofe] AR Al
W7F Rom FL7A Zlolw Pt whebA] 4ofo] wodt
AIZGA 2717} A2 DEZ ARESh= Zlo] 4019 &
5 4 FETALE Y 5 QloHY, 3R]k o] AFE Al
SF et AapE YoM = 408 17H4] 2719 Al
A& AMEto] Aoke] SiFSHAQl 9 QlS TS wf &
o] oHHS & it webA] Aokg HIARAEY AlA
£ THlote] AR 5 Y ¢ =S ol Y
o] Qg Zo|tt.

o oX
g3
o =
ol ﬁ
Jr
o o
it 1°
R} rO
L s
=
O% mlo
= i
m ( r—ol
of ot
o
b9
g L
o rlr
o o
ox
9,

iz}
Fo

=)
)
rlr
R
19

i
<
e
I
b
of
fo
ol

A=)
o o\
BN =

B SO A 7 Bl B3
A3}, F7jolobelat 40 2 wokh A s BN v
741 v 9 47} 2 Aol w18} 35%e1 2A F7HC
W, GG S B 1244 AR Bk,
Ago] Sl 18410] 744 Bl BT
AR 15 DS Ho) 72 2

782 | CHStX|ZIOIAEEIX| RGO K125 2022




ORIGINAL ARTICLE .

o1

[

r

£

Fl

i

A2} AREE A)7)1= AL 0] 83 2 9= 7] x| u|=2o|A]2] Fontana S{(2022/99] AFoA= ot 18 &
29} T7)A 8 I8]T GLA G| E PS5 QIrp o] Ao|ste] AoPAE HAMEY AL moppAdey 2
Aol A = YT A] B 124010f], AofR|hoflA] BE 7,8 A|TTHIAMAESY, ohcefnpIANESY, FRFATA 'Ef
Aol 714 Bo] Bgsigion), ol 9 AET AN B9, TUCT £0% Yoo, of Apo mopy B
2 A7]oh ikl o2 weleh Aol rslm e AHiEelo] sy ol BYHYrks ol Rk T8

= 9I5Ieh Menaker $(202279) BFoINe A7elME
o sheelohA R U 2R g

18 YS she 97 571 & Qlet 3% ks

Eﬂt}?_ el dolehes S dueES AT ok ols 7 HARS Zo7t 24 A8 u;ﬁ
Ao e 5 9&01 TH18AIOIA TR ATAE . AR S S5m0l 28 °H114Jr *2
Fd ol F= A "37—}5]3} WEE FHAR & =22, v= AHelA o dERAF Aoll= 35.6%71 g %i'
o] &3t oM E F2 SFsiePgole] ke o] B AH7I% dA ARG S ARt st 0
98 4= sh=dl, o] L:rL°1W ARG A7 Y S Q. AFER WA Fontana 5(2022779] Ao] =

7} wotom Aol JrlsAA HY = SISO Ale oheghrh, AT, WY, FRGFAAIEGZ 6 -
Huddleston £{(2007)'®0] 2J5td HAawd7]o)A Aol  1241w0] 74 Eo] g or ZHCTE 13 - 18M1F

/K4S A4 WU AEsle] 1380 371 o] 7MY Hol BTt E BN 54 Hlgo] 7}
o, Nilsson 500772 Aol S/HA4F A28 4 AL G +2 E%m o] ATOIAIE Sl ) X
TMD 8o 27kt 3. :cwuw% 2 6 - 124170] 73 o] Bg3lo]

A7hg FUCTEAAROR Bago] S HolH A 53 341 Lr 0 - 5H10] A ZEPAIES S

ol BT ek ZUCT B9 HFoTL vjE 2¥A2 %}%&uﬂ 3] 5 4419) AR e 4
Aok whJx|o) ek, O i 4 W oEe) A9, A2 7k M wseh. Fontana 5202279 Q7014 54
2 27 3 B, YHUE S T F0) So] Ut vjek ZoIHE SAQ/12 FTo| ] whEe] AYHES
>, ol 35 WA AU A5k 1 2 Aol P02 S el Aol B
MICTE o] Bgot] ABel RS ARHTAE 4 5 ek 2AZ B3 A, RA99) el A
Aol ofe] EHCTL v A% A MAS 7120 AX|e] 2y23 stot 4K YUZ B
2 53 e T8 B S8 ATRE W) 2, & 45 305, LA 9IS Ale] 54 f
d

—°.~
)

of4
L
[o
S
i 3§

L

ro,

o T
)

=

rO

a,
0 F

OBzt M= Bol YL, M BF S WA 5o B 37r02 §74] Alole] JHESAS

A 89 472 BOR Z7RIT B BREG AW ol B8P BETH. S B PR BAR

FTA) HEEE TABS T BRHOE W7 -84 ofR] Aol Shefol A EAL v 22 o] A
&9 79| Zsfo} GARNAT,

Y3 W 542 Fol wfet 2UCTE G 47} ot
ATk B4 4 TP E G 2 371%0] w184 Kim 5020000 W2 20194 71 S o=
o I R ISt O T 18510] /g A B ST oF 3791 A0, A3t WAEGo]
Bo] #ggic ol UH% ABHTA LA 98] A 37008 AR FHAR Ho] BYFk T oz
FHCT 47} B2 AREch i) R0 A2, AMAo] B 1919 SRAFE o 242 mSvom, |

CHOHRITOIArESIX| RI60 H125 2022 | 783



ORIGINAL ARTICLE

I} ®ARAEo] o3k 1917 AT 0.014 mSvE
0.6%% A2 Hle2 ZFA| k. o] AtollA 1 184 w]wt
40P AEES] Bt 1909 S-aAHL 00615 mSvE
o 7P B WA HQl 32 0.0982 mSvE
Tt 184193t} o] Kim(2020)79] 77t ZE S o
o= 5197 WiEol| 1919 FEATF gholl Ztel7} U=
Ao A7 29 SFEE HHA Kim 542021)9’

of w2 whleepARAZG o] A 2] 82.4%, EHIC
7F 11.7%, FHARAE 0] 5.9%, F57++4 ‘%PA}H&W
°] 0.01%Z AAI3HA. o] AAtollA Th 18A] w]wk Aof
AAEE0] £ 252 101d S g% v g}
HPEARAE 0] A9 65.1%, FRUCT7H16%, AL
AHAEY0] 9.9%2 1 P4l vt

ZHRICT?F CTY] AAIZQ1 2 471 ARk Hl&o]
Z¥2Y 0.4%, 2.7%= T2 S50l vlof ZA|qh & S74
1999 F8AF vl 47} 6.5%, 16%=2 2 0] H]
S Wttt T3t A faAlRe] SRf ZaroA 191Y
FEAFO] 0.2 mSv odel A= ZRICT = CT
Yo RE XAE o, E AolA] 94%01439] 3At
Oé% SHAE ol= CToF FHCT7 3t ¥lo] &

= HRAPA o] 37] o 2 AT E
AP A1 1] 9 200 22
A 2ok Aol FRSIH. EF A2eh)
K29 9 vheuA AR gL 2ol 4:0] u]go] 47

61.2%, 25.2%= ZA|19] 1, 2HAZ Hon &Y TFE

1909 FaAG HEE 247 9.9%, 65.1%H AHA|sto]
3, AR B vle HAint 53] ATHAiEy
& 1k 34 metellA, ulria}ﬂ}w}ﬁ%ﬂ o k44 oli
oA 7P B2 193 FaAlg vles Bolth A2d 4
ShieSRPARIE G2 w} AleFo] ZHICTY CTHH=
WA A7 dglo|ut WA & 5 WA o #9jo] I
8% 397 gk AT e FxE FEoR

]Il FolEge] 01?4—% FrotlA F= Alsh| e

o e A 20 ol

o] g7olA B 19198 FEATF FTigro] Luteis:
9 71X Het Wkl 80%01de] €A 0.1 mSv vt
o] fa TR ZARIGNCE et vt o] Gkt
71EAE He S 2A81aL 1919 f-aslwo]
off wet F7keh= A4S Holw, A3t Ao Hls)
o= APl AAIsh: FEAF] HlEol A7) midl
o5 WA ZAPIA ek, Hﬂ o] 275t
L 24 o)A A ZA= Aot 9l A 21 HRARA
Y Aol Fe7h B a5t YA «l 842 94
olo} & Ao},

ol 04%— A et 2| eehg et

>~
N
N
_)1
J:‘
)
)
N
;F‘é
Mo
é
i)
=
2
:
B
)
9,
o) (
b o
ru
1o ox
o o
oz |9
>
o N

of
( r_ﬁl_"
01%"
=t
:|o
fol
0l
o;“a
N
ftlo
=
ek
+
i
rir
iﬁ
N
O,

At
ol
(U8
_>|~l_ll
1o
Fr
)
r
-0,
o
_‘ (
ok
o
1o
:
oz
N
X
i)
ﬁ-‘
Moy

(ot
filo
N
()
(o
5
N
=)
N,
=)
Ao
=
rf
T o
q
-~ 1o
(@)
—
o b
of

o}

(T A A .
(e =
[e]
ey
>
rO
4>
T
R
=)
S,
e
of
i
2,
o
4> d
%0
o
o
)

o, i
i)
AL
tlo
\
J
incl)
B
i
i
HE
.
_ rlo
-
ol
-
i
o I
o2 o |

of
1o
9
&
oo

Lﬁi
o
i,
rsk
of

o,
o

fr ne
N

(o)

%

u

N E

K)
)
o
ok
4>
)
i
o)
o
)
4
i)
>
Y
ok
V
i
N
i

o

_o|L
28
N,
Ao
g5
>
é
l‘N
‘E
o
ES
ﬁ
e, 41
I
M L
o
B @

30,
i)
o
_4 r°“
5
<
H1
_oﬂi
K
)
:cé
o
<

B

>om
_E
ﬂlk’i
E
o,
(oL
2

ol
=
r>~

38 Aasishe 200 712 4 94 A0l
ol 0P34 EES| A3k AEY Hol
j-ﬂ =

7t E8T A0 % AlrET

f

Nkl o
B
e
il
19

jo
BUE
H
2
p
B
o

N
-
)
S o
re

i)
<t

0[3ltesS(Confiicts of Interest)2| 75
o] =&l olshA F=2 A7t gl

784 | CHStX|ZIOIAEEIX| RGO K125 2022




ORIGINAL ARTICLE

Appendix. Annual effective dose per person and maximum effective dose by age

ge 0 1 2 3 4 b b ] 8 9 10 11 12 13 14 1 16 17 18
Year Mean(Max)
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* Minimum effective dose was 00028 mSu(effective dose of intraoraldental radiographies) in all age and year groups.
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