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Diagnostic reference levels for intraoral periapical and panoramic radiography
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Objective : The objective of this study was to suggest the diagnostic reference levels for intraoral and panoramic radiog-
raphy through the nationwide survey at regular intervals in South Korea.

Study Design : One hundred twenty-six dental institutions from all regions of South Korea were visited. Information on
radiographic equipment and clinical exposure parameter was recorded at 118 intraoral and 125 panoramic equipment. Pa-
tient entrance dose (PED) and dose-area product (DAP) in intraoral radiography and DAP in panoramic radiography were
measured using a DAP meter.

Results : Third quartile PED and DAP of intraoral radiography in adults were 1.5 mGy and 46.0 mGy cm?, those in
12-year-old children 1.2 mGy and 37.1 mGy cm? and those in 6-year-old children 1.0 mGy and 29.9 mGy cm?. Third quartile
DAP of panoramic radiography in adults, 12, and 6-year-old children were 227 mGy cm?, 175 mGy cm?, 163 mGy cm?, re-
spectively. The median exposure parameters of intraoral radiography in adults were 60kV, 6mA, and 0.23 seconds and those
in 12-year-old children 60kV, 6mA, and 0.16 seconds and those in 6-year-old children 60kV, 6mA, and 0.15 seconds. The
median exposure parameters of panoramic radiography in adults were 74kV, 10mA, and 13.6 seconds and those in 12-year-
old children 67kV, 10mA, and 13.2 seconds and those in 6-year-old children 67kV, 8mA, and 12.0 seconds.

Conclusion : As the national DRLs for intraoral radiography and panoramic radiography in Korea, we recommended 1.5

mGy and 227 mGy c¢m? for adults, 1.2 mGy and 175 mGy cm? for 12-year-old children, and 1.0 mGy and 163 mGy cm? for
6-year-old children, respectively.

Key Words : Radiation Protection; Radiation Dosage; Radiography, Dental; Radiography, Panoramic
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Figure. 1. The ionization chamber of DAP meter was positioned at the end of the exit cone of the intraoral
X=ray machine for the PED and DAP measurement.
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Figure. 2. The ionization chamber of DAP meter was positioned at the tube side of panoramic
radiographic machine for the DAP measurement.
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Table 1. Number of dental institution and intraoral X-ray machine surveyed in the study according to an administrative district FH

in South Korea ;._5

. . =

Administrative district Unlv%s;gtglental Dental hospital Dental clinic No. of dental institution _l'rE

Seoul 3(5) 101) 23(23) 27 (29) &

Busan 000) 000) 8(9) 8(9) h

Q

Daegu 1) 1) 5(5) 70) fo

Incheon 0(0) 101) 3(3) 4() A

o2

Gwangiju 2(3) 1(1) 6 (6) 9(10) ll—_>|

Daejeon 0(0) 1(1) 313 4(4) M
Ulsan 0(0) 1(1) 1(1) 2(2)

Gyeonggi 0(0) 1(1) 15(15) 16 (16)
Gangwon 1(1) 0(0) 2(2) 3
Chungbuk 0(0) 0(0) 30 30)
Chungnam 1(5) 0(0) 5(5) 6 (10)
Jeonbuk 2(2) 0(0) 5(5) 7(7)
Jeonnam 0(0) 0(0) 3 3
Gyeongbuk 0(0) 1(1) 4.(4) 5(b)
Gyeongnam 12 0(0) 2(2) 3()
Jeju 0(0) 0(0) (1) 1(1)
Sejong 0(0) 1(1) 1(1) 2(2)
Total 11(19) 909 90 (90) 110(118)

Number in (') is the number of intraoral X-ray machine.

71 A 12M] &ofe} FUAZEIAPE G 2242 =

Arstol Bt A3 WAk 60 ~ 70 kV, WAFE 1~

10 mA, leEAIZE 0.05 ~ 1.0% 7H] ARSI Q%S
L BUHE A7 60 kV, 6 mA, 0.16% HAtHTable 3).

Q) AFE ST Bl

Table 4= /4%, 1241, 0M19] &Y=30M SH &
Al gk 2igh, Batat, 1A S8 3
AREAES HolEt ARlY SRl S92 265

OA| Aot FY-Z oh= 1149 Ao tiste] 7+ 957
HollAf 6A 4xote] FUAZHIAAEG 2702 ZAS}H
o] Bret Axh AL 60 ~ 70 kV, BAFE= 1~ 10
mA, eE2A17+20.05 ~ 1LOZZHA] ARg3Ea QlgloH, &

FE2 21260 kV, 6 mA, 0.15% ITHTable 3).

mGy cm®@} 1.0 mGy=, 124, 6419 A% U474l
21.2 mGy cm*@} 0.7 mGy, 19.0 mGy cm’@} 0.7 mGy
Hot =0Tk A9, 124, 64| ST 3ARE SR 22
46.0 mGy cm*?} 1.5 mGy, 37.1 mGy cm?®} 1.2 mGy,
299 mGy cm’@} 1.0 mGy3H. Fig. 3, 4= g4 +
WA HAIEGA| A B2 D AR RS B
ot} Fig. 5, 62 124] Aol A FUR|FEFAE:
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Table 2. Number of dental institution and panoramic machine surveyed in the study according to an administrative district in
South Korea

Administrative district UnIVﬁ(r)s;ztgle ntal Dental hospital Dental clinic No. of dental institution
Seoul 34 2(2) 28 (29) 33(34)
Busan 0(0) 00 7(7) 7(7)
Daegu 1(1) 1(1) 5(5) 7(7)

Incheon 0(0) 0(0) 4.(4) 4 ()
Gwangju 203) 101) 6(6) 9.(10)
Daejeon 0(0) (1) 3Q) 4(4)
Ulsan 0(0) 1(1) 1(1) 212
Gyeonggi 0(0) 1(1) 16 (16) 17(17)
Gangwon 1(1) 0(0) 2(2) 3
Chungbuk 0(0) 0(0) 5(5) 5(5)
Chungnam 1(3) 1(1) 5(5) 709
Jeonbuk 212 000 5() 7(7)
Jeonnam 0(0) 0(0) 4(4) 4(4)
Gyeongbuk 0(0) Q) 4(4) 5(5)
Gyeongnam 1(1) 0(0) 2(2) 313
Jeju 0(0) 0(0) 2(2) 2(2)
Sejong 0(0) 1(1) 1(1) 2(2)
Total 11(15) 10 (10) 100 (100) 121 (125)

Number in (') is the number of panoramic machine.

Table 3. Exposure parameters for adult mandibular molar intraoral periapical radiography according to age

Adult (N=118) 12-year-old child (N=115) 6-year-old child (N=114)

Tube Tube Exposure Tube Tube Exposure Tube Tube Exposure
voltage current time voltage  current time voltage  current time
(kV) (mA) (sec) (kv) (mA) (sec) (kv) (mA) (sec)
Minimum 60 1 0.05 60 1 0.05 60 1 0.05
Maximum 70 10 1.05 70 10 1.00 70 10 1.00
Mean 63 6 0.29 62.8 6.0 0.22 62.8 6 0.19
1st quartile 60 3 02 60 3 0.1 60 3 0.10
Median 60 6 0.23 60 6 0.16 60 6 0.15
3rd quartile 65 10 0.30 65 10 0.25 65 10 0.20
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Table 4. Patient doses for mandibular molar intraoral periapical radiography according to age

Adult (N=118) 12-year-old child (N=115) 6-year-old child (N=114)

m (?ffmz) PED(GY gyAchz) PED (mGy) " gyAfmz) PED (mGy)
Minimum 10.0 04 59 0.2 59 0.2
Maximum 171 5.6 115.0 4.1 115.0 4.1
Mean 37.1 1.3 29.0 1.0 25.1 0.9
1st quartile 189 0.7 13.6 05 12.7 0.4
Median 26.5 1.0 21.2 0.7 19.0 0.7
3rd quartile 46.0 15 371 12 29.9 1.0

DAP : Dose—area Product, PED: Patient Entrance Dose

No. of X-ray sets
40
5 46.0 mGy cm?

90 100 110 120 130 140 150

DAP (mGy cm?)

Figure. 3. Distribution of measured DAP value and 3rd quartile value for intraoral radiography in
adult. The 3rd quartile DAP values was 46.0 mGy cm?.
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Figure. 4. Distribution of measured PED value and 3rd quartile value for intraoral radiography in
adult. The 3rd quartile PED values was 1.5 mGy.
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No. of X-ray sets

37.1 mGy em?

0 20 30 40 S0 60 70 8 9% 100 110 120 130 140 150
DAP (mGy cm?)

Figure. 5. Distribution of measured DAP value and 3rd quartile value for intraoral radiography in
12 year-old child. The 3rd quartile DAP values was 37.1 mGy cm?.

No. of X-ray sets
45

32 36 4 44 48 52 56 5 64
PED (mGy)

Figure. 6. Distribution of measured PED value and 3rd quartile value for intraoral radiography in
12 year-old child. The 3rd quartile PED values was 1.2 mGy.

No. of X-ray sets
50

29.9 mGy cm?

e J—
10 20 30 40 50 60 70 80 90 100 110 120 130 140

DAP (mGy cm?)

Figure. 7. Distribution of measured DAP value and 3rd quartile value for intraoral radiography in
6 year—old child. The 3rd quartile DAP values was 29.9 mGy cm?.
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Figure. 8. Distribution of measured PED value and 3rd quartile value for intraoral radiography in
6 year—old child. The 3rd quartile PED values was 1.0 mGy.
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Table 5. Exposure parameters for panoramic radiography according to age

Adult (N=125)

12-year-old child (N=122)

6-year-old child (N=118)

Tube Tube Exposure Tube Tube Exposure  Tube Tube Exposure
voltage  current time voltage  current time voltage current time
(kV) (mA) (sec) (kV) (mA) (sec) (kV) (mA) (sec)
Minimum 65 4 10.8 62 4 10.2 62 4 10.2
Maximum 94 15 20.0 94 13 20.0 94 1 20.0
Mean 74 10 14.2 70 135 69 9 13.3
1st quartile 70 10 135 67 8 11.5 66 7 11.5
Median 74 10 13.6 67 10 13.2 67 8 12.0
3rd quartile 75 12 15.8 71 10 14.3 69 10 14.2

Table 6. Patient doses for panoramic radiography according to age

(DAP: mGy cm?)

Adult (N=125)

12-year-old child (N=122)

6-year-old child (N=118)

Minimum 16 16 12
Maximum 748 624 624
Mean 205 154 142
1st quartile 105 59 58
Median 142 89 72
3rd quartile 227 175 163

DAP : Dose—area Product

No. of X-ray sets

45

40

35

30

25

20

o woa o

227 mGy cm?

150 200 250 300 350 400 450 500 550 600 650 VOO 50 800

DAP (mGy cm?)

Figure. 9. Distribution of measured DAP value and 3rd quartile value for panoramic radiography
in adult. The 3rd quartile DAP values was 227 mGy cm?.
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No. of X-ray sets
60

50
175 mGy cm?
40

50 100 150 200 250 300 350 400 450 500 S50 600 650 VOO 7SO0 800

DAP (mGy cm?)

Figure. 10. Distribution of measured DAP value and 3rd quartile value for panoramic radiogra—
phy in 12 year-old child. The 3rd quartile DAP values was 175 mGy cm?.

No. of X-ray sets
70

60
162 mGy cm?
50 Y
40
30
20
10

o]

50 100 150 200 250 300 350 400 450 500 S50 600 650 OO 750 800

DAP (mGy cm?)

Figure. 11. Distribution of measured DAP value and 3rd quartile value for panoramic radiogra—
phy in 6 year-old child. The 3rd quartile DAP values was 163 mGy cm?.
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Table 7. Comparison the result of this study with the previously proposed DRLs in other country and Korea

DRLs
Country published year — ) —
Intraoral periapical radiography Panoramic radiography
the UK 2012, adult 1.7 mGy adult 93 mGy cm?
(PHE)®? 2018 child 0.7 mGy child 67 mGy cm?
US@%'S)RP 2012 1.6 mGy 100 mGy cm?
Greece (Tierris 2004 62 mGy cm? adult 117 mGy cm?
etal)”® (mean DAP at 60kV) child 77 mGy cm?
France'” 2014 200 mGy cm?
(gllﬁg% 2014 5 mGy 120 mGy cm?
South Korea” 2009 3.1 mGy, 87.4 mGy cm?
adult 151 mGy cm?,
South Korea? 2014 10-year-old child 105 mGy cm?
5-year-old child 97 mGy cm?
adult 1.5 mGy adult 227 mGy cm?
this study 2019 12-year-old child 1.2 mGy 12-year-old child 175 mGy cm?
6-year-old child 1.0 mGy 6-year-old child 163 mGy cm?

o % DR type©l] 81%, Film type©] 5%, CR type©] 14%  cm® & th ZA3I{eH”. 0]9} o] o] 4 ol
= DR type®] @AI3] S7151AL, Film typed] 7= A & ole@ 2D FHHTARIE IR 2+ 25 o

3] Z23190tH”. 200999 DR type?] B4 DAP AgF Al DR tAE AlAU CRO] HAtu-S:
239 mGy e’ Film type?] 84 mGy em’20 29t S7H07] WiE0=2 AZFech. Teju A7 25 &0
oS B AF|AE DR type] 7t DAP AZE 31 2 11 FYsH= o|5q Aul= 1P Fu|Hoh SpA
mGy cm?E Film type?] 83 mGy con?Er} WopeH?. up - o] o} Zojajr} Bl Mk wlu]sihal A RARE0]
2hA] A2 9] A2 Film type©] AB7HAQ & Fa1s}
AR Al AT P& B & A% Ast ol Fo] B
A 5 QE Aoz AzEL LA Yol o071 @ Eit) 20174 39 713 X2k 1t
ot olFP(EHE) FH|o Hgo] I7HEIYEY, AMKIEY7] HIESHEETIEER 2 YA AR)
20094 15% 8% AA|5H o5 g7k = ApollA]  of w2 FURAAEG7] ¥ 22,2379 5 ole B B
£ 26%= S7F=|.0m, Bat DAP A= 200990l o] 7} 8494THE 38%E AFAISHL Glof, AA R 2 A
TP 14Fo] 247t 51 mGy e, 61 mGy cm’ ©]  of|A9] /T B =2 BEES Holil Sl 4o
AP, B Aol 247t 44 mGy ent?, 35 mGy 2% ol5q A 57t Al AlLE et Azt o
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o], 84 2 £A4S Zol7] P B o1 5F A
S16] 51 9 T 720l 7 BT Bel B
a3t Aow A7,

& Aol FUHAZETAMIE YA 419 SRR
o 232 O| 3AREY] DAP, PEDE 46.0 mGy cm?@} 1.5
mGyE, 7129 1.6 mGy'?, 979 1.7 mGy*?, Z1g]o]
2 62 mGy ecm? ¥, IHE 5 mGy'VEC} 2okt ¢
Aok9] 49 6MlE 1.0 mGy, 1241E 1.2 mGy2 9=
9] 0.7 mGy*” W} i itk RIS W eAp}
< Holet| 20ph tha w2 A%E HRl O]%E, oAl
9} 12A4] Ao}= &gt ufj Aoly} S-S &
7L}, 6M| &oF HGA 1 *1]9}5 I3t 2710 2

357 ot I vzl Aoz AZE. 3
S| 48] 2SR B AR
o|Fofd Zol.

St pheefrpAaE o) A, 20144 1771 Al &2

AEE Z=tol| A% 2421 shiceuEgr]E Hige

3}04 A5 Aol AkdaeE2 151 mGy cm?

19 Gl Whsf, & Aol 1250 sheehlE g7 E
Vo2 lof FARE ST 30| SARERIFRS 227
mGy cm’Z 43| S7H 2 & 4= AU & AT
A ME 7F ARAR 7 A BF 1774 Al = A
Hg A= 230 Al 77w A vigof gof
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CR type©] 7%& 7439 Hhd, B QLA 1251 &
DR type©] 97%, CR type©] 3%& A= AcH”. Z DR
type Z7151L, Film type2 3t ti= @1%1ch 201449
DR type9] HAFS 144 mGy cm?Z Film type, CR
type Bt £H=0"9, B A7) A DR type?] Bt A%
5 A2 200 mGy cm?, 143 mGy ecm?&, CR

type2] 87 mGy cm?, 85 mGy cm?® Rt} dA5] &30
1, DR type®] B+ A 201495 9] Bt AgHct
T 52 3HS Ho] 7. 20144 o] F A|zkelw |
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