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- Intraoral radiography K., mQGy L

Panoramic radiography Py, mGy cm?

Dental cone beam CT Pya mGy cm?
~ (depending on availability R
~ of the quantity)
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Data analysis for a given dental room or facility




Local DRLs

" %g THIRD QUARTILEOF
&  MEDIAN VALUES B




& THIRD QUARTILEOF f§
& MEDIANVALUES B




Molar Premolar Incisor

Mean 49.2 42.0 33.6 98.2 . 1972 (15 x 15.2 cm)
Maximum 281.0 244.0 211.0 206.0 ) 3960.0

Minimum 6.0 3.0 3.0 40.0 : 476.0

Third quartile 55.5 46.0 36.5 120.3 3203 (18 x 16.2 cm)
Standard deviation 57.3 51.2 429 38.0 , 1182.0

Number of units 49 49 49 42 14







Table 7. Comparative results of research for DRLs in dental radiography (previous literature and this study).

Z
o

Researcher (country, year)

Radiography

Dose quantity

1
2
3
4
5
6
=
8
9

Teunen er al. (Denmark, 1995 D

Gonzalez et al. (Spain, 2001)@2
IPEM (UK. 20022‘23

CRCPD (2003)4

Gulson er al. (HPA, 2005)(13)
Looe et al. (Germany 2005)®
Poppe et al. (Germany, 2007)®
Brendan er al. (Irish, 2008?':25)
Han er al. (Korea, 2009)4D
KFDA report (Korea, 2009)!®
Tierris et al. (Greece, 2004) 2
Gulson er al. (HPA, 2005)
Gulson et al. (HPA, 2005)4
Poppe et al. (Germany, 2006)7
KFDA report (Korea, 2009)1®
Kim er al. (Korea, 2009)'%
CRCPD (2003)@®

KFDA report (Korea, 2009)®
This study (Korea, 2011)

Mandibula incisor

Mandibula molar

Magxillary molar
Maxillary molar
Maxillary molar
Mandibula molar
Mandibula molar
Panoramic
Panoramic
Panoramic
Panoramic
Panoramic
Panoramic
Cephalometric
Cephalometric
Maxillary molar

Maxillary premolar

Maxillary incisor
Panoramic
Cephalometric
CBCT

3.5 mGy

3.5 mGy

2.1 mGy

2.2 mQGy

2.3 mGy

48.8 mGy cm?
61.5 mGy cm?
2.3 mQGy

3.2 mGy

59.4 mGy cm?
117 mGy cm?
89 mGy cm?
60 mGy mm
87 mGy cm?
110.9 mGy cm?
106.7 mGy mm
0.2 mGy

161.1 mGy cm?
55.5 mGy cm?
46 mGy cm?
36.5 mGy cm?
120.3 mGy cm?
146 mGy cm?
3203 mGy cm? (16 x 18 ¢cm)

CED
ESD
ESD
ESAK
PED
DAP
DAP
ESD
ESD
DAP
DAP
DAP
DWP
DAP
DAP
DWP
ESAK
DAP
DAP
DAP
DAP
DAP
DAP
DAP

IPEM, Institute of Physics and Engineering in Medicine; CRCPD, conferences of radiations control program directors;
CED, cone and dose: ESD. entrance surtace dose; DWP, dose with product.




26.2-87.4




bt e e e Comparis G

{ o Ennapmmssssssaesettt 0N of local S

o O R data with PP I DMl

:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;._: DRL I

Repetition B Optimisati
of dose g on
survey g8 process

dentificat
ion of
8l reasons
& for higher
BB doses

Remedial
actions




D

f
e

USe 0

-

s Dentists should be a
» Requirement itﬁe me
o These assessments should be

';.,,3”’1’
. Ca’1"‘§ied out%u‘j’ér b‘aSIs every 3
b TR ired Dy nal Ieglsla‘c A

Y

X AV Seen tobe a f QA programﬁ

‘» A ‘




TABLE 1 Comparison of intra oral dose data

Parameter Assessed Value

2005 study 1999 study
Highest dase, mGy 30.0 457
Lowest dose, mGy 0.05

Third quartile dose, mGy < 24 ,

Mean dose, mGy ~ 1.9

Sample size / 4006

Note: the diﬁe@tﬂsample sizes is due to variations in workléad over the two periods of study.

2005 study o~ /1999 study
I'4

Number of sets
Number of sets.

”ﬂﬂnnn 0 .I |IIII|I||||--

2 3 4 5 8 7 8 8 W 1 12 13 14 15 18 77 8 18 20 21 2 23 24 28 0 27 28 20 30 M 0 1 2z 3 M s s 78 3 oW oM o1 o1 w15 15 v 8 18 W om om o2 M B ®m T m B D M
Patient Entrance Dose (mGy) Patient Entrance Dose (mGy)




d
2

2002 2003 2004 2006 2006 2007 2008 2000 2010 2011 2012 2013 2014 2016

2.9 28 28 2.7 26 24 322 24 23 23 23 22 22 2

4.8 456 43 4.1 38 36 33 I 3 3 2.9 29 28 27

145 1868 208 ST 23T 2@ MM TR o e e e e
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Figure 3. Measurement result as IAK in intraoral dental Figure 4. Measurement result as KAP in panoramic dent;

radiography devices under (a) low dose modes and (b) high radiography devices under (a) low dose modes and (b) hi
dose modes. dose modes. ;
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Table 2 Exposure times and patient entrance doses (PEDs) for the periapical bisecting technique

Site Sex Patient (n) Exposure time (s)* Current-exposure PED (TnGy)b
time product (mAs)

Y a—

Maxillary incisors Male 71 0.27 &+ 0.05 0.26 4+ 0.04 (0.32) 1.80 1.56 &+ 0.2§ (1.93)
Female 98 0.25 &+ 0.04

Maxillary premolars Male 38 0.34 &+ 0.07 0.32 4+ 0.06 (0.40) 2.23 1.92 4+ 0.38 (2.42)
Female 66 0.31 &+ 0.06

Maxillary molars Male 80 0.41 = 0.07 0.40 £+ 0.06 (0.40) 2.80 2.42 + 0.3p (2.42)

Female 0.39 + 0.04

Mandibular incisors Male 12 0.17 = 0.02 0.18 4+ 0.05 (0.20) 1.26 1.09 + 0.3] (1.21)

Female 18 0.19 = 0.06

Mandibular premolars Male 43 0.21 &+ 0.04 0.21 4+ 0.04 (0.25) 1.47 1.27 &+ 0.2R (1.51)

Female 70 0.21 = 0.04

Mandibular molars Male 99 0.27 &= 0.04 0.26 4+ 0.03 (0.25) ) 1.59 + O.2I (L.51)

Female 122 0.25 &= 0.02

No significant difference between male and female. ;J

* Mean exposure time =+ standard deviation with 75th percentile in parentheses.

® Mean patient entrance dose =+ standard deviation with 75th percentile in parentheses. The 75th percentile is the initial value of the local
diagnostic reference level

lear Sciences




DRL Digital DRL Film
1.2mGy 3.7 mGy

DRL Digital DRL Film
0.65 mGy 2.35 mGy

DRL Digital DAL film
0.95 mGy 2.90 mGy

Figure 1. Distribution of K;j for maximum exp
settings (maxillary molars), for film and digital imagi

K, range, mGy

Laboratory

Figure 3. Distribution of Kj for average exposure settifbs
for film and digital imaging.
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Table 1. Third quartiles and means of the DAP values for only child exposure settings and DAP values including adult
exposure settings along with the percentage difference between both.

Examinations 3rd quartile® 3rd quartile® Difference in Mean®* Mean® Difference
(mGy cm?) (mGy cm?) 3rd quartile (% (mGy cm?) (mGy cm’)  in mean (%0)
Maxillary molar 40.9 48.8 19.3 29.7 39.1 31.6
Maxillary premolar 27.7 37.6 35.7 19.7 27.1 37.6
Maxillary canine 236 33.6 424 18.3 23.6 29.0
Masxillary incisor 22.0 32.0 45.5 17.1 243 42.1
Mandibular molar 27.8 35.0 25.9 19.9 259 30.2
Mandibular premolar 18.9 24.4 29.1 14.6 19.8 35.6
Mandibular canine 18.9 244 29.1 14.6 19.6 342
Mandibular incisor 14.4 20.6 43.1 12.0 18.1 50.8
BTW: front 41.6 4.5 28.0 29.1 39
BTW: back 41.9 0.5 29.9 30.4 1.7
OCC: maxilla 56.9 0 51.9 47.8 -7.9
OCC: mandible 442 0 40.8 37.1 -9.1

“Only child exposurc¥gt
*Included adult expasdl
BTW, bitewing; OCC, oC¥

of Nuclear Sciences | +.~ .+ .- -




Table 1. Third quartiles
Maxilla: Incisor

— 3" Quartile = 32.0 mGy cm?

Examinations

Maxillary molar ... 3" Quartile = 22.0 mGy em? (only child settings)

Masxillary premolar
Maxillary canine
Maxillary incisor
Mandibular molar
Mandibular premolar
Mandibular canine
Mandibular incisor
BTW: front

3

[ ] without child settings

DAP / mGy cm?

g

“Only child expoffire sctiiTmm
PIncluded adult exposure setf
e BTW, bitewing; OCC. occlus 20 30
X—ray unit

e officeat Soiprices 11111




=
o
E
X
<

[ DR low dose
DR high dose
Film low dose
B8 Film high dose

W BAPETEN range

KAP (mGy.cm?)

[ Film low dose
CR low dose
FPD low dose
B2 Film high dose
E£== CR high dose
(IITID FPD high dose

UK NDRL (adult)
UK NDRL (paed.)

=

X =
5. Incident air kerma (IAK) of intraoral devices by  Figure 6. Air kerma area product (KAP) of the panoramic
modes and image receptors used. devices by modes and image receptors used.




No. of exposure

120 130 140 150 -

Table 3. DWP of the 429 patients for panoramic radiography.

Panoramic units/gender Number of Mean Lowest Highest Third quartile
measurement (mGy mm) (mGy mm) (mGy mm) (mGz mm)

Digital/male 180 49.5 1.3 148.9
Digital/female 41.7 0.8 130.1
Analogue/male 82.3 55.8 118.8
Analogue/female 584 . 118.6
Overall

e of Nuclear Sciences . .




ogra

Adult male

Large adult

| == 3rd Quartile = 87.0 mGy cm?

| == 3rd Quartile = 101.4 mGy cm?>

20 20
Panorama unit Panorama unit

Adult female Child

| — 3rd Quartile = 84.4 mGy cm® | — 3rd Quartile = 75.4 mGy cm>

DAP / mGy cn’
DAP / mGy cm®

40
Panorama unit Panorama unit

[ ccD [ | storage phosphorplate [ | Film/screen

50 panoramic units of different vendors
in North German dental facilities

):131-4. -




Table 2 Air dose values and DAP values from different cone beam CT units

Tube . .
potential Air dose (mGy)

(kV) Current {imA) Exposure time(s) Measured length (cm) Area (ent) Mean Standard deviation DAP (mGy an’)

5 9 6.7 X 6.8 45.6 278 0.10 126.7
4 17.5 6.9 X 6.5 44.9 358 0.27 160.6
5 9 6.9 X 6.8 46.9 4.79 0.45 2247
5 17.5 6.8 X 6.8 46.2 5.87 0.32 271.4
5 17.5 70 %68 47.6 7.55 0.31 3594
10 10.8 6.0 X 4.9 294 10.08 0.28 296.4
10 10.8 59 %48 28.3 9.19 0.67 260.3
10.8 6.2 x50 31.0 9.11 0.43 2824
9.4 6.8 X 6.5 . . 0.33 293.0
9.4 7.0 % 6.6 . . 0.99 297.1
9.4 6.9 % 6.5 . . 0.89 326.5
9.4 6.9 X 6.6 ; . 0.88 326.5
9.4 7.0 % 6.6 . . 0.20 3516
12 8.1 x8.1 y . 0.36 402.8
84 %87 . . . 4144

8.0 x83

81x82

82x94

9.7 % 9.6

95x%9.8

9.7 x9.8 95 1

S
&

Denzal office

P=l- e s R S

A
A
A
A
A
B
B
B
C
C
C
C
C
D
D
D
D
D
E
E
E

DAP, dose—area product.
Models A 3D Accuitomo (J Monu Kyoto, Japan); B, KDddk 9000 3D (Trophy, Croissy-Beaubourg, France), C, Veraviewepocs3D (J Morita); D, ProMax 3D (Planmeca OY, Helsinki,
K .
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Figure 7 Median values of air kerma-area product (mGy cm?) for different FOV sizes and two resolution modes—HD (voxel size <0.2mm) and
SD (voxel size 20.2mm) in 15 different institutions from four countries. FOV. field of view; HD, high definition; SD, standard definition.




Table 2. Summary of lateral cephalometric dose data

Adult

Child

No. of X-ray sets
Minimum dose (mGy)
Maximum dose (mGy)
Minimum beam size (cm?)
Maximum beam size (cm?)
Minimum DAP (mGy cm?)
Maximum DAP (mGy cm?)
Mean DAP

Third quartile DAP

42
0.07
2.85

6
832
3
108
32

4

27
0.03
2.21

6
832
3
102
25

25

DAP, dose-area product.

DAP, mGy cm?

OFilm ®Digital (scan) BDigital ®3rd Quartile Dose
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Table 2. Summary of lateral cephalometric dose data

Adult

Child

Table 3. Third quartile dose values, separated by image capture method

OFilm ®Digital (scan) BDigital ®3rd Quartile Dose

120 -

Imaging system

Third quartile value (adult)

Number of X-ray sets

Third quartile value (child) Number of X-ray sets

Film

All digital

Digital (scanning)
Digital (static)

42
40
20
81
41

12
30
24

6
42

24
38
19
57
25

8
19
14

5
27

DAP, mGy cm?

OFilm @ Digital (scan) BDigital ™ 3rd Quartile Dose
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Code of Practice for Radiological Protection in Dentistry

CODE OF PRACTICE & SAFETY GUIDE

Radiation Prote —
in Dentlstfy I* Canada Cenada Prepared by the Radislogical Protection Institute of Irelasd
im comsnltution with the Department of Health

Guidance Notes for {revised March 1996)

Dental Practitioners on .
Safe Use of X-Ray Equip NCRP REPORT No. 145

Radiation Protection i
RADIATION PROTECTION

IN DENTISTRY Recommended Safety Pr

for the Use of
Dental X-Ray Equipment

Safety Code 30
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RADIATION
PROTECTION

European guidelines
on radiation protection in dental radiology

The safe use of radiographs
in dental practice

Issue N 136

==

i’é FUROPEAN
COMMBSON

r/file

ISSN 1681-6803

Radiation

Protection

Cone beam CT for dental
and maxillofacial radiology
(Evidence-based guidelines)




Summary

* Dental radiography is one of the most frequent types of
radiological procedure, although the exposures to
individual patients are low

 Different DRL quantities have been used for surveys of
dental radiography practice, depending on the modality
and availability of the quantity

* The dose surveys should be repeated periodically and a
part of DRL process

* These assessments should be carried out on a regular
basis, at least every 3 years or as required by national
legislation







