
Establishing and using DRLs for 
optimization in dental radiology

Olivera Ciraj Bjelac

University of Belgrade, Vinca Institute of Nuclear Sciences

Belgrade, Serbia

V
in

c
a

 I
n

s
ti
tu

te
 o

f 
N

u
c
le

a
r 

S
c
ie

n
c
e

s
 

R
a

d
ia

ti
o

n
 a

n
d

 E
n

v
ir

o
n

m
e

n
ta

l 
P

ro
te

c
ti
o

n
 L

a
b

o
ra

to
ry

w
w

w
.v

in
c
a

.r
s

Joint ICTP-IAEA Workshop on Establishment and Utilization of 
Diagnostic Reference Levels in Medical Imaging (smr3333)

18-22 November 2019, Trieste, Italy



Objectives

To understand

• Why the DRLs are needed in dental radiology

• What dose metrics should be used for DRLs in 
dental radiology

• How to collects data and establish and use DRLs 
in dental radiology
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Dental radiography

INTRAORAL RADIOGRAPHY

PANORAMIC RADIOGRAPHY

CEPHALOMETRIC RADIOGRAPHY

CONE BEAM CT
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Dental radiography  examinations, their relative 
frequencies and contribution to collective 
effective dose

Examination Percentage of total 
frequency of all 

radiography 
examinations (%)

Percentage contribution 
to collective dose (%)

Dental radiography 13 < 1

520 millions X rays procedures/year

74 per 1000 population average 
world

UNSCEAR, 2008
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High frequency of dental radiography 
examinations of children

Dental imaging in children
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DRL quantity for dental radiography

Modality DRL quantity Unit

Intraoral radiography Ka,i mGy

Panoramic radiography PKA mGy cm2

Dental cone beam CT 
(depending on availability 
of the quantity)

PKA mGy cm2
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Intraoral radiography: incident air kerma

• Calibrated detector  at the 
centre of the exit of the 
cone

• Sensitive volume of the 
detector is completely 
covered by the primary X 
ray beam 

• Record the dosimeter 
readings and machine 
parameters (tube voltage 
and tube loading)

• Repeat  for all settings 
used in clinical practice

Incident air kerma

For detailed information, please refer to IAEA TRS 457, https://www-pub.iaea.org/MTCD/publications/PDF/TRS457_web.pdf

QKia kNMFDDK )(,

dosimeter

QKia kNMFDDK )(,
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Panoramic radiography: kerma area 
product

• PKA can be measured with an 
ionization chamber that is attached 
to the X ray tube housing and 
intercepts the entire beam

• Pencil type chamber in front of the 
secondary collimator (slit)

• Exposure using standard settings of 
tube voltage, tube load and 
exposure time

• Kerma area product  is obtained 
from the measured air kerma–
length product, multiplied by the 
height of the X ray.

Kerma-length 
product 

For detailed information, please refer to IAEA TRS 457, https://www-pub.iaea.org/MTCD/publications/PDF/TRS457_web.pdf

H: height of X ray beam, as measured by the film
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Cone-beam CT: kerma-area product

• PKA can be measured using an 
ionization chamber that is 
attached to the X ray tube 
housing and intercepts the 
entire beam

• PKA provided by machine

• Verification/calibration is 
needed
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Output, phantom or patients?

• Same standard exposure settings linked to the teeth 
being imaged are used for the majority of adults

• Measurement of output at the cone tip with the 
appropriate settings can be considered as the median 
incident air kerma or patient dose for each intra-oral 
dental unit

• DRL values can then be set based on the distribution of 
the measurements for different dental unit
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Cone-beam computed tomography in 
dentistry

• Intended to display high 
contrast objects, bone and 
air, with low radiation 
exposure compared with 
conventional CT

• Little progress has been 
made towards setting 
DRLs for cone beam CT

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/348022/HPA-RPD-065_for_website.pdf
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Based on a preliminary audit of KAP values on 41 
dental and maxillofacial cone-beam CT units in UK  
proposed a tentative DRL of 250 mGy cm2



Collect only dose data for procedures where the image 
quality was confirmed as adequate for the clinical purpose. 

Steps to establish DRLs

Collect data in a particular X ray room
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Data collection

• Modality (dental radiography)

• Procedure (intra oral radiography, bitewing X rays)

• Clinical indication targeted for the examination 
(interdental caries )

13

Examination parameters
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Data collection

• Patient type (adult, child, emergency patients, etc.)

• Patient characteristics (gender, age, weight, etc.)

Examination parameters

Patient parameters
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Data collection

• Specific imaging system (manufacturer and model, 
software version) 

• Dental imaging room 
• Timing of the examination (e.g. shift, period of year, 

etc) 
• Radiographer/ technologist
• Specific imaging protocol applied in the data acquisition 
• Dose indices/DRL quantity (depending on the type of 

the imaging procedures)

Examination parameters

Patient parameters

Acquisition parameters
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• Statistical description: Minimum, Maximum, Average, Standard deviation, 
Median of patient sample

• Typical dose: Median

MEDIAN VALUE TYPICAL DOSE

Data analysis for a given dental room or facility
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• Collection of data from  different rooms (10-20 rooms), performing the 
same procedure or X ray rooms from a few facilities in local area

• Statistical description: Minimum, Maximum, Average, Standard 
deviation, Median 
of typical doses from different rooms

• Local DRL: Third quartile of  median values

Local DRLs

THIRD QUARTILE OF 
MEDIAN VALUES

LOCAL DRL
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• Collection of data from representative sample of facilities covering an 
entire country

• Statistical description: Minimum, Maximum, Average, Standard deviation, 
Median 
of typical doses from different hospital

• National DRL: Third quartile of  median values

THIRD QUARTILE OF 
MEDIAN VALUES

NATIONAL DRL

National DRLs
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Patient doses in different dental modalities

Han S, et al.  Dose area product measurement for diagnostic reference levels and analysis of patient dose in dental radiography.
Radiat Prot Dosimetry. 2012 Jul;150(4):523-31. 
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Use of DRLs in dental radiology

Collect data for patients

Calculate median value

Compare to DRL

Review technique, exposure settings 
and equipment performance

Recommend and implement 
optimization strategy

>DRL

<DRL

Image quality

Review in 3 years
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Example: DRLs for dental imaging

Han S, et al. Dose area product measurement for diagnostic reference levels and analysis of patient dose in dental 
radiography. Radiat Prot Dosimetry. 2012 Jul;150(4):523-31
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DRLs in dental radiology

Modality Entrance surface 
dose (mGy)

Dose-area product 
(mGy cm2)

Intraoral 0.65-3.7 26.2-87.4

Panoramic 0.66-4.2 67-120.3

Cephalometric - 33-146

European Commission. Radiation Protection Report 136, Luxembourg 2004
Manousaridis G, et al. Radiat Prot Dosim 2013;156(4):455–7.
Manousaridis G, et al. Radiat Prot Dosim 2015;165(1–4):111–4.
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Outcome of the 
investigation

Comparis
on of local 
data with 

DRL

Optimisati
on 

process

Identificat
ion of 

reasons 
for higher 

doses

Remedial 
actions 

Repetition 
of  dose 
survey Image 

quality

V
in

c
a

 I
n

s
ti
tu

te
 o

f 
N

u
c
le

a
r 

S
c
ie

n
c
e

s
 

R
a

d
ia

ti
o

n
 a

n
d

 E
n

v
ir

o
n

m
e

n
ta

l 
P

ro
te

c
ti
o

n
 L

a
b

o
ra

to
ry

w
w

w
.v

in
c
a

.r
s



Use of DRLs in dental radiography

• Dentists should be aware how their average doses 

• Requirement of the medical physics expert

• These assessments should be 

• Carried out on a regular basis, at least every 3 years or 
as required by national legislation

• Seen to be a part of  QA programme
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1999 study2005 study

Gulson, A.D., Knapp, T.A., Ramsden, P.G., 2007. Doses to Patients Arising from Dental Xray Examinations in the UK 2002–2004. A Review of X-ray 
Protection Service Data. HPARPD-022. Health Protection Agency, Chilton.

Example: DRLs in dental radiography
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Evolution of DRLs

DRL

Alcaraz, M., et al. Evolution of diagnostic reference levels in Spanish intraoral radiology.  Radiation Protection Dosimetry 
(2012), Vol. 151, No. 1, pp. 166–171
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Intraoral dental radiography

Lubis LE, et al. Radiation dose from dental radiography in Indonesia: a five-year survey. Radiat Prot Dosimetry. 2018

Low dose: pediatric, small or incisor
High dose: large adult, premolar or  
molar
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Indonesia, 71 healthcare 
institutions involving a 
total of 92 dental X ray 
devices



Example: Radiation dose in intraoral 
radiography

Izawa M. Establishment of local diagnostic reference levels for quality control in intraoral radiography. Oral Radiol. 2017;33(1):38-44
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Example: Greek DRLs  for intraoral radiography

Manousaridis G, et al. Establishment of diagnostic reference levels for dental intraoral radiography. Radiat Prot Dosimetry. 2013 Oct;156(4):455-7
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maxillary molars 

incisors

all the exposure settings



Example: DRLs for intraoral radiography, 
adults vs children

Looe HK, et al. Radiation exposure to children in intraoral dental radiology. Radiat Prot Dosimetry. 2006;121(4):461-5. 

52 intraoral X ray units at 
45 dentists in Germany
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Example: DRLs for intraoral radiography, 
adults vs children

Looe HK, et al. Radiation exposure to children in intraoral dental radiology. Radiat Prot Dosimetry. 2006;121(4):461-5. 

52 intraoral X ray units at 
45 dentists in Germany
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Different image receptors

Lubis LE, et al. Radiation dose from dental radiography in Indonesia: a five-year survey. Radiat Prot Dosimetry. 2018

Low dose: pediatric, small or incisor
High dose: large adult, premolar or  molar
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Example: national DRLs for panoramic 
radiography

Lee, JS, et al. Reference dose levels for dental panoramic radiography in Gwangju, South Korea. Radiat Prot Dosimetry. 2010, 142(2-4):184-90
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Example: DRLs in panoramic radiography for 
different patient categories

Poppe B, at al. Dose-area product measurements in panoramic dental radiology. Radiat Prot Dosimetry. 2007;123(1):131-4. 

50 panoramic units of different vendors 
in North German dental facilities V
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Radiation dose in CBCT

Endo, A, et al. A preliminary study to determine the diagnostic reference level using dose-area product for limited-area cone beam CT.
Dentomaxillofac Radiol. 2013;42(4):20120097.
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Why we need the Field of View (FOV)  
in the dental CBCT?

Han S, et al.  Dose area product measurement for diagnostic reference levels and analysis of patient dose in dental radiography.
Radiat Prot Dosimetry. 2012 Jul;150(4):523-31. 
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Baganovic, et al. IAEA survey of dental cone beam computed tomography practice and related patient exposure in nine Central and Eastern
European countriesDentomaxillofacial Radiology (2019) 48, 20190157

Field of View (FOV) and resolution   
in the dental CBCT?



Example: UK national DRLs for 
cephalometric radiography

Holroyd JR, National reference doses for dental cephalometric radiography. 
Br J Radiol. 2011 Dec;84(1008):1121-4. 
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Cephalometric equipment can typically be 
operated in two modes: lateral and 
anteroposterior

adult

child



Example: UK national DRLs for 
cephalometric radiography

Holroyd JR, National reference doses for dental cephalometric radiography. 
Br J Radiol. 2011 Dec;84(1008):1121-4. 
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DRLs for panoramic and cephalometric 
radiography in children

Kim YH, et al. Diagnostic reference levels for panoramic and lateral cephalometric radiography of Korean children. 
Health Phys. 2014, 107(2):111-6
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Guidelines
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http://ec.europa.eu/energy/nuclear/radiati
on_protection/doc/publication/172.pdf

Guidelines

https://ec.europa.eu/energy/sites/ener/file
s/documents/136.pdf
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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
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