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Diagnostic reference levels at intraoral and dental 
panoramic examinations 

INTRODUCTION 

Radiographs are essential in today’s medicine 
and especially in dental diagnosis. It is well 
known that ionizing radiation is used to get                   
radiography of teeth. According to ALARA              
principle for radiation protection, dentists must 
expose patients to lowest possible radiation 
with sufficient quality of imaging.  By this                 
principle, also the public and professional               
exposures will be reduced. It is known that there 
is no limit for medical exposures, but diagnostic 
reference levels (DRLSs) for each practice must 
be respected. 

Because of the potential risks of radiation it is 
necessary to take precautions. Radiation can be 
considered safe, for patient and public as well as 
for occupational workers only when specific 
measures are taken, like as distance from               

radiation source, shielding, exposure time,               
orientation of the tube, type of collimator and 
tube parameters. Attention should be to primary 
and secondary (scattered) radiation.  

The amount of scattered radiation striking 
the patient’s abdomen during a properly              
conducted radiographic examination is                  
negligible. Radiation exposure arising from            
dental radiology is considered low; a child may 
undergo repeated dental radiological                       
procedures throughout childhood and                     
adolescence. Thus, the risks associated with           
cumulative doses should be taken into                     
consideration (1).The thyroid gland is more               
susceptible to radiation exposure during dental 
radiographic exams given its anatomic position, 
particularly to children (2, 3). Risk of cancer from 
radiation in children was more than adult and in 
female patients is more than male patients in 
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ABSTRACT 

Background: The aim of this study was to measure and determine diagnostic 
reference levels (DRLs) of programs used at intraoral and dent panoramic 
examinations in Kosovo. Materials and Methods: To determine DRL, were 
performed measurements for dose area product (DAP) at intraoral and dental 
panoramic radiology systems. This study has covered over 47% of X-ray units, which 
are in use for intraoral and panoramic imaging examinations on the country.  
Results: From results, we conclude that, the mean of DAP (mGy cm2) for 
single intraoral examination is 26.8, 29.6 and 39.7 for incisor, premolar and 
molar, respectively. Therefore the mean of DAP (mGy cm2) value for 
panoramic dental radiology is 62.7, 74.1 and 90.3 for child, adult and large 
adult, respectively. For each modality mention above are proposed specific 
DRLs. Conclusion: Recommended DRLs value for intraoral radiography for 
incisor, premolar and molar programs are: 28.5, 36.5 and 50.3 mGy cm2, 
respectively. Also, DRLs for dental panoramic radiography for child, adult and 
large adult programs are: 73.0, 81.0 and 93.0 mGy cm2, respectively. 
A better quality assurance (QA) and quality control (QC) should be 
enforcement. For strengthening of QA and QC engagement of radiographers 
and Medical Physicist is mandatory.  
 
Keywords: Reference levels, dose area product, intraoral, panoramic, dent.  

*Corresponding authors: 
Naim Syla, Ph.D., 
Fax: +381 38 246 183   
E-mail: naim.syla@uni-pr.edu  

Revised: December 2017  
Accepted: April 2018  

Int. J. Radiat. Res., January 2019;  
17(1): 147-150 

► Short Report  

DOI: 10.18869/acadpub.ijrr.17.1.147 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

rr
.c

om
 o

n 
20

26
-0

5-
26

 ]
 

                               1 / 4

http://ijrr.com/article-1-2467-en.html


dental X-ray examinations (4).  
It is well known that there is not applicable 

dose limits for medical exposures but principles 
of justification and optimization of practice must 
be on consideration (5). According to new Basic 
Safety Standard for procedures using medical 
radiological equipmentmust put in placespecific 
diagnostic reference levels (DRLs) (6) also DRLs 
are recommended by the International                       
Commission of Radiological Protection (ICRP) (5). 
These are based on the third quartile values for 
the distributions of doses found in the national 
or regional surveys. 

There are some recommended methods to set 
DRLs, like measuring of entrance surface dose 
(ESD), dose area product (DAP) or entrance            
surface air kerma without backscatter (ESAK) (7) 
also dose width product (DWP) is used. But the 
most common used is dose area product (DAP). 
A DAP meter consisting of a translucent               
transmission ionization chamber with                        
electrometer, this system is a convenient                
method to quantify the dose without the                  
presence of patients, also is mobile and easily 
can be installed on X-ray tube. Usage of a DAP 
meter allows an easy method to collect the              
necessary data for standardization practices in 
general, in particular it can be easy used for  
dental radiology. Examination without patient 
presence is advantage of DAP meter. 

Dental radiological examinations are among 
the most common medical exposures (8). There 
are two basic techniques: intraoral and dental 
panoramic radiology (9, 10). The former involves 
placing a film inside the mouth and the use of 
dedicated dental X-ray tube. In dental panoramic 
radiology both the tube and the film move 
around head. 

This paper is the first attempt in Kosovo to 
establish DRLs, for investigating intraoral and 
dental panoramic radiological facilities and do 
not cover cephalometric practices.  
 
 

MATERIALS AND METHODS 
 

The data were collected during 2016 on             
Kosovo territory. On that time at Institute of  
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Occupational Medicine database were registered 
68 dental clinics and one dental hospital.                
Randomly are selected 36 intraoral and 21                
panoramic dental radiology units for further 
analysis.  

Measurements of DAP values were conducted 
by calibrated Diamentor CD-R electrometer             
produced by PTW, Freiburg GmbH, Germany. 
Ionizing chamber of DAP meter was attached to 
exit slit of the X-ray tube. The calibration of DAP 
to diagnostic X-ray energies was done by the 
manufacturer for each program.                                 
Correction coefficients were used for room              
temperature and pressure. Multimeter was used 
also to measure: tube voltage, total filtration, 
half value layer and irradiation time (PTW 
Nomex). Film was used to measure field sizes for 
theintraoral unit and collimator height was used. 
A questionnaire is prepared to collect technical 
information of X-ray machines under the study, 
such as: model, cone type, manufacturer, date of 
manufacture and type of detectors. 

Common statistical parameters have been 
calculated (such as the mean, standard deviation 
and 3rd quartile) according to the Radiation             
Protection Document No. 109 of theEuropean 
Commission (11). Minitab and XLSTAT software 
were used for data calculations. 
 
 

RESULTS AND DISCUSSION 
 

For each intraoral and panoramic unit under 
the study was measured DAP at three different 
programs: incisor, premolar, molar and child, 
adult, large adult, respectively. Input                  
parameters, mean value of DAP and                    
recommended DRLs for intraoral and dental 
panoramic units are presented in table 1.  

At some dental clinics for intraoral                   
radiography systems are still in use few systems 
older than 35 years, some of them had                 
mechanical exposure timers and the others 
hadpointed cones. Those units should get out of 
service for different reasons, like as beam           
diameter at the top of pointed cones is around 
12 cm and a source-to-skin distance (SSD) is less 
than 15 cm. So, if use SSD of 40 cm, rather than 
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short distances of 20 cm, decreases exposure by 
10 % to 25 % (12, 13). Distances between 20 cm 
and 40 cm are appropriate, but the longer               
distances are optimal (14).  

Settings of input parameters are important 
for intraoral and for panoramic dental radiology, 
because it will have strong impact on patient 
dose. Those parameters have higher effects on 
intraoral than on extraoral radiography. So,              
patient dose in intraoral radiography changed 
proportionally to the value of mA s, whereas the 
change depended on mA s to a relatively lesser 
degree in extraoral radiography (16).  

Predominantly primary care locations do not 
respect enough justification principle. Identified 
cases are: self-referral cases and high number of 
examination. Those cases mostly are done by 
dentist, which have installed an X-ray machine at 
dentist chair. 

Similar results are published by different                  
authors like as Tierris et al. (16) and Helmrot et al. 
[10]. At the first research authors measured DAP 
for 62 panoramic settings: male (101 mGy cm2), 
female (85 mGy cm2) and child (68 mGy cm2). At 
second research are presented DAP results of 
intraoral settings with tube voltage from 60 up 
to 70 kV they resulted to give DAP values from 
0.006 up to 0.033 Gy cm2 and for panoramic            
radiography measured DAP values are from 
0.035 up to 0.092 Gy cm2 for tube voltage from 
60 up to 74 kV. 

Usages of dental portable X-ray machines are 
increased every day and at some places are 
missing specialised radiographers/imaging  
technicians.  

Biggest difference between the same               
programs is identified to intraoral units              
comparing to panoramic examination.  

Hodolli et al./ DRL for dental panoramic examinations 

Table 1. Input parameters, DAP and 3-re quartile of DAP for intraoral and dental panoramic radiography. 
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Program 
Intraoral Panoramic 

Incisor Premolar Molar Child Adult Large adult 

Number of units 32 32 32 21 21 21 

Mean tube voltage [kV] 60.1 61.7 63.4 64.3 68.1 72.8 

Mean tube current [mA] 6.6 6.4 6.4 11.3 11.4 12.8 

Mean exposure time [s] 0.19 0.26 0.29 15.9 15.8 16.2 

Mean DAP [mGy cm2] 26.8 29.6 39.7 62.7 74.1 90.3 

SD of DAP [mGy cm2]* 16.0 15.55 23.15 29.4 28.9 31.7 

3rd quartile value of DAP[mGy cm2] 28.5 36.5 50.3 73.0 81.0 93.0 

* SD – standard deviation 

Figure 2. DAP at dental panoramic units. Figure 1. DAP at Dental Intraoral Units. 
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CONCLUSION 
 

From results, we conclude that the mean of 
DAP (mGy cm2) for single intraoral examination 
is 26.8, 29.6 and 39.7 for incisor, premolar and 
molar, respectively. Therefore the mean of DAP 
(mGy cm2) value for panoramic dental radiology 
is 62.7, 74.1 and 90.3 for child, adult and large 
adult, respectively. 3rd quartile are calculated  

Recommended DRLs value, for intraoral               
radiography programs: incisor, premolar and 
molar are: 28.5, 36.5 and 50.3 mGy cm2,                  
respectively. Also, DRLs for dental panoramic 
radiography programs: child, adult and large 
adult are: 73.0, 81.0 and 93.0 mGy cm2,              
respectively. 

X-ray units on use with cone collimator and 
manual timer should be forbidden to be use on 
the future due to high dose produced by them. 

For better quality control a specialized                 
radiographer, imaging technicians and medical 
physicist must be engaged.  

Further studies will be required to establish 
other diagnostic reference levels in Kosovo, such 
as lateral cephalometric radiology and dental 
cone beam computed tomography. 

 
Conflicts of interest: Declared none. 
 
 

REFERENCES 
 

1. Looe HK, Pfaffenberger A, Chofor N, Eenboom F, Sering M, 
Ruhmann A, Poplawski A, Willborn K, Poppe B (2006) Radi-
ation exposure to children in intraoral dental radiology. 
Radiat Protect Dosim, 121: 461–465.  

2. Kaeppler G, Dietz K, Herz K, Reinert S (2007) Factors influ-
encing the absorbed dose in intraoral radiography. Den-
tomaxillofac Radiol,  36(8): 506-13.  

3. Hujoel P, Hollender L, Bollen AM, et al. (2008)                      
Head-and-neck organ doses from an episode of 

orthodontic care. Am J Orthod Dentofacial Orthop, 133(2): 
210-217. 

4. Chaparian A and Dehghanzade F (2017) Evaluation of radia-
tion-induced cancer risk to patients undergoing intra-oral 
and panoramic dental radiographies using experimental 
measurements and Monte Carlo calculations. Int JRR, 15
(2): 197-205. 

5. ICRP (1996) International Commission on Radiological Pro-
tection. Radiological protection and safety in Medicine. 
ICRP Publication 73 Annals of the ICRP 26 (2), (Pergamon 
Press, Oxford). 

6. European Community (2013) Basic Safety Standard. Coun-
cil Directive 2013/59/Euratom. Official Journal of the Euro-
pean Communities, L13. 

7. ICRP (2001) International Commission on Radiation Protec-
tion. Diagnostic reference levels in medical imaging: Re-
view and additional advice. 1.ICRP Supporting Guidance 2. 
Annals of the ICRP, 31(4): 33-52. 

8. Hart D, Hiller MC, Wall BF, et al. (1996) Doses to patients 
from medical x-ray examinations in UK; 1995 review. Na-
tional Radiological Protection Board - R289. 

9. Gonzalez L, Vano E, Fernandey R (2001) Reference dose in 
dental radiodiagnostic facilities. Br J Radiol, 74 (878): 153-
156.  

10. Helmrot E and Alm Carlsson G (2005) Measurement of 
radiation dose in dental radiology. Radiat Protect Dosim, 
114 (1-3): 168-171. 

11. European Commission (1999) Guidance on diagnostic ref-
erence levels for medical exposures. Radiation fProtection 
109. Directorate-General, Environment, Nuclear Safety and 
Civil Protection, European Commission. 

12. Goren AD, Lundeen RC, Deahl II ST, et al. (2000) Updated 
quality assurance self-assessment exercise in intraoral and 
panoramic radiography. Oral Surg Oral Med Oral Pathol 
Oral Radiol Endod, 89(3): 369-374. 

13. Gibbs SJ, Pujol A Jr., Chen TS, James A Jr. (1988) Patient risk 
from intraoral dental radiography. Dentomaxillofac Radiol, 
17(1): 15-23. 

14. NCRP (2003) National Council for Radiation Protection & 
Measurements, Radiation Protection in Dentistry d. NCRP 
Report No. 145. 

15. Han S, Lee B, Shin G, Choi J, Kim J, Park C, Park H, Lee K, 
Kim Y (2012) Dose area product measurement for diagnos-
tic referencelevels and analysis of patient dose in dental 
radiography. Radiat Protect Dosim, 150: 523–531. 

16. Christine E Tierris Ch., Emmanuel NY, George NB, Evange-
los G (2004) Dose area product reference levels in dental 
Panoramic radiology. Radiat Protect Dosim, 111: 283-287. 

Hodolli et al./ DRL for dental panoramic examinations 

Int. J. Radiat. Res., Vol. 17  No. 1, January 2019 150 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

rr
.c

om
 o

n 
20

26
-0

5-
26

 ]
 

Powered by TCPDF (www.tcpdf.org)

                               4 / 4

http://ijrr.com/article-1-2467-en.html
http://www.tcpdf.org

