
Development of radiation protection in intraoral dental radiography 
during the years 2002 - 2005 - analysis of postal audits results 

Petra Duálová, Leoš Novák 
National Radiation Protection Institute (NRPI), Šrobárova 48, 100 00 Prague 10, Czech 

Republic 

Introduction 

Since 2002, the postal audit in dental radiography has been supplementing standard quality control 
(QC) tools (acceptance test, status tests, and constancy tests) for dental intraoral X-ray machines. An aim of 
the audit is to check basic X-ray machine parameters (field size and exposure reproducibility), and a quality 
of the whole process of diagnostic imaging - it covers a measurement of incident air kerma (IQ) for an upper 
molar exposure, a check of film processing, and an image quality evaluation. It is well known that dentists 
often do not keep recommended procedures for film processing. Consequently, they deliver higher exposures 
to patients than necessary. Doses from such exposures do not exceed diagnostic reference level (DRL) 
usually, which is set at 5 mGy in the Czech Republic for an upper molar exposure (ref. 1), but they can be 
two to four times higher than an optimal dose. Therefore, it is not sufficient to check only the K,. 

To check all these parameters a dentist obtains a dosimetric set containing TLD, general radiographic 
film, an exposed dental film, questionnaire, and treats all according to instructions. For more details about 
the method see ref. 2. The standard QC tests, performed by licensed private companies, check mainly the X-
ray unit. Over against, the audit gives better information about a practice how patients are examined, because 
a dentist treats the set in the same way as he treats a patient undergoing an X-ray exam. 

From January 2002 to June 2005, a total of 5272 workplaces received the dosimetric set to perform 
the audit. Table 1 indicates an increase in audits with satisfactory results during the years 2002 - 2005. It can 
be also seen from the table, that the number of cases with unsatisfactory results of imaging process is 
approximately constant each year. It means unfortunately, that it comes to no improvement in a providing of 
the X-ray exams among the dentists. Therefore, the increase of total number of satisfactory results is caused 
mainly by replacement of large number of old single-pulse low-voltage X-ray machines (<60 kV) of Czech 
production with high-frequency generator X-ray machines as it can be seen from the table 2. Comparison of 
Kj distributions for these two groups of X-ray machines is shown in figure 1. 

Table 1: Summary of audit results performed in 2002 - 2005 

X-ray machine Imaging process 2002 2003 2004 2005 
satisfies satisfies 19% 33% 39% 50% 
satisfies do not satisfies 47% 45% 43% 42% 
do not satisfies do not satisfies 27% 16% 12% 5% 
do not satisfies satisfies 7% 6% 6% 3% 

Table 2: Proportional representation of X-ray machines with various generator types in 2002 - 2005 

Results 

2002 2003 2004 2005 
Single-pulse, U < 60 kV 
Single-pulse, U ž 60 kV 
HF generator 

44% 29% 25% 19% 
37% 35% 30% 35% 
19% 36% 45% 46% 

Figure 1: K, distributions for X-ray machines with single-pulse and high-frequency generator in 2002 - 2005 
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A currently valid diagnostic reference level for an upper molar exposure is 5 mGy for dental films 
and 1 mGy for CCD sensors. The measured values of Kj show log-normal distribution. K, distributions for 
image receptors used are shown in figures 2 - 4 . There is apparent decrease of Kj values during the years 
2002 - 2005. Quarterly means and third quartiles of K, distributions for image receptors used are shown in 
table 3. The values of the third quartiles indicate that the DRL could be decreased to 3 mGy for E speed 
films. However, the optimal dose for E speed films range between 1 - 1 . 5 mGy. In case higher doses are 
applied by dentists, the dental films exposed by such workplaces and processed by NRPI are too dark to 
comply with image quality requirements (ref. 2), and the dental films exposed by NRPI and processed by 
such a workplaces have commonly too low optical densities. 

In table 4, there is representation of various types of image receptors used in 2002 - 2005. It shows 
certain decrease in use of D speed film and an increase in use of CCD sensors. It is also related to the 
increased usage of the high-frequency generator X-ray machines. Generally, all these trends contribute to a 
decrease of doses to patients undergoing the examinations. 

Table 3: Mean values and third quartiles of Kj distributions (mGy) 
2002 2003 2004 2005 

l-lll IV-VI VII-IX X-XII l-lll IV-VI VII-IX X-XII l-lll IV-VI VII-IX X-XII l-lll IV-VI 

E speed films mean 3,1 2,5 2,7 2,4 2,2 2,3 2,1 2,2 2,1 2,5 1,8 1,8 2,1 1,9 E speed films 
3. quartil 4,8 3,5 4,1 3,3 3,2 3,5 3,1 3,2 3,1 2,5 2,5 2,7 3,0 2,4 

D speed films mean 3,6 2,7 3,2 3,0 2,6 2,8 2,7 2,8 2,7 2,8 2,8 2,5 2,2 1,9 D speed films 
3. quartil 4,8 3,8 4,5 4,3 4,0 • 4,0 3,9 4,8 3,6 4,1 3,1 3,4 2,6 2,6 

CCD sensors mean not measured 0,6 0,7 0,8 0,6 0,6 0,6 0,6 0,6 0,6 0,6 CCD sensors 
3. quartil 

not measured 
1,0 1,0 1,1 0,8 0,9 0,8 , 0,8 0,8 0,9 0,8 

Table 4: Representation of various types of image receptors in 2002 - 2005 

2002 2003 2004 2005 
E speed films 81% 77% 73% 76% 
D speed films 19% 14% 11% 6% 
CCD sensors 9% 16% 18% 

Figure 2: Distribution of K; (E speed films) 
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Results of performed audits have shown that the main problems in the dental radiology are connected 
with incorrect film processing and non-optimized setting of exposure parameters. Currently, the use of old 
X-ray machines represents a minor problem, because of their massive replacement. In 2005, 50 % of 
properly performed audits were satisfactory in all checked parameters. Although DRL was exceeded in 9 % 
of the cases in the year 2005, almost 50 % of the workplaces showed problems with a correct and optimized 



setting of the exposure parameters according to film sensitivity and with film processing. Quality of the 
whole imaging process depends mainly on the approach of dentists; any significant improvement in this field 
can not be expected at the moment, as discussed previously. 
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