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Introduction

According to Czech laws dental intraoral X-ray machines are classified as "simple sources
of ionizing radiation". Consequently, their use is licensed on condition that an adequate quality
assurance program is realized. In general, the programme is based on acceptance tests, status
tests and constancy tests. The particular methods are specified in the recommendation [1]
published by State Office for Nuclear Safety. Both the acceptance and status tests involve in situ
measurements to control parameters of the X-ray machine and the developing process. Only
persons who were licensed for such handling can do these measurements. The yearly status tests
are very detailed and several years' experience showed it might be advantageous to have a
simpler method additionally available for purposes of the state supervision. Such a method is
supposed as a postal audit. It should be simple enough to make the operation of the state
supervision more effective but it also should provide sufficient information on radiation
protection of the patients. Besides it should enable to prolong the period for the status tests
ultimately. As for the postal audit, a small package containing a proper dosimetric set would be
sent directly to the dentist who would treat it according to instructions. This paper describes
such method that was developed in the National Radiation Protection Institute (NRPI) and
results of pilot study that was carried out to test the method.

Material and methods

The method is supposed to control a few important parameters of the X-ray unit that are
significant as concerns the radiation safety of the patient. It involves control of both dosimetric
and sensitometric parameters. The dosimetric part covers measurements of air kerma Ka at the
top of the X-ray tube, radiation area diameter and exposure reproducibility. As for the
sensitometric part, basic fog, sensitivity index and contrast index are measured.

Fig. 1: The irradiation geometry

For this purpose the dentist receives a small package with the dosimetric set and
instructions. The set is formed by radiographic film FOMA MEDIX 90 NEW (format
18x24 cm) inserted in a plastic opaque cassette. On the cassette two areas to be irradiated are
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marked. TL - dosemeter is attached to the plastic cassette just within one of the areas to be
irradiated. Another particular part of the set is one preexposed intraoral film
AGFA DENTUS M2. The dentist is asked to irradiate the two marked areas on the cassette
using the usual upper molar exposure (see Fig. 1). His next task is to develop the preexposed
intraoral film using a usual way. Finally he is asked to provide own dental film and to irradiate
it through a special phantom using the usual upper molar exposure. This film is supposed to be
processed later in NRPI where it is measured and evaluated.

TL measurement

The TL measurement provides the value of the applied Ka. Since the TL pellets of
LiF:Mg,Ti are covered with the plastic layer forming a standard badge, the dosemeter shows flat
energy response in the region of interest corresponding to 50-70 kV. The TL dosemeters are
read by Dosacus - Rados reader. The TLD system is calibrated by means of a reference X-ray
unit (Prostyle Intra). The air kerma, Ka, is calculated from the TL reading, R, using the
following equation

Ka = R fcar ffad

where:
- fcai ... calibration factor determined from measurement of calibration TL

dosemeters
- ffad... fading correction factor

There usually is no need to correct the fading because the dentist is asked to irradiate the
dosimetric set during a given time period when the calibration dosemeters are irradiated in the
NRPI laboratory. The measured value of Ka should not exceed the guidance level that is 5 mGy.

Radiographic film measurement

The developed radiographic film enables to verify the dimension of the radiation area. Its
diameter should be in range from 5.4 to 6 cm. The comparison of densities measured within the
two irradiated areas makes possible to evaluate the irradiation reproducibility. The difference
between the optical densities should not exceed 6% since it would entail the difference about
10% in terms of Ka. The value of 6% is proximate and depends on a current calibration.
Homogeneity of the radiation areas can be easily evaluated visually because the densities
usually range from 0.8 to 1.8.

Dental films evaluation

The developing process quality is verified by means of the couple of the dental intraoral
films. The film forwarded with the whole set to the dentist is preexposed in NRPI lab. The film
irradiation is made with the reference Prostyle Intra X-ray machine. The distance from the X-
ray tube bottom to the film is set to be 2 cm. Applied exposure parameters correspond to the
optimal upper molar exposure, which gives kerma value about 250 u.Gy under 6 mm thick layer
of aluminium. These exposure parameters ensure the maximal quality of the X-ray image
provided that the correct developing conditions are observed. The film is covered by a special
dental phantom during the irradiation. The phantom is formed as a wedge step from aluminium
(declared purity 99.5%) and involves a few ancillary spots (a blank field, a small lead seal to
assess the basic fog and a fine grid to assess the resolution). The thicknesses of the steps are
chosen to cover the whole spectrum of contrasts in the dental radiography. There are two types
of the phantom used in the Czech Republic (VMK and Radex) that partly differ in the step
thicknesses, the VMK phantom contains also a significant admixture of copper (the declared
purity is not observed though). The preexposed film is to be developed by the dentist who
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should apply the usual developing procedure. Vice versa the second dental film is appointed to
be exposed by the dentist using his/her own setting of the X-ray machine corresponding the
upper molar exposure for an adult. The film is also covered by the phantom with the setting of
the distance of 2 cm between the top of the X-ray tube and the film. This film is to be developed
by NRPI, not by the dentist. The processed films are inspected visually first. Each step must be
distinguishable from the adjacent one and the thinnest step must be visible compared with the
blank field. After this visual control the films are compared with reference films correctly
exposed and processed. Both the audit films should look like these reference films.

The next step of the dental films evaluation is the measurement of the sensitometric
parameters, specifically basic fog (BF), sensitivity index (SI) and contrast index (CI). The basic
fog corresponds to the optical density measured under the lead seal. The sensitivity index is
defined as the density measured under one given step of the wedge (for the VMK phantom it is
the 8.3 mm step, for the Radex phantom it is the 7.4 mm step). The contrast index is the
difference between densities under two given steps (for VMK phantom it means steps of 4.26
and 12.3 mm, for the Radex phantom 3.5 and 11 mm).

The acceptable values of the measured BF, SI and CI values that ensure a high quality
radiograph were derived from reference measurements and experiences from the everyday
dentist practice (Tab.l).

VMK
RADEX

BF

<0.35
<0.33

Tab. 1. The acceptance intervals for BF,
SI

Rec. Accept.
0.8-1 0.7-1.3
1.1-1.3 1.1-1.6

50 kV
2;1

>0.9

SI and CI

60 kV
£0.9
£0.8

CI
70 kV
>0.8
>0.75

80 kV
>0.75
>0.7

Results and Discussion

After the method had been developed, 49 dosimetric sets were sent to the dentists for
purposes of the pilot study. Unfortunately 5 of these sets were not returned to the NRPI
thereafter. Besides there were a few cases when some of the tests were not performed properly
because the dentists did not fully observed the instruction sheet. The TLDs were not exposed in
2 cases, the plastic cassette with the large film was open in 9 cases, some problems with the
dental films occurred in 10 cases. To avoid such mistakes in future, the instructions will be
written at each part of the set additionally, not only in the instruction sheet.

As regards the dosimetric matter, the method seems to be suitable for the purpose that
was intended. It is able to provide the required information on the standard of radiation
protection in the dental surgery. The obtained results confirmed the expected fact that the main
problem in the dental radiodiagnostics is just the way of the film processing. Besides, many
outdated X-ray machines are in operation that makes the situation even worse.

Results of the pilot study show the following facts. Ka values lower than -3.5 mGy (that
is the maximal value of Ka that still gives good quality of the image for the speed of the used
AGFA DENTUS M2 films provided that its processing is performed correctly) was achieved in
25 cases (60%), Ka exceeding 5 mGy (guidance level) was found in 6 cases (14%). In 6 cases
the radiation area diameter exceeded the upper limit of 6 cm. Some of the fields also showed
fuzzy shapes and so they were not demarcated properly. These problems occurred mainly for
the outdated X-ray units. In 10 cases the limit of 6% for the difference between the densities of
the couple of the fields was exceeded. Obviously the lower density always occurred for the field
with the TLD and not for the field without TLD. In this way, there were found 3 cases when the
difference even was more than 30% that indicates a possible attempt to affect the Ka value
purposely. As for the dental films evaluation, there can be seen obvious differences in values of
the sensitometric parameters for referentially exposed films processed by the dentists (RE films)
and referentially processed films exposed by the dentists (RP films). The higher basic fog values
of RP films indicate wrong storage of the films at the place. The sensitivity index of RP films is
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greater owing to unnecessarily high exposures that were applied by dentists. Conversely, the.
lower values of sensitivity index of the RE films are connected with the too short developing
process at the dentists. The same conclusion counts for the contrast index as well. Some of the
RP films were exposed so much by dentists that it was impossible to assess the SI and CI due to
the density that was beyond the usable range.

Conclusions

The described method will be a helpful tool for the operation of the state supervision in
the dental radiodiagnostics. The method will be implemented into the existing system of
controls from 2002. Due to its simplicity and a quite rich content of information allows to check
a big amount of the dental workplaces at once. It is supposed that one half of all Czech X-ray
units will be checked in this way every year performed on state costs. It means 175 audits per
month approximately. In this way, the operation of the quality assurance programme will be
simplified due to the partial substitution the postal audits for the in situ measurements as well.
The medical workplaces with good results of the audit will not be required to undergo status
tests for a period of one year then. The status tests will be less frequent then. Moreover, the
results of the postal audit can be compared with the in situ control results. This indicates another
possible application of the method, namely independent inspection of the private companies that
perform the acceptance test and status tests.
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