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QUALITY CONTROL IN DENTAL RADIOLOGY IN SERBIA: PRELIMINARY RESULTS
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Abstract. For the purposes of this study, the quality control was carried out on 40 intraoral and 20 panoramic
dental x-ray units in use in the public and private sector in Serbia. Parts of the quality control which are derived
were: visual inspection of the dental x-ray units and related equipment, performance testing of the dental x-ray units
and inspection of the radiation protection facilities for patient, personnel and population. Results show that most of
the examined devices (88% intraoral and 95% panoramic x-ray units) operate within regulatory standards. The
worst results showed intraoral devices that operate on 50 kV within the repeatability of exposure time and the lack of
adequate filtration. The main reason for this is the irregular and insufficient servicing of x-ray units and related

equipment.
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1. INTRODUCTION

The number of examinations in diagnostic
radiology, which is the largest contributor to the
population dose from man-made sources of ionising
radiation, is steadily increasing. According to the
United Nations Scientific Committee on the Effects of
Atomic Radiation (UNSCEAR) report from 2008, 3.6
billion radiological examinations were executed each
year in the world, of which 480 million examinations
were from dental radiology [1]. The contribution of
dental x-ray units to all x-ray units in our country is
larger than 25% [2]. This is one of the reasons why it is
very important to perform regular quality control (QC)
in this branch of diagnostic radiology: this is performed
(on annual basis or after servicing of the x-ray unit)
according to national legislative [3], and QC protocols
that have been adopted from international standards
and guidelines [4, 5], which have been modified
according our practice and measuring equipment [6].

It is worth mentioning that there is still a
significant number of single-phase generator x-ray
units (average age > 25 years), mainly in the public
sector, but the situation has been improving in the past
few years. There is, also, an increasing number of the
Cone Beam Computed Tomography (CBCT) x-ray units
and significant steps have been made to establish a
protocol of quality control according to European
Commission Radiation Protection Publication N° 172

[71.

The aim of this study, based on the measured
sample was to present the state of X-ray units, in
relation to the equipment and facilities for radiation
protection for patients, staff and the population in
dental diagnostic radiology in the country and to
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indentify guidelines for improving the overall quality in
the case of practice and radiological protection.

2. MATERIALS AND METHODS

Results for this study were obtained during the
regular annual quality control inspection performed in
the year of 2016. The quality control was carried out on
40 intraoral and 20 panoramic dental x-ray units in
use in the public and private sector in Serbia, as
already stated, on the basis of national legislative [3]
and international standards and guidelines [4, 5]. Parts
of the quality control which are derived were given in
Table 1, 2 and 3. Criteria for performance testing of the
dental x-ray units and visual inspection of the dental x-
ray units and related equipment were taken from
national legislative [3, 8].

Table 1. Visual inspection of the dental x-ray units
and related equipment

Parameter Criterion
Mechanical stability Pass/No pass
Focus to skin distance (FSD)

Intraoral >10 cm
Panoramic >15cm
Operating tube potential > 50 kV
State of image receptor Pass/No pass

Table 2. Inspection of the radiation protection facilities for
patient, personnel and population

Parameter Criterion

The adequacy of structural Satisfactory/Not

protection satisfactory

Protective equipment Sat} sfactory/Not
satisfactory

Personal dosimeters Yes/No




Additional information that is required from the
dental staff in the facility, during the annual quality

control is whether the
equipment are regularly serviced.

devices and associated

All measurements in the case of performance
testing of dental x-ray devices were performed by a
regularly calibrated multimeter MPD Barracuda (RTI

Electronics AB, Sweden).

Table 3. Performance testing of the dental x-ray units

Parameter | Criterion
Intraoral

kVp reproducibility < +10 %
Timer accuracy <+10%
Timer reproducibility <+10%
Tube output reproducibility at FSD <+10%
Half —value layer (HVL)

For voltage < 70 kV > 1.5 mmaAl
For voltage > 70 kV > 2.5 mmAl
Panoramic

kVp reproducibility <+10%
Timer accuracy <+10%
Timer reproducibility <+10%
Half —value layer (HVL)

For voltage < 70 kV > 1.5 mmAl
For voltage > 70 kV > 2.5 mmAl
Tube output reproducibility <+10%

Table 4. List of examined intraoral dental x-ray devices and
their basic technical characteristics

Nominal

X-ray )t(;]?ey o 5 Total
X-ray unit tube current E % filtration
voltage @ 5 (mm Al)
V) (mA) =N
Dent (Ei Nis) 50 10 12 1.5
CS 2100
(Carestream) 60 7 4 2
Intra o 8 5
(Planmeca) 7 4
Heliodent
Vario 70 7 9 1.5
(Sirona)
Expert DC
(Gendex) 65 4 15
Gnatus 70 7 3.22
Elitys
(Trophy) 70 8 2 2.5
Minray o 5
(Soredex) 7 7 3

Table 5. List of examined panoramic dental x-ray devices and
their basic technical characteristics

Nominal X-ra .
X-ray tubg o 5 Total
X-ray unit tube current E & filtration
voltage “ 5| (mm Al
V) (mA) S
Pax1
(Vatech) 50-90 4-10 3 2.5
Cranex
(Soredex) 63-81 6-10 8 >2,
Planmeca 70 8 2 >2.5
Orthopanto
mograph 75 10 4 >2.5
(Siemens)
GX DP-300
(Gendex) 66-77 10 3 >2.5

96

In order to check the stability of the devices, all the
measurements were repeated 5 times and the results
were statistically analyzed (mean, standard deviation,
minimum and maximum values). Measured quantities
along with the criterion for permitted limit values are
given in Table 3.

Measurements of the ambient dose equivalent rate
for the inspection of the adequacy of structural
protection (Table 2) were performed by regularly
calibrated Ion Chamber Survey Meter Victoreen 451P
(Fluke Biomedical, U.S.A.).

The list and number of examined intraoral and
panoramic dental x-ray devices with their basic
technical characteristics are shown in Table 4 and 5.

3. RESULTS AND DISCUSSION

Results of the visual inspection of dental x-ray units
and related equipment shows that, among 60 inspected
devices, 5 has a poor mechanical stability, 2 have
inadequate focus to skin distance (FSD) (dimensions of
x-ray collimator < 10 cm). Two other parameters, in
the case of visual inspection, operating tube voltage
and the state of the image receptors, were found to
have pass criteria for all inspected devices.

Table 6. The measurement results of performance testing of
the intraoral dental x-ray units

Mean (Sitapdgrd Min | Max
eviation

1(((;33 reproducibility | 3.2 5.0 140 | 52
Timer accuracy (%) -0.5 5.9 -10.0 | 25.0
Timer
reproducibility %) | 8 49 -9-8 | 201
HVL (mmAl)
50 kVp 1.55 0.34 0.9 2.24
60 kVp 1.8 0.1 1.7 2.0
65 kVp 1.7 0.1 1.6 1.9
70 kVp 1.9 0.3 1.6 2.5
Radiation output reproducibility %
50 kVp 0.2 0.7 0.2 1.0
60 kVp 0.4 0.4 0.2 0.8
65 kVp 1.0 0.1 1.0 1.2
70 kVp 0.9 0.4 0.4 1.8

Table 7. The measurement results of performance testing of
the panoramic dental x-ray units

Parameter Mean (Sltal.ld?rd Min Max
eviation

1(((}/33 reproducibility 05 4.6 7.8 9.9
Eég;zilucibﬂity ) | ! 20 51| 48
HVL (mmAl)
66 kVp 2.8 0.7 2.1 3.8
70 kVp 2.8 0.1 2.7 2.8
75 kVp 2.7 1.7 0.2 4.9
80 kVp 2.8 o 2.8 2.8
Radiation output reproducibility
Coefficient of variation (%)
66 kVp 4.8 7.0 0.3 16.7
70 kVp 7.3 5.2 0.3 16.1
75 kVp 12.7 8.8 0.7 24.0
80 kVp 0.4 0 0.4 0.4

Results of the inspection of the radiation protection
facilities for the patients, personnel and population



show that the adequacy of structural protection was
satisfactory in all inspected cases; the measured results
of the ambient equivalent dose rate do not exceed one-
third of the limit values for personnel and public,
respectively [8]. In two cases the protective equipment
for patient was found to be unsatisfactory and, in two
facilities, the personnel were not wearing personal
dosimeters.

Measurements of the performance testing of
intraoral and panoramic dental x-ray units were
carried out after the removal of all existing defects that
were observed during the inspection of devices and
radiation protection of facilities. The final results are
presented in Table 6 and 7, showing the mean,
standard deviation and minimum and maximum
values. The tube operating potential value affects the
value of the radiation output and half-value layer
(HVL), and, therefore, is given separately for each
value individually [9].

The interview with the staff showed that, in 70% of
inspected facilities, the regular service to X-ray devices
and related equipment was not performed.

Among the examined intraoral and panoramic X-
ray units, there were a number of models and
manufacturers [9]. Differences exist in the case of
image receptors. The ratio between the film and digital
sensors as the receptors were 60% to 40%.

A third of the reviewed units were older than 20
years, and almost a half was installed in the last two
years. Most of the examined devices (88% of intraoral
and 95% of panoramic x-ray units) operate within the
regulatory standards. The performance test of intraoral
dental x-ray units showed that 95% of the units met the
standards related to the kVp reproducibility, 90% of
them met HVL standards, and 2.5% did not have the
sufficient time accuracy and repeatability. As far as the
performance of panoramic dental X-ray units is
concerned, 95% of the units met the standards for kVp
reproducibility, time accuracy and repeatability, while
5% did not have adequate HVL. Of 5 intraoral X-ray
machines whose measurements were out of the
standard framework, 4 devices had mono-pulse
generators and an age of over 25 years.

4. CONCLUSION

From this sample of examined X-ray units, related
equipment, and requirements concerning radiological
protection, it can be concluded that there is plenty of
room for improvement. For the start, replacing older
devices (tube operating potential — 50 kVp, length of x-
ray collimator — 10 c¢m, exposure time > 0.8 s) with
newer (tube operating potential > 60 kVp, length of x-
ray collimator > 20 cm, exposure time < 0.25 s) will
significantly contribute to reduce dose to patients.

To make quality control results more complete, the
regular annual check should include measurements
relating to the dose for patients, checking the image
quality and the number of repeated images. Data on
patient doses in intraoral dental radiology already exist
in the context of the preliminary results [10, 11], which
should be extended to a larger sample, and they need to
join the data on doses to patients in the event of
exposure with a panoramic X-ray devices.

Finally, it should be noted that a more regular
service of X-ray devices and accessories should also
significantly improve the overall situation in dental
radiology. A more regular service with regular quality
control is likely to improve the quality of practice and
radiological protection and, therefore, lower doses for
patients.
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