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Abstract

A research for the estimation of doses received by patients undergoing radiological examinations in order to
establish diagnostic reference levels (DRLs) was conducted in Greece. A total of 7 big hospitals in Athens were
selected and 450 patients consisted the sample. The Entrance Surface Doses (ESDs) to patients undertaking 5
common X-ray examinations (chest, cervical spine, lumbar spine AP & LAT, pelvis) were estimated using both
thermoluminescent dosemeters (TLDs) attached to the patient's skin and ionisation chamber for air kerma
measurements. Patient's data and exposure settings were recorded. The results from both methods coincided
perfectly. The lumbar spine AP & LAT and the pelvis examinations proved to demonstrate lower DRLs than the
ones recommended by the E.U. For the cervical spine examination, where there is no E.U. recommendation, the
value of 1.0 mGy was established as the national DRL. In the case of the chest examinations the DRL was found
to be 0.7 mGy, more than twice the recommended value. Discrepancies in the patient doses and techniques used
for the examinations studied were found among the different hospitals. Results concerning the kilovoltage and
Focus-to-Film-Distance (FFD) were also analysed and compared to those recommended by the E.U. Correlation
between the kilovoltage and milliampere-second product (mAs) settings was found only in the cases where the
Automatic Exposure Control was operated.

1. Introduction

Previous studies on radiation exposures during common medical diagnostic procedures have
demonstrated that doses may have a range of up to two orders of magnitude, making clear that
there is considerable need for dose reduction [1]. The Diagnostic Reference Levels (DRLs),
which were set down by the European Community, are dose levels in medical radiodiagnostic
practices for typical examinations for groups of standard-sized patients for broadly defined
types of equipment. These levels are not expected to exceed for standard procedures when
good and normal practice regarding diagnostic and technical performance is applied [2]. This
work is a continuation of a previous survey [3] on the estimation of doses received by patients
in Greek hospitals.

2. Materials and methods

The following routine examinations were studied: chest PA, cervical spine, lumbar spine AP
& LAT and pelvis. Seven big radiology departments belonging to hospitals located in Athens
participated. According to the E.U. recommendation [4], the dose measurements should be
performed on standard-sized patient with an average weight of 70 ± 3 kg. In this survey the
NRPB protocol [5] was followed which has suggested that at least 10 patients for each
examination from every X-ray unit should be taken into account for the estimation of ESD,
having weights 70 + 20 Kg.

ESD is defined as the absorbed dose to air at the intersection point of the X-ray beam axis
with the entrance surface of the patient, including backscatter radiation and can be determined
by two types of dosemeters: TLDs and ionisation chambers [1].
ESD was directly measured using 3 TLDs placed on the patient's skin. The calibration
procedure of the TLDs used in this survey (LiF TLD-100) showed: TLDs' batch homogeneity
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20%, reproducibility 3%, minimum detectable dose 30uGy [6], energy response curve ±18%
for 50-150 kVp, linearity 1%.

Indirect estimation of ESD was obtained by measuring the primary beam air kerma from the
X-ray tube. For each X-ray unit a quality control test was performed in respect to kilovoltage
& timer accuracy and consistency, tube output measurement (at 75 cm and 20 mA.s), tube
linearity and filtration. The tube output measurements were then corrected using the inverse
square law, kVp & mA.s values for each patient's examination and appropriate backscatter
factors to estimate the ESD using the formula:

ESD = KaiJ»/p)-lex^x(^-) xBSF

where Kajr is the air kerma measured, (u/p) is the ratio of mass absorption coefficient to
density (the ratio of u/p for muscle to that for air can be taken as 1.06 for all typical diagnostic
X-ray qualities) [7], FSD is the Focus-to-Skin-Distance (in cm) and BSF is the backscatter
factor. The BSFs values depend on beam quality, field size and FSD and were determined
from literature [8-11].

The measurements with the TLDs and the calculations with the ionisation chamber for
estimating the ESD showed a very high correlation (R=0.97).

For each patient the following data were recorded: hospital, X-ray tube, examination, sex, age,
weight, height, kVp and mA.s settings, Automatic Exposure Control (AEC), Focus-to-Film-
Distance (FFD), film size and sensitivity of intensifying screen-film.

Table 1: Exposure parameters and ESD values

Examination
Chest PA
Cervical spine
Lumbar spine AP
Lumbar spine LAT
Pelvis

Kilovoltage
94 (39)
75 (43)
83 (40)
89(9)
76(7)

FFD (cm)
177 (27)
144 (23)
108(8)
111(11)
107(8)

ESD (mGy)
0.7 (0.3)
1.0(0.6)

9(3)
16(8)
7(3)

The values in parenthesis represent 1SD value

3. Results

A total number of 450 patients from 7 hospitals and 13 different X-ray units were monitored
in this survey. The examination types selected (chest PA, cervical spine, lumbar spine AP &
LAT and pelvis) are either the commonest or represent techniques with the highest absorbed
dose to the patient. The exposure parameters and the ESD values for each type of examination
are presented in Table 1. It should be noted that the ESD values are given as the 3rd quartile of
the estimated value, according to the European Commission suggestions [2]. For each type of
radiograph included in the CEC Working Document [12] there is "an example of good
radiographic technique" in which values are recommended for various parameters, such as
kilovoltage and Focus-Film-Distance, which should enable the dose criteria to be met. Table 2
presents the suggested exposure parameters and the percentage of the examinations meeting
them. The formula for the ESD values shows the inverse relation between kVp and mA.s.
Table 4 presents the findings for such relation for all the X-ray units.
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Table 2. Recommended exposure parameters and coincidence in this study

Examination

Chest PA

Cervical Spine

Lumbar spine AP

Lumbar spine LAT

Pelvis

E.U. kVp
Coincidence (%)

125
6%

60-80**
80%
75-90
61%
80-95
59%

75-90
46%

E.U. FFD (cm)
Coincidence (%)

140-200
90%

140-180**
63%

100-150
100%

100-150
100%

100-150
100%

E.U. DRLs (mGy)
Coincidence (%)

0.3
50%
1.0**
75%

10
85%
30

100%
10

100%
*The recommended kVp are taken as 120-130
** These values are considered to be the recommended ones

Table 3. Maximum-to-minimum ratios for ESD values

Examination

Chest PA
Cervical Spine
Lumbar spine AP
Lumbar spine LAT
Pelvis

Max/MinofESDs
for all patients

57
31
20
26
17

Max/Min of mean ESDs between all
X-ray units

5
7
6
8
9

Table 4. The kVp-mA.s correlation

X-ray unit
TUR D703, Siemens Tridoros 5S
Philips Optimus, Siemens Opti 150,
Siemens Opti 150
Siemens Gigantos 1012E,
Siemens Polyphos 50, CGR Triplunix T
CGR Dualix a, CGR Dualix 825,
Siemens Tridoros 150,Siemens Tridoros 5S,
Siemens Tridoros 5S

AEC
No
Yes

No

No

mA.s v kVp
mAs oc kVpn

mAs oc kVp"n

mAs constant

No correlation

4. Discussion

Table 2 shows that in the case of the chest examinations 90% of them had FFD in the range of
140-200 cm but in less than 10% the 125-kVp setting was used. The ESD value was^found to
be 0.7 mGy, which is more than twice the recommended value of 0.3 mGy. The non-
compliance of the ESD with the E.U. guideline is quite surprising since the latest has been set
rather high so as not to discourage users. It is obvious that the "hard setting" technique
recommended by the E.U. is not adopted by the radiology labs. 50% of the cases had ESD
values exceeding the recommended one. Considering the cases where at least one of the
recommended E.U. settings (either kVp or FFD) was followed, the ESD for the chest
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examination reaches the value of 0.5 mGy. Only when both the FFD and the kVp
recommendations are fulfilled (the kilo voltage taken in the range 120-130) the ESD falls to
0.2 mGy.

As far as the cervical spine examinations is concerned there are no E.U. recommendations.
The survey showed that, considering the ESD value of 1.0 mGy as acceptable, the optimal
kilovoltage and FFD ranges would be 60-80 kVp and 140-180 cm respectively.

It can be seen that the lumbar spine AP & LAT and the pelvis examinations fulfilled by 100%
the recommendations for the 100-150 cm FFD range.

As far as the kilovoltage setting is concerned, the lumbar spine AP & LAT examinations
followed by approximately 60% the recommendation for 75-90 kVp and 80-95 kVp range
respectively while the pelvis examinations followed by less than 50% the range of 75-90 kVp.
Almost 100% of the estimated ESD values for the lumbar spine LAT and pelvis examinations
and more that 80% for the lumbar spine AP were below the E.U. DRLs.

Table 3 shows the maximum-to-minimum ratio of ESD values for individual patients and
between hospitals. It can be seen that the ESDs for chest examination vary up to 57 times
individually but only 5 times between the various hospitals. While each hospital has a wide
range of ESD values due to the different radiographic techniques used, the mean ESD for each
projection does not vary as greatly from hospital to hospital.

It is obvious from Table 4 that only in the cases where the Automatic Exposure Control was
used, the choice of mA.s was inversely proportional to the kVp setting. The findings,
surprising enough, make the need for revision of the radiographic techniques used urgent.

It is clear that in the case of the chest examinations immediate measures have to been taken in
order to minimise the ESD value. In the other examinations the ESD values proved to be quite
satisfactory and below the European guidance dose levels. Differences from the results
presented in a previous paper [3] may be attributed to different sample sizes.

5. Conclusion

This study clearly showed that there is a need to harmonise the practices followed by the
technologists in order to meet the European criteria for radiographic images and to this
direction the establishment of examination protocols provided by the new radiation protection
regulations will be of great importance. Additionally, efforts to update the equipment installed
in the radiology departments should be made. DRLs can encourage changes in working
procedures and equipment by showing what is possible and achieved in other departments.
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