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INTRODUCTION
Over two decades surveys of radiological practice in Romania have demonstrated

wide variations in patient dose levels between different hospitals. Local and national
investigations (1, 2) revealed poor performances as well as of radiological equipment,
darkroom procedure or technology of investigation.

 Hitherto, the annual collective effective dose to the population of Romania from
diagnostic medical exposures attained a value of 13,820 manSv (3). Since the annual
frequencies of radiological examinations remain unchanged over last ten years, this value is
mostly attributed to the individual dose levels in different X-ray procedures (4, 5).

Notwithstanding the huge benefits to patients, the reduction of unnecessary exposures
and individual doses are our principal concern and the establishment of national reference
dose levels should solve this problem. British experience demonstrated that reference doses
are a practical tool in this purpose and the adoption of national reference dose values indicated
an overall improvement in patient exposure (6, 7, 8, 9). Even the local of reference dose
values proved a useful way to achieve patient dose reduction. In meantime the optimization of
patient protection, each X-ray examination should be conducted with lowest necessary dose to
achieve the clinical aim.

 This paper presents the first approach to establish local reference dose levels for some
diagnostic examinations based on the measurements made in six (from the eighth of Eastern
territory of Romania) districts, invited to cooperate in this end.

MATERIAL AND METHODS
The survey has been carried out in a representative sample of X-ray diagnostic

departments consisted of 27 units selected on their annual workload. 
Our radiation protection department during the period from July 1997 to July 2000 has

conducted measurements. We have selected over 3100 adult patients undergoing eight most
frequently performed types of diagnostic X-ray radiographs: spine - lumbar, thoracic and
cervical - ( AP, Lat); skull  (AP, PA, Lat); pelvis (AP); abdomen (AP);  intravenous
urography; chest (PA, Lat) and three fluoroscopic examinations: chest, barium meal and
barium enema.

The doses were expressed in terms of directly measurable dose quantities: entrance
surface dose (with backscatter) (ESD) for radiographs and dose–area product (without
backscatter) (DAP) for fluoroscopies. The ESD measurements have been made with TLD–
100 thermoluminescent detectors directly stuck to the patient’s skin. DAP measurements have
been performed by using a Diamentor transmission ionisation chamber attached to the
diaphragm housing of the X-ray set.

All dosimeters have been calibrated at WHO Regional Reference Centre for
Secondary Standard Dosimetry–Bucharest. The measurements indicated the typical dose to an



average adult patient by the procedures and equipment in current use in X-ray diagnostic
departments.

Local reference dose levels have been established as NRPB and EC recommendations,
based pragmatically on the rounded third quartile values of the mean dose distributions at
individual radiological services (10, 11).

RESULTS AND DISCUSSION
Table 1 indicates the maximum, minimum and mean values of ESD for 8 commonly

used radiographic examinations and the resulted first and third quartiles.
As figures show the range in mean ESD values varies from a factor of 18 to 83. The

lowest factor values between 18 to 20 have been found for pelvis, abdomen, intravenous
urography and chest. The wider range of ESD from a factor of 20 for thoracic spine (AP) to a
factor of 83 for cervical spine (LAT) has been found for X-ray examination of spine and skull.

As an initial guideline should be recommended that all radiology departments should
aim to achieve mean dose levels indicated in Table 2.

Table 1.Distribution of individual entrance surface doses for radiographic examinations

Examination Entrance Surface Dose (mGy)
  Mean          Min        1st quartile        Median           3rd quartile
Max

Lumbar spine AP
LAT

17.6
42.0

2.0
4.4

8.0
17.4

15.7
36.0

22.3
59.4

70.5
162

Thoracic spine AP
LAT

11.2
24.0

2.0
3.5

5.1
      15.4

10.2
24.2

15.1
29.2

41.0
97.0

Cervical spine AP
LAT

6.4
6.6

0.4
0.3

2.0
3.4

9.1
5.8

9.7
9.0

22.0
25.0

Chest PA
LAT

1.7
4.2

0.3
0.7

1.2
3.5

1.6
4.0

2.2
4.4

6.0
13.0

Skull AP,PA
LAT

11.0
9.4

1.0
1.2

4.8
3.5

11.5
11.5

15.7
13.0

30.5
27.5

Pelvis AP 13.2 1.9 5.0 14.4 17.4 35.3
Abdomen AP 10.9 2.1 5.5 11.2 15.0 37.0
Urography AP 47.6 12.0 20.5 46.0 63.0 230

For the moment, the regional reference dose levels, presently established, must be
regarded only as a practical tool to increase the awareness of radiological staff of observed
levels of patient dose. They are too high to be considered as optimal from radiological
protection point of view. We deliberately choused such values in order to permit those
“worst” radiological units to improve their conditions.



Table 2. Reference values of entrance surface dose for radiographic examinations

        Examination                      Projection Reference dose (mGy)
Lumbar spine AP

LAT
20
55

Thoracic spine AP
LAT

15
30

Cervical spine AP
LAT

9.0
9.0

Chest PA
LAT

2.0
4.0

Skull AP, PA
LAT

15
13

Pelvis AP 15
Abdomen AP 15
Urography AP 60

Table 3 indicates for fluoroscopic examinations the same dosimetric quantities of
individual measurements. The established reference levels of dose–area product for chest
fluoroscopy, barium meal and barium enema are presented in Table 4.

The highest factor value between maximum and minimum doses was for chest
fluoroscopies (about 200). It may be explained by extremely differences of X-ray equipment
in use, from very old ones to modern devices with TV chain and image intensifiers.

Table 3. Distribution of individual dose area products for fluoroscopic examinations 

Examination Dose area product (Gy cm2)
   Mean         Min          1st quartile     Median         3rd quartile
Max

Chest fluoroscopy 3.7 0.1 0.7  3.1 5.2 23.3
Barium meal 21.6 2.1 8.5     16.6 28.2 100
Barium enema 36.6 2.4

26.4
    34.5 53.8 116

Table 4. Reference values of dose area product for fluoroscopic examinations 

Examination Reference dose  area product (Gy cm2)
Chest fluoroscopy  5
Barium meal 30
Barium enema 55

The x-ray examinations of digestive tract had less annual frequencies than chest
examination. Consequently, the radiology department sample diminished, so, the dose values
are not quite representative. Under such circumstances, the present values of reference dose–



area products should be regarded only as indicative, especially for barium enema
examinations (11 hospitals), with a limited practical use. More measurements are needed in
order to achieve reliable reference dose levels and our further efforts should be directed on.

CONCLUSIONS
Regional dose reference levels for most commonly X-ray examinations at the 3rd

quartile level have been established in order to increase the general awareness about patient
exposure in diagnostic radiology.

25 % of hospitals needing urgent measures for the improvement of their
radioprotection performance have been identified.

Some fluoroscopic examinations like barium enema necessitate further measurements
to achieve reliable reference dose levels.

The use of examination-specific reference levels of dose promotes the optimization of
protection for patients in diagnostic radiology in Romania, in line with the ICRP philosophy
of dose constraints.
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