
THE ROLE AND IMPACT OF REFERENCE DOSES ON 
DIAGNOSTIC RADIOLOGY, HOW TO USE THEM AT THE 

NATIONAL LEVEL? 
 
 

D. Nikodemová1, M. Horváthová2  and R. Karkus2 

1) Institute of Preventive and Clinical Medicine, Limbova 14, 833 01 
Bratislava, Slovakia 

2) Faculty of Public Health and Social Work, Trnava University, Trnava 
 
 
 

Introduction 
In view of the fact that patient doses for similar types of diagnostic examinations 

cover ranges of  as much as two orders of magnitude, dose reference levels (DRL) were 

proposed by the European Commission [1 ], with the intention to serve as a practical tool for 

promoting optimisation of the patient protection. The well known objective of the 

optimisation is to produce diagnostic images of adequate quality at the lowest possible 

radiation dose to patient and using a real QA programme to find the optimal balance between 

this two key parameters: image quality and doses. The doses obtained during diagnostic 

procedures are expressed in terms of the directly measurable dose quantities, it means: 

entrance surface dose (ESD) per radiograph, dose-area product (DAP) per examination, or 

average glandular dose (AGD) in mammography.  

The generally recommended DRL values for common used typical examinations of 

standard sized patients and broadly defined types of equipment were set up mostly using 

national surveys in most developed  countries.  

Officially it is supposed  that if reference dose levels are exceeded in some diagnostic 

procedures, there should be a local review of the procedures and equipment parameters, with 

the aim to take measures for dose reduction.  

As a pragmatic approach third quartile values were adopted for identification of 25% 

of X-ray departments, for each type of examination obtained from the distribution  of doses to 

a group of standard patients.  

The usefulness and benefit of the DRL implementation into the national legislation is 

without any doubt a very important process of patient dose reduction. As the open question of 

the DRL concept still remains the fact that the observed dose distributions are specific to one 



country or region and equal possibilities to compare the real obtained doses with the 

recommended EC DRL values, actually need establishing of an action plan for national QA 

programme and realisation of above mentioned dose surveys, which may set up DRL 

standards lower that are published, or where circumstances dictate, slightly higher DRL could 

be justified.  In the paper are presented results of patient dose measurements studies realised 

in Slovak republic, in the framework of activities of the Slovak Commission of Quality 

Assurance established by the Slovak Ministry of Health.  

 

Material and Methods 
The information of doses obtained during radiographic practices has been collected 

for: 

§ PA chest examinations in paediatric radiology [2] and chest examinations of adult 

patients using radiophotography and radiography examination 

§ Estimation of absorbed doses to embryo from urography examinations of pregnant  

woman 

§ Assessment of doses to patients submitted during the fluoroscopic gastrointestinal tract 

examinations 

§ Measurement of ESD and AGD on chosen slovak mammography units, involved in 

the national QA/QC audit 

For the realisation of the dose measurement TLD dosemeters LiF 700, Harshaw were 

used, DAP meter  and special phantoms: 

§ Tissue equivalent phantom of the standard adult men (Alderson) 

§ Tissue equivalent phantom of a child (about 1 year old) 

§ Standard mammography phantom RMI 156 

§ Specially prepared phantom simulating the woman in the first trimester of pregnancy 

 

Results 

 In all presented examples are given the minimal and maximal measured values and the 

mean doses. Where possible also the values of third quartil are added. 

Estimation of chest examination doses on childrens was realised at 9 hospitals where 

radiological examinations of children are performed. Recommended reference value of ESD 

for chest examination in PA projection is 100 µGy [3]. Results are shown in the table 1. 

 



Tab. 1  Entrance Surface Dose of of 0-15 year old children for the chest PA/AP 
examination  

 

ESD (µGy) Age 
Cathegory 

 min max median 1st 
quartile mean 3rd 

quartile 

0-15 years 222 788 427 356 427 507 

0-4 years 222 623 508 347 422 483 

5-9 years 226 788 367 359 416 541 

10-15 years 257 754 - 368 444 548 
 

Estimation of the dose - area products during the radiologic examinatons of small 
intestine were performed at 3 radiological departments. The results are given in the table 2. 
The dose reference level (DRL) for small intestine examination is 25 Gycm2 [3, 4].  
 

Tab.2  Summary of the results for small intestine 
 

DAP (Gycm2) 

Type of 
examination 

No. of 
patient min 

1st 
quartile mean median 

3rd 
quartile max 

enteroclysis (C) 14 7,9 18,2 24 21,5 32,4 44,6 

enteroclysis (D) 5 6,4 15,7 22,1 18,1 18,3 52,0 

barium follow-
through 
procedures (C) 

24 2,9 11,2 13,3 12,2 15,2 26,7 

barium follow-
through 
procedures (D) 

25 2,4 5,0 10,1 6,5 9,3 39,5 

C – conventional 
D – digital 

 
The study of the absorbed doses to embryo during IVU examinations was performed 

on 14 radiography units with results which can be seen in the table 3. Recommended 
reference value of ESD for IVU examination is 10 mGy and critical dose to embryo is 50 
mGy during whole time of pregnancy [3, 5]. 
 

Tab.3  Entrance Surface Dose (for 1 exposure) and Absorbed Dose (for 3 exposures) to 
Embryo measured during IVU examinations 

 
 

min 
1st 

quartile mean median 
3rd 

quartile max 

Entrance Surface 
Dose (mGy) 3,5 9,45 15,5 14,1 19,15 36,2 

Absorbed Dose 
to embryo (mGy) 5,1 13,1 19 18,7 23,15 34,4 

 
The chest PA examinations were performed on 14 radiological departments, where 

simultaneously radiography and radiophotography units are working. Results of the study are 



in the table 4. Recommended reference value of ESD for radiography examination of chest in 
PA projection is 0,4 mGy [2, 3]. 

 
Tab. 4  Entrance Surface Dose for the chest PA examination 

 

ESD (mGy) min 
1st 

quartile mean median 
3rd 

quartile max 

radiophotography 3,7 9,9 14,2 15,1 18,7 20,5 

radiography 0,107 0,27 0,546 0,416 0,499 2,498 

 
The national audit of mammography units is realised on 21 mammography 

departments, the entrance surface doses are given in table 5. Recommended reference value of 
ESD for mammography is 7 mGy [3]. 
 

Tab. 5  Entrance Surface Dose for mammographic examinations 
 

ESD (mGy) min 
1st 

quartile mean median 
3rd 

quartile max 

mammography 1,628 4,358 5,790 5,74 6,94 12,76 

 
 
Conclusions 

 
Results of patient dose audits reported in our paper for several types of examinations 

and various technical units have shown the importance of applications  of reference dose 
levels in radiological practice. On the basis of national surveys slightly lower or higher 
standard DRL values could be justified. Continuing revision of DRL values and their 
extension to other types of radiographic and fluoroscopic examinations is needed. 
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