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Patient dose assessment during medical exposure in paediatric diagnostic radiology is 

of highest importance in view of the greater radiation hazard to children compared to adults. It 
is conditioned by their higher sensitivity to ionizing radiation and their greater life 
expectancy. The risk of stochastic effects is several times greater for children than for adults. 
The attributive risk to children exposed to ionizing radiation during the first 10 years is 3 to 5 
times greater than the risk to adults exposed between 30 and 40 years of age, and 6 to 7 times 
greater compared to the risk to adults exposed after their 50 year.  

The children dose distribution studies are carried out in order to elaborate national 
diagnostic reference levels. The dose assessment is complicated by the great variation in body 
size and anatomical features of children belonging to different age groups. There is a series of 
difficulties in the definition of image quality criteria and guidelines for good practice due to 
the dynamically changing body proportions and the anatomical features as a result of the 
active growth process from infancy through early childhood to adolescence.  

 
Purpose: to assess the doses during the most common standard diagnostic procedures 

in paediatric radiology in view of the elaboration of diagnostic reference levels. 
 
Materials and methods: 
 
At this stage of the study two paediatric clinics in university hospitals in Sofia have 

been covered. Dose measurements are performed for two standard procedures: chest 
radiography (AP and PA projections) and micturating cistourethrography with retrograde 
application of contrast medium into the urethra. Chest radiography is performed in two 
projections – for infants and little children in supine position (AP projection) and for older 
children in upright position at the vertical stand (PA projection). During micturating 
cistourethrography at least two exposures (respectively measurements) are performed for each 
patient after the injection of the contrast medium. A total of 117 children for chest 
radiography and 64 children for micturating cistourethrography 0 to 17 years of age have been 
studied. The patients are distributed into three age groups: 0 to 5 years, 5 to 10 years and 10 to 
17 years (Table 1). 

Two dosimetric methods have been applied: direct measurement of the Entrance 
Surface Air Kerma (ESAK) with thermoluminescent dosimeters (TLDs) and calculation of 
ESAK from the Kerma-Area Product (KAP). 

KAP was measured by a DIAMENTOR E2 dosemeter (PTW, Freiburg) with a 
parallel-plate ionization chamber. For the direct ESAK measurement LiF thermoluminescent 
dosemeters type TLD100 (Harshaw), calibrated free in air have been used. 
ESAK was calculated from KAP according to the following relation: 
 

BSF
A

KAPESK ⋅= , 

 
where A is the field size in the patient plane, and BSF is the backscatter factor. The 
calculations were performed using a BSF of 1.25 



The effective dose was calculated from KAP and ESAK using the Monte Carlo based 
PCXMC computer code (STUK, Finland). 

 
Results: 
 
Table 1 presents the number of children included and their distribution according to 

the age and the type of examination. The sample is not representative due to the low number 
of measurements but the study is still in progress. Here we present only the preliminary 
results at this point. Table 2 presents the results of the ESAK measurements in chest 
radiography (PA and AP projections). The statistical analysis of the results is also shown – 
minimum, maximum and average dose value with the corresponding standard deviation. 
According to the European guidelines, the reference level is derived from the third quartile of 
the mean dose values from a representative sample of radiographic departments. 

It can be seen from Table 2 that there are some variations between the measurements 
in the different age groups: the difference between the maximum and minimum ESAK value 
is 4 times for the 0 to 5 years group and 3 times for the 5 to 10 years group. There are no 
significant differences between the average ESAK values for the two groups (0 to 5 and 5 to 
10 years). The mean ESAK values are significantly greater for the oldest age group (10 to 17 
years). Our study confirms data presented by other authors in favor of the fact that 
examinations performed in AP projection are related with higher dose than examinations done 
in PA projection. 

Table 3 presents the results and the corresponding statistical analysis of the 
measurements performed for micturating cistourethrography.  The comparison of the dose 
values for the different groups is similar to that for chest radiography: insignificant 
differences between the mean values for the first two groups and significantly higher values 
for the oldest age group. It should be noted that the measured dose values are significantly 
higher for micturating cistourethrography patients – higher than those for chest radiography 
by an order of magnitude. Micturating cistourethrography is therefore a high-dose procedure. 
It is a relatively common examination mainly in early childhood, probably related to 
diagnosing congenital abnormalities of the urogenital system of the infant (see Table 1). 
  

Discussion: 
ICRP does not recommend the application of dose limits for medical exposure but 

directs its attention towards the application of reference dose levels. The concept and purpose 
of the reference levels is the radiation protection optimization during medical exposure. The 
optimization in the application of ionizing radiation in medicine is collaboration between the 
three aspects of diagnostic imaging: diagnostic quality of the radiographic image, patient dose 
and selection of radiographic technique. 

The data on the patient dose distribution in paediatric diagnostic radiology 
accumulated in the European study show that the ESAK values for the most common 
radiographic examinations are similar for infants, 5- and 10-year old children. Our study 
confirms these results. The European committee proposes the dose values for the 5-year old 
group as reference dose levels for all age groups until a representative sample of 
measurements is accumulated. 

At this point there are no conclusively defined European reference dose values for 
paediatric radiology. The EC has left the topic open and expects results from dosimetric 
studies from the remaining European countries. There are published results from dosimetric 
studies performed in Sweden and United Kingdom for a broad range of diagnostic 
radiographic examinations. The next table presents a comparison of the results from this study 
with the results from the UK study in 2000 for the two examinations – chest radiography and 
micturating cistourethrography. Doses in chest radiography are given in terms of entrance 



surface air kerma in µGy, and doses in micturating cistourethrography – in terms of kerma-
area product in mGy.cm2. 

The comparison shows that our sample needs to be enlarged, especially in micturating 
cistourethrography. The study has to include diagnostic imaging departments in other regions 
of the country.  

The analysis of the results from the comparison of the mean dose values from this 
study with the UK reference dose levels shows: 
- good correlation of ESAK measured in chest radiography, with the exception of the 

values for the third age group (10 to 15 years old). In this group the mean dose is 
much higher. Increasing the size of the sample would probably lower this value; 

- the mean KAP values for micturating cistourethrography are much lower than those 
reported in the UK study but the small number of patients included in the present 
study should be taken into account. 
 
Conclusion: 
   
The study is still in progress and will cover also other types of paediatric examinations 

including complex and high-dose diagnostic procedures. These are the first steps in this long 
and complex process whose final goal is the optimization of exposure to children, 
amelioration of image quality and application of good clinical practice. Our observations 
show that the Bulgarian paediatric and radiographic practice need this. 
 
Table1: Patient distribution according to age and type of procedure 
Number of patients  Total 0 - 5 5 - 10 10 - 17 
Chest AP 67 63 4 0 
Chest PA 44 11 18 15 
Micturating cistourethrography 64 52 2 10 
 
 
 
Table 2: Doses in chest radiography (AP and PA projections) and micturating cistourethrography 

0 - 5 5 - 10 10 - 17 
Chest AP ESAK, 

mGy E, mSv ESAK, 
mGy E, mSv ESAK, 

mGy E, mSv 

Minimum 0,04 0,006 0,05 0,006 - - 
Maximum 0,16 0,029 0,14 0,016 - - 
Average 0,07 0,017 0,09 0,010 - - 
Standard deviation, % 33 26 46 50 - - 
3rd quartile 0,08 0,019 0,11 0,013 - - 

     
0 - 5 5 - 10 10 - 17 

Chest PA ESAK, 
mGy E, mSv ESAK, 

mGy E, mSv ESAK, 
mGy E, mSv 

Minimum 0,09 0,012 0,06 0,006 0,09 0,005 
Maximum 0,27 0,024 0,23 0,039 0,40 0,053 
Average 0,12 0,018 0,14 0,023 0,20 0,026 
Standard deviation, % 56 26 34 38 50 60 
3rd quartile 0.10 0,02 0,17 0,027 0,27 0.037 



    

0 - 5 5 - 10 10 - 17 Micturating 
cistourethrography ESAK, 

mGy E, mSv ESAK, 
mGy E, mSv ESAK, 

mGy E, mSv

Minimum 0,36 0,010 0,75 0,129 0,97 0,126 
Maximum 14,91 0,148 0,78 0,138 1,65 0,211 
Average 14,54 0,138 0,03 0,009 0,67 0,085 
Standard deviation, % 1,08 0,099 0,76 0,134 1,27 0,155 
3rd quartile 258 23 3 5 19 20 
Minimum 0,48 0,098 0,76 0,134 1,19 0,148 
Maximum 0,58 0,112 0,77 0,136 1,43 0,151 

 
 
 
Table 3: Comparison of the results from the present study with the UK study in 2000 
 
 

Number of 
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0-1 1-5 5-10 10-15 
 

0-1 1-5 5-10 10-15 
 

Chest radiography 
(ESAK in µGy) 

111 142 65 90 
 

130 170 90 150 - 100 

Micturating 
cistourethrography 
(KAP in mGy.cm2) 

64 2209 150 179 374 842 410 1100 2110 4660 

 
 
References 

 

1.NRPB (2000) Pediatric Reference Doses and Patient Size in Paediatric Radiology – NRPB 
– R 318 (November 2000 ). 
 
2.NBPR (1999) Guidelines on Patient Dose to Promote Optimisation of Protection for 
Diagnostic Medical Exposures – Documents of  the NRPB, Vol 10, N 1. 
 
3. NRPB-14.D.Hart, M.S. Hillier and B.F.Wall. Doses to patients from Medical X-Ray 
Examinations in the UK  - 2000 Review. 
 
4.WHO- Rationale Use of Diagnostic Ymaging in Paediatrics, Technical Report Series 
№757(1987) 
5. Effective Choices for Diagnostic Ymaging in Clinical Practices, Technical Report Series 
№797 (1990). 
 
 


