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INTRODUCTION 

In paediatric hospitals and departments radiological examinations are 

critical for the evaluation of diseases of the lung and other internal organs, 

yet there is always the need to perform these tests in the safest way possible. 

Chest radiograms represent the basic radiological examination of thorax and 

are the most frequently performed radiological diagnostic procedure in the 

child population [1,2]. Understanding the risks of low doses of radiation is 

an important aspect in the risk benefit analysis in paediatric populations. To 

provide the best care for the young patients the effects of radiation should be 

minimized thus chest X-rays must be performed by highest standards to 

ensure that the young patient has the lowest risk possible [3,4].  

Since children are the most sensitive to radiation, there is a need for 

follow up of the young populations that receive these X-ray diagnostic 

examinations [1,3]. Follow up would be especially advisable for children 

that are at higher risk of radiation induced damage, for example children 

with a predisposition to DNA damage, or for children that are constantly 

exposed to numerous radiological examinations due to their illness [5-7]. In 

that manner, present study was undertaken to evaluate application of 

different dosimetry systems in conjunction with alkaline comet assay and 

micronucleus test for the assessment of different types of DNA and 

chromosomal alterations in child population exposed to acute diagnostic X-

rays examination. For that purpose doses were measured using 

thermoluminescence (TL) and radiophotoluminescent (RPL) dosimetry 

systems.  
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SUBJECTS AND METHODS 

Eighteen children (12 girls and 6 boys), between the ages of 6 and 14 

years (11.83 ± 2.18) were selected randomly, all with pulmonary diseases. 

None of the assessed children was exposed to ionising radiation or 

antibiotics prior to blood sampling. Diagnostic chest X-rays and clinical 

pathology exams of blood samples were warranted because of the children’s 

health conditions. Blood samples were taken from veins in the antecubital 

fossae prior to, and exactly 30 minutes after X-ray examination. They were 

analyzed immediately after the sampling using the alkaline version of the 

comet assay and micronucleus assay. 

The X-ray examinations of the thorax were carried out in posterior-

anterior (PA) projection on 150 kV Shimadzu CH-200M unit (Tokyo, 

Japan). The conditions of exposure were normal for routine diagnostic 

procedures. The parameters of the irradiation were the following: the 

voltage of the X-ray tube varied in the range 95 kV – 105 kV, the quantity 

of charge 2 mAs – 3.6 mAs, the time of irradiation 5 ms – 11 ms. Two types 

of dosimetry systems were used in this research, RPL glass dosimetry 

system and TL dosimetry system based on LiF:Mg,Cu,P (Table 1). 

Absorbed dose measurements were conducted for posterior-anterior (PA) 

projection on the forehead, thyroid gland, gonads, chest and back. RPL 

dosimeters were not placed on chest and the back to ensure the radiogram 

quality. 

 

Table 1. The evaluation parameters of the investigated detectors 

Dosimeter Radiophotoluminescent 

dosimetry system (RPL) 

Thermoluminescence 

dosimetry system (TL) 

Material silver activated phosphate 

glass 

LiF:Mg,Cu,P 

Origin Japan  China  

Size (mm) 15  15  4.5  0.8 

Preirradiation annealing 

Temperature (
o
C) 

Time (min) 

 

400 

  60 

 

240 

  10 

Preheat 

Temperature (
o
C) 

Time (min) 

 

70 

60 

 

100 

   20 

Readout 

Temperature (
o
C) 

Time (s) 

UV excitation 

 

 

220 

  30 
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To estimate the level of primary DNA damage and chromosomal 

alterations after exposure to low X-rays the comet assay was carried out 

under alkaline conditions
 
[8]. For the micronucleus test lymphocyte cultures 

were incubated according to standard protocol as described by Fenech [9]. 

 

RESULTS  

The X-radiation exposures measured on the back of 18 patients varied 

from 0.13 mSv to 0.29 mSv, whereas X-radiation exposures measured on 

the sternum ranged from 0.01 mSv to 0.04 mSv. Thyroid exposures ranging 

from 0.02 mSv to 0.06 mSv were in good correlation with the back 

exposures and were on average 7 times lower. Exposures of gonads and 

forehead were even lower, ranging from 0 mSv to 0.01 mSv. The exposures 

measured with TL and RPL dosimeters were in agreement within 

measurement uncertainty (differences within 0.03 mSv). The measured 

entrance dose range on 20 patients (0.13 mSv to 0.29 mSv) is in good 

agreement with the literature data [10].  

Mean values of the comet assay and micronucleus test parameters 

before and after X-ray diagnostics are summarized in the Figure 1. It was 

shown that after diagnostic X-rays, the mean percentage of DNA in tail as 

alkaline comet assay parameter and the total number of micronuclei were 

significantly higher (P < 0.05) than prior to diagnostic procedure. 

 
 
 

 
Figure 1. Mean group values for % of DNA in tail and total number of 

micronuclei in blood samples of children with pulmonary diseases before and 

after exposures to X-ray diagnostic examination. 

* Statistically significant vs. before X-ray diagnostics examination (P < 0.05). 
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CONCLUSION 

This study demonstrated that immediately after exposure to diagnostic 

X-irradiation, mean percentage of DNA in tail of the comets, which is 

indirect measures of DNA damage, was significantly changed. The same 

was noticed for mean total number of micronuclei as well. It was shown that 

children with pulmonary diseases subjected to diagnostic procedure develop 

a significant increase in mean total number of each measured parameter 

which are the biomarkers of genetic damage for carcinogenesis, than prior to 

diagnostic procedure and that interindividual differences exist for each 

monitored child. Our results show that genetic damage arises even from 

chest X-ray examinations, considered to be the least harmful of them all, 

taken that the dose may pose as a risk surrogate. The genetic damage 

increases or decreases linearly with radiation dose. Therefore, it must be 

expected that the risk of tumour induction is increased to above the normal 

background even by the smallest doses. Radiation protection should be 

based upon the principles that there should be no risk without a benefit, no 

individual should exceed the prescribed limits, and in every circumstance of 

diagnostic exposure of patients, the ALARA (As Low As Reasonably 

Achievable) principle must be applied. This principle should be followed 

because of the potential harmful effects of radiation and the high number of 

early age individuals exposed annually to the diagnostic radiology. Thus it 

would be useful to conduct more research in paediatric diagnostics to 

minimize the potential damage and maintain the optimal benefit for the 

young patients. 
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