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Abstract - This work presents the results of a survey of entrance surface air kerma values (Ke), image quality 
and radiographic exposure parameters used in pediatric chest examinations performed in Latin America. This 
study is part of the activities of the IAEA Regional Project RLA/9/057 whose objective is to optimize the 
radiological protection of patients in diagnostic and interventional radiology, nuclear medicine and 
radiotherapy. The survey was performed in nine hospitals in Argentina (1), Brazil (4), Chile (1), Costa Rica (1), 
Peru (1) and Ecuador (1). The study group consisted of 462 pediatric patients (Group I- from two days to one 
year, Group II- from four to six years of age) undergoing chest PA/AP examinations. At the time of the 
examination the exposure parameters (kVp, mAs, focal-spot-to-film distance, etc.) and patient information 
(gender, height, weight and age) were recorded. The radiographic image quality was evaluated by the local 
radiologist based on the European Guidelines on Quality Criteria for Diagnostic Radiographic Images in 
Pediatrics. The results showed that the exposure parameters used on newborn patients were in the majority 
outside the 60-65kV range recommended by the European Guidelines for a good radiographic practice. In the 
case of examinations of patients with age between 4 to 6 years, 80% were performed with a peak tube voltage 
within the 60-80 kV range, as recommended by the European Guidelines. It was found that none of countries 
fully comply with the European Guidelines on Quality Criteria and those criteria N0 2 and N0 3 (reproduction of 
the chest without rotation) received the lowest scores. Probably this occurs because there are no proper patient 
immobilization devices. The Ke values, for both patient groups, showed a wide dispersion, ranged from 10µGy 
to 160µGy for the newborn patients and from 20µGy to 240µGy for infant patients. It is possible to conclude 
that, in the participating Latin American countries on this project, the radiographic techniques of pediatric chest 
images and the radiation protection needs to be optimized.  
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1. Introduction  
 
 
X-ray examinations, the most frequent procedure in medicine that uses ionizing radiation, contribute 
for the majority of the human exposure from artificial sources of ionizing radiation [1]. Although these 
procedures are a powerful medical tool, the risk associated with the use of x-rays has always been a 
concern. This concern is heightened for pediatric patients, who have a much greater sensitivity to the 
carcinogenic effects of radiation than adults. In fact, it is assumed that children at ages up to 10 years 
are more radiation sensitive than the average population by a factor three [2]. Therefore, the 
prevention of unnecessary diagnostic radiation exposure is the most important and effective principle 
of radiation protection of the patient, especially for pediatric patients. In general the number of 
pediatric patients within the radiology department is small, so the x-ray equipment are usually not 
dedicated to pediatrics. In consequence the acquisition protocols may not be fully optimized. The 
principle of optimization implies that the radiographic image must have all the necessary information  
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for the diagnosis with the lowest achievable dose. In particular, in the Latin American Region, 
pediatric patient doses have not been well characterized. For this reason, the aim of this study is to 
evaluate the Entrance Surface Air Kerma (Ke) and the image quality for pediatric chest examinations 
in the Latin America region. This study is part of the activities of the IAEA Regional Project 
RLA/9/057 from the period of 2007 to 2008, whose objective is to optimize the radiological protection 
of patients in diagnostic and interventional radiology, nuclear medicine and radiotherapy in the Latin 
America region. 
 
 
2. Methodology 
 
The study was performed in nine hospitals from the following countries: Argentina(AR) (1), Brazil 
(BR)(4), Chile(CH)(1), Costa Rica(CR)(1), Peru (PE)(1) and Ecuador(EC)(1). In Brazil, the four 
institutions are from different regions. The institution Br-A is located in the South region, the 
institutions Br-B and Br-C are from the Southeast region and the institution Br-D is from the 
Northeast region. This survey was restricted to chest PA/AP radiographic examinations of patients 
with 2 days to one year old (Group I) and with 4 to 6 years old (Group II). During the radiographic 
procedures, the exposure parameters (kV, mAs, focal-film distance, etc), as well as the patient 
information (gender, height, weight, thickness and age), were recorded. The data were collected 
during the period of August 2007 to June 2008.  The study group consisted of a total of 462 patients, 
where 255 were newborns and 207 in the range of 4 to 6 years old. The Entrance Surface Air Kerma 
(Ke) was estimated using the following equation: 
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where:  
Yexam is the output of the x-ray tube in mGy.mAs-1, at 1m distance from the focal-spot, for the kVp 
value used in the examination. This value was obtained by the interpolation from the curve of the 
output of the x-ray tube versus the tube voltage. The output was previously measured with a 
calibrated ionization chamber, placed at 100cm from the x-ray focus and at 25 cm from the table top, 
in order to prevent inaccurate readings caused by backscattering. 
Qexam  is the product of the tube current, in mA, and the exposure time, in s, used in the examination.  
FFD is the focal-spot to film distance, in m. 
BSF is the backscatter factor. The value 1.35 was adopted for all patients [3]. 
 
Quality assurance tests were performed in all the x-ray equipments. The tests included kVp and 
exposure time accuracy and reproducibility, half-value layer (HVL) and exposure current-time 
product (mAs) linearity. The image quality was evaluated by the radiologist of each institution, based 
on the European Guidelines on Quality Criteria for Diagnostic Radiographic Images in Pediatrics [4]. 
Tables 1 and 2 present the list with the image Quality Criteria for diagnostic examinations of chest 
PA/AP projection for pediatrics patients.  
 
Table 1-  Quality Criteria for diagnostic images in chest PA/AP projection for newborn patients [4].  
 

Item Image Criteria 
1 Performed at peak of inspiration 
2 Reproduction of the thorax without rotation and tilting 
3 Reproduction of the chest must extend from cervical trachea to T12/L1 
4 Reproduction of vascular pattern in central half of lungs 
5 Visually sharp reproduction of the trachea and proximal bronchi 
6 Visually sharp reproduction of the diaphragm and costo-phrenic angles 
7 Reproduction of the spine and paraspinal structures  
8 Visualization of the retrocardiac lung and the mediastinum 
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Table 2- Quality Criteria for diagnostic images in chest PA/AP projection for pediatrics patients, 
beyond the newborn period [4]. 
 

Item Image Criteria 
1 Performed at peak of inspiration, except for suspected foreign body aspiration 
2 Reproduction of the thorax without rotation and tilting 
3 Reproduction of the chest must extend from cervical trachea to T12/L1 
4 Reproduction of vascular pattern in central 2/3 of the lungs 
5 Visually sharp reproduction of the trachea and proximal bronchi 
6 Visually sharp reproduction of the diaphragm and costo-phrenic angles 
7 Reproduction of the spine and paraspinal structures  
8 Visualization of the retrocardiac lung and the mediastinum 

 
 
 
3. Results 
 

The results of the Quality Assurance tests showed that the accuracy and the reproducibility of the 
kVp were within the acceptable limit of 10% [4]. The same result was obtained for the exposure time 
except for one equipment where the difference between the nominal and measured values differed by 
50%. The exposure parameters used in the institutions studied for the chest examination in projection 
AP/PA are shown in Table 3.   
Figures 1 and 2 show the distribution of the x-ray tube voltage (kV) values used on newborn and 4 to 
6 years old patients, respectively. Each of the box limits, shown in the Box&Wiskers diagram, 
represent the lower quartile (25th percentile) and upper quartile (75th percentile) of kVp 
values. Therefore, the rectangle covers 50% of the kVp values used at each institution. The median is 
displayed as a line across the box.  Whiskers extend from the ends of the box to the minimum and 
maximum values. Outliers are sometimes plotted separately (e.g. points greater than 1.5 interquartile 
range  from the ends of the box may be considered to be outliers and plotted separately). [5] 
 Whiskers are drawn from the upper quartile to the upper adjacent value and from the lower 
quartile to the lower adjacent value. It can be seen from the results that the newborn PA chest 
projection examinations were performed with tube potential values that ranged from 40 to 105 kV, 
with many institutions using kVp values outside the 60-65kV interval that is recommended in CEC 
guidelines [6]. Argentina and Institution A from Brazil use the lower tube voltages (kV) values, while 
Chile uses the highest values. It is interesting to observe that in all the countries, except Argentina, the 
examinations were performed using the anti-scatter grid. The use of anti-scatter grids in newborn 
patients is not in accordance with the European guidelines and is known to have a large influence on 
patient dose [7] 
According to the quality criteria of the European Commission [6]for newborns the focus-film-distance 
(FFD) should be between 80 and 100 cm. It is observed by the results that Argentina, Peru and 
Ecuador use  FFD values higher  than the EC guide. This fact explains the high mAs value used.   
For a five-year-old patient, the European Guidelines suggest a kVp between 60 and 80 kVp. The 
results show that the majority of the examinations were performed with the radiographic voltage 
between 60-80kV, as recommended by the CEC [6]. The institution from Argentina uses a low-kVp 
technique and the institution from Chile uses high-kVp technique, both outside the range 
recommended by the CEC. The results obtained are similar to published results [8,9].  
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Table 3- Average, minimum and maximum values of the exposure parameters used by the institutions 
of Latin America for chest x-ray examination in PA/AP projection for newborn and 4-6 years old 
patients. 
 

Patient Group I 
Newborn 

Patient Group II 
4-6 years old 

Country Tube 
potential 

(kV) 

Current time 
product 
(mAs) 

FFD 
(cm) 

Tube 
potential 

(kV) 

Current  time 
product 
(mAs) 

FFD* 
(cm) 

Argentina (AR) 50.8 
(48-66) 

3,1 
(0.63-3.8) 

125 
(129-152) 

52.2 
(49-70) 

3.5 
(3.2-8) 

140 
(132-180) 

Brazil – BR-A 
 
 
              BR-B 
 
  
              BR-C 
 
 
              BR-D 

46.9 
(40-55) 

 
72.3 

(66-77) 
 

57 
(53,5-63) 

 
69.7 

(56-77) 

1.86 
(1.6-2.5) 

 
1.9 

(1.6-2.5) 
 

1.3 
(1.25-1.6) 

 
2.5 

(1.6-2.5) 

83,6 
(50-110) 

 
111 

(110-115) 
 

118.0 
(110-120) 

 
110.0 

(107-116) 

60 
(40-72) 

 
77.9 

(70-85) 
 

61 
(53-81) 

 
76 

(73-81) 

2.1 
(1.5-6.4) 

 
2.1 

(1.5-6.4) 
 

1.63 
(1.25-1.8) 

 
2.2 

(1.6-3.2) 

153,5 
(95-192) 

 
140 

(110-200) 
 

150.0 
(110-190) 

 
138.0 

(110-180) 
 

Chile (CH) 98.2 
(97-105) 

0.66 
(0.63-1.0) 

116 
(110-129) 

95.0 
(97-101) 

0.66 
(0.63-1.0) 

119.0 
(118-120) 

 
 
Costa Rica (CR) 

56.5 
(50-69) 

3.4 
(3.2-5.0) 

110 
 

81.7 
(57-113) 

3.4 
(3.2-3.7) 

153 
(110-182)) 

 
 
Ecuador (EC) 

78 
(70-85) 

3.7 
(2.5-4.2) 

140.2 
(137-142) 

79.8 
(74-90) 

3.3 
(2.5-5.0) 

166,8 
(150-180) 

 
Peru (PE) 73.2 

(72-90) 
2.2 

(2-2.5) 
200 

 
72.3 

(65-76) 
2.5 

(2.5-2.5) 
150 
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Figure 1- Distribution of the kV values used for chest x-ray examination of newborns patients by the 
institutions evaluated 

 

 
 

Figure2- Distribution of the kV values used for chest x-ray examination of 4 to 6 years old patients by 
the institutions evaluated  
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Figures 3 and 4 present the Entrance Surface Air Kerma (Ke) obtained for the chest radiographic 
examinations of patients from Group I and II, respectively. The data are presented according to 
statistical analysis of Box&Wiskers for the first and third quartiles and the median. The results show a 
wide dispersion on the Ke values for chest examinations for both patient groups. The Ke values 
obtained with the institution Br-B and Br-C are higher than the reference values established in the 
CEC Guidelines for chest examination for newborn patients (80µGy) and for 5 years old patients 
(100µGy) [6].  
 
 
Figure 3- Distribution of the Entrance Surface Air Kerma for newborn chest examinations in AP 
projections. 

 
 

Figure 4- Distribution of the Entrance Surface Air Kerma for chest examinations in AP projections of 
patients with age from 4 to 6 years old. 
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Table 4 shows the result of image quality according to CEC Guidelines for chest AP/PA radiographs. 
The number presented reflects the percentage of criteria attended in each radiographic image. The 
images were performed in Brazil, Costa Rica and Ecuador. It was not possible to evaluate the image 
quality in all the institutions participating of this study due to the low involvement of the radiologists 
working in the radiology department.  

 
 

Table 4-Percentage of the chest examinations that attend the CEC criteria present in the image 
performed for newborn and infant patients. 
 

Country Quality 

Criteria Brazil-B Brazil-C Brazil-D Costa Rica Ecuador 

1 96% 76% 80% 80% 88% 

2 64% 88% 48% 92% 92% 

3 88% 96% 72% 68% 96% 

4 80% 100% 84% 84% 80% 

5 96% 100% 88% 96% 92% 

6 96% 100% 88% 84% 96% 

7 100% 100% 84% 92% 84% 

Group I 

Newborn 

8 100% 100% 84% 92% 92% 

      

1 80% 56% 76% 88% 80% 

2 88% 84% 60% 84% 100% 

3 72% 88% 63% 76% 100% 

4 88% 100% 88% 84% 96% 

5 92% 92% 88% 88% 96% 

6 96% 100% 96% 88% 100% 

7 88% 92% 88% 80% 72% 

Group II 

4-6 years old 

8 100% 88% 84% 80% 96% 

 
The results show that none of the countries fully comply with the European Guidelines on Quality 
Criteria and that the second and third criteria obtained the lower scores. This probably occurs because 
the institutions evaluated do not use patient immobilization devices and because the radiographers do 
not take care to position adequately the patient.  These criteria could be accomplished if adequate 
patient immobilization devices were used.  It is also important to observe that the radiographers do not 
receive a formal training on pediatric radiology. This fact contributes for non attendance of the 
European Guidelines on Quality Criteria. A specialized training in pediatric radiology is 
recommended.  
In order to estimate reference dose values for chest pediatric examinations for the Latin America 
region, Ke values were selected corresponding to the images that fulfilled at least 80% of the CEC 
criteria. Figures 5 and 6 show the histogram of these Ke values obtained, respectively, for Groups I 
(newborn) and II (4-6 years old) for procedures performed in the following countries: Brazil, Chile, 
Costa Rica and Ecuador. The value of the third quartile of the Ke for Group I is 135µGy, and 180µGy 
for Group II. The reference Ke value obtained for newborn patients is 65% higher than the value 
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established by the CEC, which is 80 µGy. As for chest radiographic examinations on infants (4-6 
years) the reference Ke value obtained is 80% higher than the value established by the CEC, which is 
100 µGy. Nevertheless, if the mean Ke values are considered, it is observed that Ke values for the 
procedures on both age groups are in accordance with the reference doses of CEC.  
 
 
Figure 5- Histogram of the Entrance Surface Air Kerma (Ke) corresponding of the chest images of 
newborn patients that attend at least 80% of the CEC quality image criteria guidelines. 
 

 
 
 
 
Figure 6- Histogram of the Entrance Surface Air Kerma (Ke) corresponding of the chest images of 
patients with ages of 4 to 6 years old that fulfilled at least 80% of the CEC quality image criteria 
guidelines.  
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4. Conclusion  
 
This study has demonstrated a large variation of the exposure parameters used in the different 
countries of Latin America, many of which are outside the recommend values of the European Union. 
This survey has also shown that the image quality can be improved with the use of immobilization 
devices, and that the entrance surface air kerma is not fully optimized. The large variation in the 
exposure parameters and in the Entrance Surface Air Kerma indicates that much can be done to reduce 
patient doses and improve the image quality. It is also necessary to review the convenience of using 
(or not) antiscatter grids according to the age of the patient and the type of radiograph to be performed.  
The reference Ke value obtained for chest radiographic examinations for newborn patients and for 
infants (4-6 years) is too higher than the value established by the CEC, indicating that the procedures 
are not optimized. The results obtained are useful in the establishment of a baseline for future dose 
measurements by governmental and non-governmental organizations and to establish Guidelines 
Quality Criteria for Diagnostic Radiographic Images in Pediatrics for Latin American Region.  
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