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Abstract. Acute lower respiratory tract infection (ALRI), primarily pneumonia, is the leading cause of 

childhood death in developing countries. The increasing incidence of antimicrobial resistance and the high cost 

of vaccines lead to considering the first strategy to reduce pneumonia deaths the early detection of the disease. 

Case management begins with the clinical examination and may continue with the prescription of a chest x-ray. 

Consequently, the radiograph should meet quality standards, and radiologists and paediatricians must know how 

to interpret the images. Special attention should be paid on patient dose due to children radiosensitivity, high 

frequency and chest x rays rejection rate. This paper is a retrospective study of chest radiographs performed in 

5731 children with clinical diagnosis of ALRI assisted in three Uruguayan hospitals during the three year 

investigation supported by the Division of Vaccines and Immunization of the Pan American Health 

Organization (PAHO) that had the aim of estimating the burden of pneumonia (from 2001 to 2004). It is 

analyzed the prescription of radiographs during the diagnosis and in later controls (2220 children assisted in two 

of the three hospitals). Patient doses are estimated from technical parameters and equipment specifications. The 

investigation also analyzes patient doses that could have been avoided if paediatricians had managed the disease 

according to the established protocols. Results show that 82.4 % of chest x-rays diagnosed pneumonia and that 

some children underwent up to ten radiographs. Significant differences were found in patient dose in the three 

hospitals, concluding that education on image quality on chest radiographs of radiologists, paediatricians and 

radiological technologists is the first and best tool for the earlier diagnosis of pneumonia in children and for the 

application of Radiation Protection (RP) principles in medical exposures.   
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1. Introduction 

ALRI, primarily pneumonia, is the leading cause of childhood death in developing countries. 

According to the World Health Organization (WHO), 4 million children die annually due to this 

disease [1], representing about 20% of all deaths in children younger than 5 years.  

The current strategy to reduce pneumonia deaths is by case management based on appropriate 

protocols or consensus established by paediatric societies, but its success is moderate in geographic 

areas with poor access to basic health care centers. In addition, increasing antimicrobial resistance in 

the pathogens that cause pneumonia, will probably limit its use in the future. Anyway, at the present 

time all protocols begin with the clinical examination of the patient with specific differences 

depending on their age. The strongest predictors of pneumonia in children are fevers higher than 38°C, 

cyanosis, and more than one of the following signs of respiratory distress: tachypnea (the WHO's age-

specific criteria for tachypnea is the most widely used[2]), chest wall indrawing, cough, nasal flaring, 

retractions, rales, and decreased breath sounds [3].  

Many protocols also include chest radiographs despite being universally agreed that at the present time 

there is no strict radiographic definition of pneumonia [1]. There is a spectrum of appearances that are 
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consistent with the clinical and pathological diagnosis of pneumonia instead. On the other hand, some 

paediatric societies establish that indications for chest radiographs are restricted to ambiguous clinical 

findings, prolonged pneumonia, pneumonia that is unresponsive to antibiotic therapy, and the 

possibility of complications such as pleural effusions [4]. These protocols also remark that chest 

radiographs should not be obtained routinely in children with mild, uncomplicated ALRI [4] and that 

lateral view is not essential [5] [6]. 

An alternate approach to reduce pneumonia deaths is through vaccination but due to its cost the 

causing agents must be identified. In order to generate scientific evidence, the Division of Vaccines 

and Immunization of PAHO has been promoting epidemiological surveillance of bacterial pneumonias 

in children in Latin America based on definitions, criteria and recommendations of the Pneumonia 

Vaccine Trial Investigator’s Group of WHO [1]. These protocols include bacteriological studies and 

chest radiographs. Consequently, these surveillances required not only that first level health attention 

physicians, paediatricians and radiologists must know how to interpret the images in order to perform 

the radiographic diagnosis but also that the radiographs must meet quality standards. However, reject 

film analysis studies show that chest radiograph is one of the most frequently repeated exams [7] and 

that when it does not happens, many times image quality is not reached.  

Image quality is achieved if the radiograph shows every important anatomical structures and details 

for the purpose of the diagnosis. It depends on the characteristics of the image system and on the 

adequate use of the various technical parameters of the x-ray system, needless to mention the 

observer´s interpretation. Since they are close related with patient dose, all medical practices with 

ionizing radiation should be preformed ensuring the minimum necessary exposure of patients to 

achieve the required diagnostic objective (Optimization or ALARA RP Principle [8]). Consequently, 

patient dose and image quality should be evaluated together taking into account norms of acceptable 

image quality established by appropriate professional bodies and relevant diagnostic guidance or 

reference levels (GL) for medical exposure [9]. They are a powerful tool for self assessment of 

performance because it enables radiology departments to compare their dose values and image 

information with those from other departments. GL improve the possibility of taking corrective actions 

to optimize practice, constituting an essential stage on Quality Assurance Programmes (QAP). It is 

important to note that GL provide guidance on what is actually achievable in the current practice (state 

of the practice) rather than what should be considered optimum performance (state-of- the- art).  

Paediatric radiology presents two additional challenges. First, a child has longer life expectancy and 

growing tissue has a higher radiosensitivity, and the relative lifetime risk of certain detrimental effects 

after an exposure -during the first ten years of life- is three to four times greater compared with an 

exposure between 30 to 40 years of age and five to seven times greater compared with an exposure 

after the age of 50 years [10]. Due to this, Justification Principle [9], the first step in RP, acquires a 

greater relevance. The efficacy of the physician’s decision is essential to assure the examination will 

result in a net benefit to the patient. Second, paediatric radiology covers the whole age range from 

newborn to 15 years of age, and the anatomical features and body proportions vary during the 

developing process. The smaller body size, the age dependent body composition, the lack of 

cooperation and many functional differences, such as higher heart rate, faster respiration, inability to 

stop breathing, etc., make that paediatric imaging requires specific image quality criteria. In 1996, the 

EU elaborated the Guidelines on quality criteria for diagnostic imaging in paediatric GL for various 

diagnostic examinations and for 5-year-old-children [11], including chest radiograph.     

In Uruguay -3.2 million inhabitants [12] - ALRI is the second cause of mortality in the post neonatal 

period [13]. In 2001, ten years of anti- Haemophilus influenzae type b vaccination has drastically 

controlled pneumonia caused by this agent. Consequently, it was possible to assume that most of the 

remaining bacterial pneumonias cases were due to S. pneumoniae. With the aim of assessing the 

burden of bacterial pneumonia, the country participated in a three year PAHO investigation (PI) from 

June 2001 to May 2004 [14]. The investigation was carried out at the Paediatric Hospital (H1) - a 

public tertiary national reference center- located in Montevideo, which is the capital city, [15] as well 

as in two municipalities situated in the northwest of the country [14], including all children with ALRI 
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for whom a chest radiograph was performed to confirm or refute a clinically suspected case of 

pneumonia.   

Purpose. The main goal of the present paper is to evaluate radiation doses received by children in 

chest radiographs during the PI. Considering that in Uruguay the implementation of QAP in diagnostic 

imaging it is not mandatory yet, secondary goals are to analyze both the prescription of the 

radiographs -Justification Principle- and the possibilities of modifying or correcting those aspects of 

the practice conducive to children dose reduction -Optimization Principle.  

 

2. Material and Method 

As aforementioned, the PI included all the children with ALRI who underwent chest radiographs 

prescribed by their paediatricians, assisted in H1 and in all private and public hospitals of two 

municipalities, from June 2001 to May 2004. On one hand, children assisted in H1 were those who 

always receive medical attention at this reference center, but also those derived from public first level 

health centers as well as from other hospitals from the rest of the country. Consequently, this hospital 

is not representative for epidemiological purposes. During the PI, the average number of consultations 

per year in the Emergency Department (ED) of H1 was 59.812 [16]. On the other hand, one of the 

municipalities covered a population of 116.994 and the other of 125.396 inhabitants respectively; the 

former with 33.562 inhabitants under 15 years of age (28.7 %) and the latter with 38.149 (30, 4 %) 

[12]. A small number of these children were potential patients of the private hospitals - 9.3 % in one of 

the municipality, and 12, 7 % in the other [12]. In addition to this, the majority of the children from 

both municipalities included in the PI (97.1 %) were assisted in two public tertiary hospitals [14] (H2 

and H3). Consequently, and for the purposes of the present paper, it will be considered that in both 

municipalities chest radiographs were carried out in H2 and H3. It is important to point out that all the 

children from these municipalities included in the PI were hospitalized.  

No view boxes surveys were carried out despite WHO protocol [1] specifies that they must have at 

least two white light of 10 W in order to take the digital pictures of the analogue radiographs 

adequately. Digital pictures were taken with Sony Mavica cameras and saved into files to be analyzed 

by a pediatrician and a paediatric radiologist. They, blinded to the patient’s clinical diagnosis, 

interpreted the digital images according to the WHO criteria [1]. These results and children clinical 

relevant data were saved and processed with Epi Info 6.04. Besides, the paediatric radiologist created 

the first and unique digital file of children chest radiographs in the country.  

The three hospitals had paediatricians; H1 also had paediatric residents and medical students coursing 

the last level of the degree. In H1, only a quarter of the staff that performed the radiographs was 

radiological technologist with university degree, while the rest did not have any formal education in 

radiographic techniques. However, in H2 and H3, all were radiological technologists, with one only 

exception in H3. No workshop on chest radiograph image quality was given to paediatricians, 

radiologists, family doctors and radiological technologists.  

2.1. Prescription of chest radiographs 

The information used to analyze prescription of chest radiographs is contained in the digital file 

created by the paediatric radiologist.  

2.2. Patient dose estimation 

The present paper applies two different methodologies for the evaluation of radiation doses received 

by children in chest radiographs performed during the PI. Due to the fact that in 2001 a pilot QAP in 

H1was implemented, in 2002 Entrance Surface Dose (ESD) was determined in order to assess GL for 

various age groups [7]. ESD was obtained from measuring the x-ray output for all kVp used in 

practice, corrected by the tube current-exposure time product (PI,t , mAs), the source to skin distance 

(SSD) and the appropriate backscatter factor. All chest radiographs were performed with a capacitor 
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discharge mobile x ray unit (CGR Supra 125) with a single phase generator and total filtration of 3.2 

mm Al equivalent thickness. All the films were sensible to blue light and the cassettes contained 

intensifying screens compatible with the films.  

However, determination of ESD in both H2 and H3 required a retrospective study. At the present time, 

in both hospitals chest radiographs are performed with the same x ray equipment as that used during 

the PI period: Siemens Vertex U units with high frequency generators and total filtration of 2.5 mm Al 

equivalent thickness, installed in 1993. In H3, chest radiographs of children younger than 11 months 

are also performed with mobile x ray equipment identified as “TX 70”, whose manufacturer is 

unknown, with a single phase generator, total filtration of 2.0 mm Al equivalent thickness, and more 

than 20 years of use. Consequently, ESD could be estimated using EffDose Version 1.02 Software 

(National Board of Health, National Institute of Radiation Hygiene, Denmark) on the basis of kVp, 

total filtration (mm Al), PI,t, single or three phase generator and SSD. If x ray equipments were not 

calibrated, kVp and PI,t values selected by radiological technicians may not correspond with real 

values, and in consequence ESD will be affected with higher uncertainty. As no QAP have been 

implemented at the present time in the three hospitals, estimated ESD may differ from real values. The 

other problem presented was that all public hospitals actually have screen film systems with rare earth 

films sensible to green light, while during the PI investigation the film screen system had films which 

were sensible to blue light. Introduction of the new screen film system required that PI,t values were 

reduced by one half, and consequently ESD in the same proportion. This factor was considered in the 

retrospective estimation of ESD.  

In order to apply EffDose Version 1.02 H1 and H2 radiological technologists were asked to collect the 

following information in a spread sheet for each children: age, sex, weight and height, chest thickness 

measured at the inferior angle of the scapulae, x ray field size measured in the radiograph, kVp, focus 

size, tube current, exposure time and PI,t, focus to film distance (FFD), x ray unit where the radiograph 

was performed, radiological technologists names and their level of education. According to PI data, 

the majority of the children were younger than 59 months (5 years): 76.8 % in H1 [17] and 82.2 % in 

H2 and H3 (31.5 % younger than 11 months and 50.7 % aged between 12 and 59 months) [14]. Due to 

differences in body sizes of children under 5 years, radiological technologists were asked to collect 

information of at least 10 patients (minimum sample recommended to obtain GL) from each of the 

following age groups: 1) younger than 11 months, and 2) between 12 and 59 months.  

Considering that H1 also has the new screen film system, and that since 2005 chest radiographs are 

being performed with a Dinar 360 unit - high frequency generator, total filtration of 2.3 mm Al 

equivalent thickness-, in order to assess the present condition of the practice, the same information 

was requested to be fulfilled in this hospital.  

2.3. Image quality evaluation  

As previously mentioned, patient dose and image quality must be evaluated together. EU image 

quality criteria [11] for paediatric chest x ray (PA or AP projection for no cooperative patients) are 

summarized in Table 1, and those proposed by WHO for pneumonia diagnosis (Benson, Steinhoff, 

1999) used in Lombok, Indonesia, are summarized in Table 2 [1]. Comparison between them shows 

that both include the same anatomical structures, with only one exception. The latter requires that the 

vascular shadows should be seen in the lung periphery, while for the former it is enough the 

reproduction of the vascular pattern in central 2/3 of the lungs. Besides, the latter includes the correct 

and clear identification of patient name or number, being this utterly important data since if it is not 

present or legible the radiograph could be lost or asked to be repeated.  

 

EU quality criteria 1 to 3 (and WHO criteria 2 to 5) depend on patient cooperation and on their 

position. To achieve them, radiological technologists expertise and patient cooperation are essential, as 

well as to have and make use of auxiliary supporting devices (compression bands, sand bags, etc.). 

Low exposition time also contributes to reach EU criteria 1, and WHO criteria 4 and 5. EU criteria 4 

to 7 (WHO criteria 6 to 8) depend on the exposure factors selected by the radiological technologist. To 
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visualize structures with significant differences in atomic number and mass density simultaneously 

such as air, rib cage, retrocardiac structures, it is necessary to get a low differential absorption of these 

elements reducing photoelectric interactions. Then, high kVp should be chosen, reducing Pit in the 

same proportion to maintain the adequate optical density of the image. Fulfillment of these criteria 

depends on x ray unit characteristics and on expertise and education of radiological technologists.  

 

In the survey carried out at H1 in 2002 image quality was evaluated with EU criteria. Since both 

image criteria are similar, the present paper preferred WHO criteria in order to spread them at least in 

the three hospitals that took part in the PI. 

 

Table 1. EU image quality criteria for PA (or AP) chest exams (EU criteria)  

 

1 Performed at peak inspiration and with suspended respiration.  

2 Reproduction of the thorax without rotation and tilting 

3 Reproduction of the whole chest from just above the apices of the lungs to T12/l1 (all the rib 

cage above the diaphragm). 

4 Reproduction of the vascular pattern in central 2/3 of the lungs 

5 Reproduction of  the trachea and the proximal bronchi 

6 Visually sharp reproduction of the diaphragm and costophrenic angles 

7 Visually sharp reproduction of the spine and paraspinal structures and visualization of the 

retrocardiac lung through the heart shadow. 

 

Table 2. WHO image quality criteria for pneumonia diagnosis (Benson, Steinhoff, 1999) 

 

1 Study identification: number and 2.5 cm marker are visible and legible.   

2 Position: The clavicles and ribs are symmetric to each side of the spine  

3 Image boundaries: Image area is confined to the rib cage and includes both costophrenic 

angles.  

4 Inspiration: Dome of the diaphragm is below the 8 th rib  

5 Movement: The heart, diaphragm, vessels and ribs are sharply defined without blurring. 

6  Exposure I: Vascular shadows can be seen in the lung periphery.  

7 Exposure II: Large lower vessels and the thoracic vertebrae are visible through the cardiac 

silhouette.  

8 Contrast: Background outside of patient’s silhouette is black, not grey. Bones and airways 

should be easily distinguished from soft tissues.   

 

3. Results and discussion 

 

 3.1. Prescription of chest radiographs 

 
Paediatric radiologist digital file includes chest exams performed in 5731 children with ALRI cared at 

the three hospitals during the PI (Table 3). Most of these children (3511, representing the 61.3 %) 

underwent the first chest radiograph in H1. The number of children underwent the first chest 

radiograph in H2 was similar to H3: 1106 (19.3 %) and 1114 children (19.4 %), respectively. This 

result is in accordance with the population below 15 years of age who live in these municipalities, 

33.562 and 38.149, respectively. It is important to remember that H1 is a reference hospital but not 

representative for epidemiological purposes.  

 

The majority of children (82.4 %) to whom a first chest radiograph was performed, had pneumonia, 

but significant differences were found in each hospital (Table 3 and Fig.1). Low percentage of 

radiographs with no pneumonia in H1 (74.4%) is probably due to the combination of several factors. 

First, number of consultations per year in the ED of H1 during the PI period (59.812) was significantly 

higher than previous years and it was not always solved by increasing the number of paediatricians 
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due to budget constraints due to in the PI period the country suffered the most serious economic crisis 

of its history. Consequently, paediatricians had less time to examine each child and probably based 

more pneumonia diagnosis on chest radiographs. Third, not all the children examined at the ED of H1 

were hospitalized, differently from children assisted in H2 and H3. Fourth, the ED of H1 also assists 

patients referred from other health centers and hospitals, and many times the patients arrive with 

indications of chest radiographs signed by another physician. Finally, H1 is a university hospital, with 

students and residents who are just learning. Difference found between H2 and H3 (81.6 % and 89.9 

%, respectively) may be caused by variations in the way that paediatricians perform the diagnosis. 

 
Table 3. Children with ALRI submitted to the first chest radiograph in the three hospitals (H1, H2 and 

H3), and number (and percentage) of chest radiographs with pneumonia.    

  

 Children submitted to the 

first chest x ray  (number) 

Chest radiographs with 

pneumonia (number)  

Chest radiographs with 

pneumonia (%)  

H 1  3511 2613 74.4 

H 2  1106 902 81.6 

H 3  1114 1001 89.9 

Total  5731 4720 82.4  

 

Figure 1. Children submitted to the first chest radiograph and children with radiographic diagnosis of 

pneumonia [1 (H1), 2 (H2) and 3 (H3)] 
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Figure 2. Chest radiographs performed in each child assisted in H2 and H3              

                                                                                         

 

 

Paediatric radiologist database also contains information of all follow-up radiographs performed in 

each child assisted in H2 and H3 (2200 children). In H2, 128 children (11.6 %) and 129 in H3 (also 
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11.6 %) were submitted to a second radiograph (Fig. 2). In both hospitals, the maximum number of 

follow- up radiographs performed per child was 10 (one child in each one). However, children 

hospitalized in H3 were submitted to more follow- up chest radiographs than those hospitalized in H3 

(1.3 chest radiograph per child in H2 and 1.7 in H3) (Fig. 3), despite having similar clinical 

complications. 

 

Figure 3. Follow up chest radiographs performed in children hospitalized in H2 and H3.  
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3.2. Patient dose 

 

Table 4. Mean and Third quartile (GL) values of ESD and technical parameters for both age group, at 

the present time   

 

Children aged less than 11 months 

 

 

 kVp P I,t  

(mAs) 

FFD (b) 

( m)  

Thickness  

(10 
-2

 m) 

ESD (c)  

(10 
-3

 Gy) (d) 

Mean (± sd) (a) 56.1±0,6 1.0 1.16 11.1±0,9 0.043±0.002  H1 
n= 8 GL 56 1.0 1.16 11.8 0.063 

Mean(± sd) 68±22  1.5±0.5 1.50 11.8 ± 2,0 0.049±0.002 H2 
n= 10 GL 90 2,0 1.50 14 0,067 

Mean (± sd) 47.5±2,9 1.2 ±0.5 1.00 9.8 ±1,0 0.058±0.03 H3 
n= 10 GL 50 1.2 1.00 10.3 0.066 

Children between 12 and 59 months 

Mean (± sd) (a) 61.7±1,9  1.0 1.46.2 ±10,7 13.3 ± 0,6 0.034±0.0004 H1 
n=17 GL 63 1.0 150 13,8 0,034 

Mean(± sd) 100±7  1.2±0,4 1.65 ±16 14.3 ± 1,0 0.094±0.044 H2 
n= 10 GL 101 1,0 1.80 14,8 0,094 

Mean (± sd) 103±5 0.8 2.00 14.1 ±2,4 0.039±0.004 H3 
n= 10 GL 106 0.8 2.00 15,5 0.041 

 (a) Standard deviation; (b) Focus to film distance; (c) Entrance surface dose; (d) Gy: Gray 

 

Mean and third quartile values (GL) of ESD of relevant technical parameters actually used in the three 

hospitals for both age groups are summarized in Table 4. No significant differences were found in 

chest thicknesses for each age group in the three hospitals. Similar GL were found for children 

younger than 11 months. However, mean SED in H3 is 18.4 % higher than SED in H2, and 39.4 % 

higher than SED in H1. This is probably due to the lower FFD used in H3 (the mobile unit does not 

allow its increment) and the high P I,t selected. For children aged between 12 and 59 months, the first 

result that should be analyzed is high kVp values applied in H2 and H3. The reason is that in both 



  8 

hospitals all chest radiographs of this age group are performed with potter bucky, because devices to 

support only the film cassettes are not available. Despite both hospitals have the same x ray unit, 

higher mean SED and GL were found in H2. This is probably due to the selection of lower SFD and 

higher P I,t than in H3 (radiological technologists responsibility). Considering that there is no QAP, 

two additional elements could also cause these results. First, x ray units may have not been calibrated. 

In that case, as it was explained, real SED would be different. Second, defects in film developing 

process might require higher P I,t in H2 order to reach radiographic optical density and contrast both 

being necessary for diagnostic purposes. However, the way that radiological technologists perform the 

radiographs should draw attention because in H2 and H3 all the staff has university degree on 

radiological techniques, with only one exception. 

 

Table 5. Mean SED and GL (expressed in 10 -3 Gy) for both age groups in the three hospitals during 

the PI period. SED in H1 were determined in 2002, but those in H2 and H3 were estimated.  

 

Age group 1 (a) Age group 2 (b)  

Mean SED GL Mean SED GL 

H1 0.040 0.040 0.061 0.063 

H2 0.098 0.134 0.188 0.188 

H3 0.116 0.132 0.078 0.082 

  (a) Under 11 months;   (b) Between 12 and 59 months 

 

Mean SED and GL for the three hospitals and for both age groups during the PI period are shown in 

Table 5, and mean SED is represented in Fig. 4. As was expected, higher values of mean SED for 

children under 11 months correspond to H3, while for older children higher values correspond to H2. 

Lower values for each age group correspond to H1 where in 2001 was implemented a pilot QAP.  

 

Figure 4. Mean SED for both age groups [(1) under 11 months, and (2) between 12 and 59 months] 

for the three hospitals ( H1: 1, H2: 2, and H3: 3) during the PI.  
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During the PI period EU GL (0.100 ×××× 10-3 Gy) [11] were exceeded in H2 (0.188××××  10-3 Gy). Besides, 

mean SED and GL in H2 and H3 for children younger than 11 months were higher than those 

published for other countries and hospitals. Despite that at the present time, Mean SED and GL do not 

exceed (except in H2) values published for various hospitals and countries [18-19-20], chest 

radiograph performance should be optimized in H2 and H3, as was analyzed above.  

 

3.3. Radiation dose received by each child during the PI  

 
The present paper estimates that in the PI period, 15 % of all the children under 11 months who live in 

the municipality where is located H2, received on average 0.098×××× 10 - 3 Gy, while 5.7 % out of all the 

children between 12 and 59 months, received 0.188××××  10 - 3 Gy. In the other municipality, 13.6 % of 

all the children under 11 months, received, on average, 0.116 ××××  10 
- 3

 Gy, and 5.4 % of all the children 
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of the other age group, receive on average 0.078 ××××  10 
- 3

 Gy. All these percentages increased should 

all the children of both municipalities be considered. Results of this paper are based on the information 

of 2220 children but the PI included 2668 children of both municipalities. Due to this, percentages 

showed above are lower than real ones. Besides, 11.6 % of the children assisted in H2 and H3 were 

sent to 2 radiographs at least (Fig.2). Considering that children assisted in both hospitals who belong 

to the second age group received the highest doses only due to the use of potter bucky- in H2, also 

because of other reasons that were analyzed above- and that there is neither register of repeated 

radiographs in none of the hospitals nor study of follow-up radiographs performed in children assisted 

in H1, special attention should be paid on total radiation dose received by each child during the 

disease. Besides, as developing breast tissue is particularly sensitive to radiation its exposure must be 

limited, as well as thyroid tissue should also be protected whenever possible. The most effective 

method is by using PA projection, rather than the AP, at least in children over 24 months who can 

understand radiological technologist.  

 

3.4. Image quality evaluation 

Results of the research carried out in 2002 in H1 [7] showed that only 41.6% of chest radiographs 

fulfilled all EU quality criteria. Criteria less reached were 2 and 1 (26. 8% and 19.5% respectively). 

The latter, due to the difficulty of taking radiographs in peak inspiration in babies and small children, 

but the former depends on patient positioning and in the adequate use of auxiliary supporting devices, 

absolute responsibility of radiological technologists, H1 they were always available. WHO quality 

criteria survey in H2 and H3 at the present time shows that in children between 12 and 59 months, 5 

out of 10 chest radiographs did not fulfilled criteria 5, in agreement with high values of P I,t that did 

not allow to see vascular shadows in the lung periphery. Besides, 4 out of 10 radiographs did not reach 

criteria 4 (peak inspiration), as is expected in this age group children. However, results were similar 

for children under 11 months. In H3, 4 out of 10 radiographs of these children did not reach criteria 5 

(the heart, diaphragm, vessels and ribs were not sharply defined without blurring), probably due to the 

combination of different factors such as lack of use of auxiliary supporting devices and selection of 

high exposure times.  

It should be remembered that no evaluation of view boxes light was performed during the PI, and that 

the digital pictures may have disguised the real quality of chest radiographs, especially of those 

overexposed, responsible of higher patient dose. Digital pictures do not always show both optical 

density and contrast of the analogue radiograph. This trap should not be overlooked. 

 

4. Conclusions 

 
Despite PI results contributed to decide the systematic vaccination of children younger than 2 with the 

7-valent vaccine that had begun this year, it will not cover the full universe of children. Besides, PI 

demonstrated that almost half of the children included in the survey belonged to families under the line 

of poverty and socioeconomic improvements are difficult to achieve in the short run. Due to these 

facts, unfortunately, our children will continue suffering ALRI and submitted to chest radiographs 

where the technology is available in order to complete pneumonia diagnosis. In these cases the 

ultimate benefit of chest radiographs is beyond discussion, but the present paper has demonstrated that 

their optimization has not been reached yet.   

 

Corrective actions should be taken in order to optimize the practices, reducing patient doses but also as 

it was shown in the results of the present paper, the diagnostic quality of the radiographs will improve 

pneumonia radiographic diagnosis. Despite implementation of QAP is not mandatory in Uruguay, 

these actions do not require money and should begin as soon as possible. 

 

PAHO epidemiological studies applying protocols which include chest radiographs also provide the 

opportunity to start to narrow the gap between the real practice with ionization radiation and what 

these practices should be like. This should not be forgotten during the planning of such research.  
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