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inTrOduCTiOn
Plain-film radiography is the most common examination in 
radiology, with an estimated 129 million chest radiographs 
performed in the USA in 2006, including both adults 
and children.1 Although in recent years there has been a 
debate regarding the effects of very low doses of radiation,2 
numerous reports have emphasised that even low doses 
can lead to increase in the risk of malignancy.3,4 Diagnostic 
radiological examinations carry a higher cancer risk per 
unit of radiation dose in infants and children compared 
with adults,5 and the average risk is also higher in infants 
and young children compared with older children.6 Some 
authors have estimated that the average number of X-ray 

examinations performed on neonates weighing less than 
720 g at birth in a neonatal intensive care unit is 26 acqui-
sitions per patient.7 Following the International Atomic 
Energy Agency and World Health Organisation 2012 Bonn 
call for action recommendations,8 it is imperative that 
all radiological examinations be justified and optimised 
with regard to radiological protection for each paediatric 
patient. To perform dose optimisation, the use of diagnostic 
reference levels (DRLs) is necessary.9 Local DRLs can easily 
be obtained using automatic dose data management soft-
ware (ADMS), allowing the registration of all individual 
radiation doses received by patients in paediatric diagnostic 
imaging, which the new 2013/59 EURATOM European 
Directive (ED) requires.10 In application of the ED, we used 
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Objective: The new 2013/59 EURATOM Directive 
(ED) demands dosimetric optimisation procedures 
without undue delay. The aim of this study was to opti-
mise paediatric conventional radiology examinations 
applying the ED without compromising the clinical  
diagnosis.
Methods: Automatic dose management software 
(ADMS) was used to analyse 2678 studies of children 
from birth to 5 years of age, obtaining local diagnostic 
reference levels (DRLs) in terms of entrance surface 
air kerma. Given local DRL for infants and chest exam-
inations exceeded the European Commission (EC) 
DRL, an optimisation was performed decreasing the 
kVp and applying the automatic control exposure. To 
assess the image quality, an analysis of high-contrast 
resolution (HCSR), signal-to-noise ratio (SNR) and 
figure of merit (FOM) was performed, as well as a blind 

test based on the generalised estimating equations  
method.
results: For newborns and chest examinations, the local 
DRL exceeded the EC DRL by 113%. After the optimisa-
tion, a reduction of 54% was obtained. No significant 
differences were found in the image quality blind  test. 
A decrease in SNR (−37%) and HCSR (−68%), and an 
increase in FOM (42%), was observed.
Conclusion: ADMS allows the fast calculation of local 
DRLs and the performance of optimisation procedures 
in babies without delay. However, physical and clinical 
analyses of image quality remain to be needed to ensure 
the diagnostic integrity after the optimisation process.
advances in knowledge: ADMS are useful to detect radi-
ation protection problems and to perform optimisation 
procedures in paediatric conventional imaging without 
undue delay, as ED requires.
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an ADMS to obtain local DRLs for the most common examina-
tions performed in a paediatric conventional radiology room 
in our hospital, focusing on infants and newborns. Because the 
local DRLs in some examinations and age ranges exceeded that 
proposed by the European Commission (EC),11 an optimisation 
procedure was performed attempting to avoid compromising 
the diagnostic integrity of the clinical images. To assess possible 
reductions in image quality, both physical and clinical image 
quality tests were performed.

MeThOdS and MaTerialS
Reference state establishment: patient dose and 
physical image quality
The conventional X-ray system used was a Definium™ 8000 
(General Electric Healthcare Systems, Waukesha, WI), installed 
in-room in March 2008. According to the ED, dosimetric and 
demographic data from 2678 abdomen, chest and pelvis studies 
of [0, 5] year  old children, performed in-room in 10 months 
period for 2014, were registered by the ADMS DoseWatch® 
(General Electric Healthcare Systems, Buc, France). For children 
under 1 year of age, data were obtained for three age ranges: (0, 3), 
(3, 6) and (6, 12) months. Children younger than 3 months of age 
were considered newborn, and the other additional age groups 
were selected taking into account the World Health Organisa-
tion Child Growth Standards.12 The entrance surface air kerma 
(Ka,e)13 values estimated by the equipment were verified on a 
polymethylmethacrylate (PMMA) phantom with a Radcal 10 × 
6–60 (http://www. radcal. com) flat ionisation chamber calibrated 
by official calibration laboratories (energy dependence lower 
than 5%), building thicknesses of 4, 8, 12, 16 and 20 cm. The 
slab was placed on the table at 100 cm focus flat-panel distance, 
applying a beam field of 20 × 20 cm2. The protocol used was 
Chest Posteroanterior/Anteroposterior (PA/AP) and automatic 
exposure control (AEC) was applied. The energy dependence of 
the resulting correction factor for a constant thickness of 12 cm 
and beams ranging from 60 to 100 kVp was also evaluated. No 
anti-scatter grid was used in the measurements. After the dosi-
metric verification, local DRLs were obtained for Abdomen (317 
examinations), Chest PA/AP (2213 examinations) and AP Pelvis 
(148 examinations), using the 75th percentile of the population 
data. The local DRLs obtained were compared with the DRLs 
proposed by the EC. The values of the percentiles and their 
uncertainties were obtained through a bootstrap algorithm,14 for 
a confidence interval higher than 95%.

Given that local DRL for children younger than 1 year of age for 
the Chest PA/AP protocol exceeded that proposed by the EC (see 
Results section,  Table 4), a dosimetric optimisation procedure 
was performed. The Chest PA/AP Ka,e-corrected values were 
considered the initial dose reference state. The initial reference 
state of the physical image quality was obtained using the agreed 
protocols of the DIMOND and SENTINEL European programs,15 
and adapted, in our case, to conventional paediatric radiological 
procedures. Therefore, a TOR CDR Leeds phantom (http://www. 
leedstestobjects. com/) was placed in the middle of the PMMA 
thickness during all the measurements (again, building thick-
nesses of 4, 8, 12, 16 and 20 cm), placing the slab on the table at 
a constant 100 cm focus flat-panel distance. This setup provides 

the optimal geometry to simulate real clinical conditions. Three 
acquisitions per slab thickness were performed, applying the 
corresponding radiographic techniques (Table 1); no anti-scatter 
grid was applied. The metrics used were signal-to-noise ratio 
(SNR) and high-contrast resolution (HCSR). A figure of merit 
(FOM), which indicates the necessary dose to obtain a certain 
image quality, was also obtained. These parameters are defined 
as follows:

 
SNR = BG− ROI√

SD2
ROI+SD

2
BG

2
 (1)

 FOM = SNR2
Ka,e

 (2)

 HCSR = SDROI,7th (3) 

Table 1.  Chest PA/AP predefined radiographic techniques 
in manual mode, used in the room before the optimisation 
process. The focus  flat-panel distance was 100 cm and no 
anti-scatter grid was applied

Type of 
paediatric 
patienta

Equivalent PMMA 
patient thickness 

(cm) kVp mAs mA
Small 4 70 1.60 125

8 70 1.60 125

Medium 12 78 2.00 160

Large 16 80 2.00 160

20 80 2.00 160

AP, anteroposterior;PA, posteroanterior, PMMA, 
polymethylmethacrylate.
aSmall and medium paediatric patient protocols were used for 
children under 5 years of age.

Figure 1. TOR CDR image used to obtain the physical image 
metrics for a 4 cm PMMA thickness. ROIs in the first low- 
contrast circle, background (BG) and 7th group bar pattern 
ROI (ROI 7th) are shown. BG, background; PMMA, polymeth-
ylmethacrylate; ROI, region-of-interest.

http://birpublications.org/bjr
http://www.radcal.com
http://www.leedstestobjects.com/
http://www.leedstestobjects.com/
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in which BG is the mean value of the pixels in the region-of-in-
terest (ROI) in the background (Figure 1); ROI is the mean value 
of the pixels in the ROI placed in the first low-contrast circle; 
SDROI and SDBG are the standard deviations (SDs) for ROI and 
BG; Ka,e is the entrance surface air kerma measured with the 
ionisation chamber placed on the PMMA slab; and SDROI,7th is 
the standard deviation of the pixel values of the ROI placed in the 
7th group of the bar pattern.

Action in the room
An analysis of the chest infant examinations was performed. For 
children who cannot stand by themselves (usually younger than 
1 year of age), the Chest PA/AP protocol was applied with the 
patient lying supine on the table in manual mode, using the AP 
projection. The predefined values of kVp and mAs were high, 
corresponding to children but not to infants (Table 1). Also, the 
ADMS showed that the radiographic techniques were typically 
not adjusted by radiographers before acquisition to take into 
account the thickness of the patients. Therefore, in the Chest 
PA/AP protocol for children younger than 5 years of age, the 
AEC was applied, activating the central ion chamber, and the 
predefined kVp was decreased (Table 2). The post-processing of 
the images was also adjusted in agreement with the radiologists 
and the manufacturer’s engineer (varying the width and level of 
the grey window and enhancing the edge detection algorithm), 
so as not to compromise the diagnostic integrity of the clinical 
images.

New reference state establishment and physical 
image quality comparison
From March 20 to September 20, 2015, 1278 chest imaging 
studies of children younger than 5 years of age were performed, 
and local DRLs were obtained for the same age ranges, using the 
75th percentile of the population data. New local DRLs were 
compared with the DRLs proposed by the EC and with the refer-
ence values obtained before the action in the room. Metrics used 
to evaluate image quality were measured again in the AEC mode 
and compared with the results previously obtained.

Clinical image quality analysis
To evaluate possible changes in clinical image quality in the 
chest examinations throughout the optimisation process, three 
full-time paediatric radiologists (R1, R2 and R3, with 35, 10 and 
7 years’ experience, respectively) performed a blind test based 
on the clinical image quality test published in 1996 by the EC,11 
adapted in-home for digital diagnostic images.16–18 80 chest 
images of children younger than 5 years of age were randomly 
selected; thus, there were 40 studies before the action in the 
room and 40 after (10 images for each age range considered). 
These images were anonymised, and the acquisition date infor-
mation was removed. The images were then sent to the Picture 
Archiving and Communication System in three groups with a 
varied order (chosen randomly) so the paediatric radiologists 
could evaluate each group without mutual influence. Only the 
images that met all the following geometric prerequisites were 
evaluated: visualisation of the anterior ending of the first five 

Table 2.  Chest PA/AP radiographic techniques applied in AEC mode, used in the room after the optimisation process. The 
focus flat-panel distance was 100 cm, and no anti-scatter grid was applied

Type of paediatric 
patienta

AEC ion chamber 
applied

Equivalent PMMA 
patient thickness (cm) kVp mAs t (ms)

Small Centre 4 65 0.69 3.29

8 65 1.14 5.54

Medium Centre 12 76 1.24 4.94

Large 2-lateral

16 80 1.88 7.61

20 80 3.61 14.60

 AEC, automatic exposure control; AP, anteroposterior; PA, posteroanterior; PMMA, polymethylmethacrylate.
aSmall and medium paediatric patient protocols were used for children under 5 years of age.

Table 3.  Verification of the patient dose data shown by the X-ray equipment, depending on the PMMA thickness, compared with 
ionisation chamber dose measurements

PMMA 
thinness (cm)

Age range 
equivalent (years) kV mAs Ka,e (µGy) Definium 

8000
Ka,e 

(µGy) Radcal
Δ (Definium 

8000–Radcal) (%)
4 (0,1) 70 0.45 40 24.69 62.01

8 (1,5) 70 0.77 70 49.56 41.24

12 (5,10) 80 0.97 120 93.16 28.81

16 (10,16) 82 1.75 230 198.00 16.16

20 (16,20) 82 3.47 450 434.50 3.57

 PMMA, polymethylmethacrylate.

http://birpublications.org/bjr
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ribs at the diaphragmatic level (inspiration prerequisite); visu-
alisation of the bilateral ending of most ribs (rotation prerequi-
site); and visualisation of both lateral costophrenic angles and 
lung apices (field of view prerequisite). Once accepted, the anal-
ysis of the images was divided into two sections. The first, Image 
Criteria Evaluation, is a true/false (or seen/not seen) test of nine 
anatomic items that should be observed in all the paediatric chest 
digital images: vascular pattern reproduction (in the two central 
thirds), trachea, main bronchi, diaphragmatic contours, costo-
phrenic angles, spine, paraspinal lines, retrocardiac lung and 
mediastinum. Given this is a true/false test, wherein the variable 
has a low probability of being false, a Poisson model was applied 
in the framework of generalised linear models with the gener-
alised estimating equations (GEE) method.19 The model includes 
radiologists and time point (before/after the action in the room) 
as primary effects, as well as their interactions. The second, 
General Evaluation, is a 3-score test (optimum, 2; acceptable, 1; 
and unacceptable, 0) of four general characteristics of the clin-
ical images: contrast, noise, edge visualisation and general diag-
nostic acceptability. Because all the variables had three possible 
numerical values, a multinomial model was applied, again using 
a GEE-based method and including radiologists and time point. 

In all the tests performed, a p-value less than 0.05 was considered 
statistically significant.

reSulTS
Dose reference state establishment
The verification of the dosimetric information provided by the 
equipment is shown in Table 3. For paediatric patients younger 
than 1 year of age, a Ka,e correction factor of 0.62 was obtained. 
For patients between 1 and 5 years of age, the correction factor 
obtained was 0.71. No significant differences were found when 
varying the energies from 60 to 100 kVp (CV less than 2%). 
Table 4 shows local DRLs for Abdomen, Chest PA/AP and AP 
Pelvis compared with the DRLs proposed by the EC. Children 
younger than 3 months of age were considered newborn. From 
3 months to 5 years of age, EC DRLs corresponding to 5 years of 
age were applied.

Optimisation process: patient dose and physical 
image quality comparison
Table 5 shows the new local DRLs for Chest PA/AP examinations, 
obtained after the action in the room. The Ka,e distributions for 

Table 4.  Local DRLs for Abdomen AP/PA, AP Pelvis and Chest PA/AP, in terms of Ka,e, obtained applying ED 2013/59 before the 
optimisation process, and compared with the EC DRLs

Type of examination Age range Number of examinations Ka,e DRL EC (mGy)a Ka,e local DRL (mGy)
Abdomen
AP/PA

(0, 3) months 42 – 0.67 ± 0.02

(3, 6) months 25 1.00 0.67 ± 0.60

(6, 12) months 41 1.00 0.67 ± 0.19

(1, 5) years 209 1.00 0.77 ± 0.01

AP pelvis (0, 3) months 1 0.20 Insufficient data

(3, 6) months 19 0.90 0.38 ± 0.14

(6, 12) months 18 0.90 0.38 ± 0.16

(1, 5) years 110 0.90 0.45 ± 0.01

Chest PA/AP (0, 3) months 122 0.08 0.17 ± 0.02

(3, 6) months 99 0.10 0.16 ± 0.01

(6, 12) months 328 0.10 0.16 ± 0.01

[1, 5) years 1664 0.10 0.049 ± 0.003 0.049 ± 0.003

AP, anteroposterior; DRLs, diagnostic reference levels; EC, European Commission; ED, EURATOM Directive, PA, posteroanterior.
The red-shaded entries highlights values higher than the EC DRLs.
aChildren below 3 months of age were considered newborns. From 3 months to 5 years of age, EC DRLs corresponding to 5 years of age were 
applied.

Table 5. Local DRLs for Chest PA/AP, in terms of Ka,e, obtained after the action in the room, compared with the EC DRLs. The blue-
shaded valueshighlights optimised values

Type of examination Age range Number of examinations Ka,e DRL EC (mGy)a Ka,e Local DRL (mGy) 
Chest PA/AP (0, 3) months 80 0.08 0.08 ± 0.04 

(3, 6) months 66 0.10 0.06 ± 0.04 

(6, 12) months 205 0.10 0.07 ± 0.04 

(1, 5) months  927 0.10 0.06 ± 0.02 

AP, anteroposterior; DRLs, diagnostic reference levels; EC, European Commission; PA, posteroanterior.
aChildren below 3 months of age were considered newborns. From 3 months to 5 years of age, EC DRLs corresponding to 5 years of age were 
applied.

http://birpublications.org/bjr
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children younger than 1 year of age before and after the action 
in the room, compared with the DRLs proposed by the EC, are 
shown in Figure 2. Mean and SD dose values were also obtained 
for comparison purposes (see Discussion section, Table 7). 
Considering the (0, 1) age range, a reduction in dose of approx-
imately 56% was found in the third quartile values, and 54% in 
the average values. Figure 3 shows the HCSR and SNR parame-
ters of the physical image quality depending on the slab thick-
ness, obtained before and after the action in the room. Figure 4 
shows the relationship between physical image quality and dose 
to the patient, obtained in terms of FOM. A coverage factor of 
k = 2 was applied in the uncertainties estimation.

Clinical image quality analysis results
The first clinical image quality test performed, Image Criteria Eval-
uation, showed that only in the visualisation of the costophrenic 
angles were statistically significant differences observed before 
and after the action in the room (contours observed in 98% of 
images before and 91% after, p = 0.045); however, this effect was 
due to the existence of pulmonary diseases in the selected images 
(Figure  5a). The results of the second test performed, General 
Evaluation (Figure 6), were as follows: In the contrast evaluation 
no significant differences were found before and after the action 
in the room, although a different method of evaluating the contrast 
was observed between radiologists (p < 0.001). As with the physical 

image quality test, there was a statistically significant increase in 
noise perception for two radiologists after the action in the room 
(see an example in Figure 5b), although R3 did not find significant 
differences. In the edge visualisation, no significant differences 
were found, although the distribution was pointed towards better 
ratings. As with the contrast evaluation, a different method of eval-
uating the edges was observed between radiologists (p < 0.001). The 
results of the general diagnostic acceptability test depended on the 
radiologists: for R1 and R3 no significant differences were found, 
although poorer general diagnostic acceptability was found for R2 
after the action in the room.

diSCuSSiOn
ADMS is useful to obtain local DRLs because all the dosim-
etric data estimated by the X-ray equipment can be registered; 
however, an ionisation chamber verification of the dosimetric 
information provided by the software is necessary. In Table  3, 
a significant variation in the dose can be observed. Given the 
equipment estimates the Ka,e for a standard patient (equivalent to 
20 cm PMMA), the difference regarding the dose values obtained 
with the ionisation chamber increases as the PMMA thickness 
decreases, yielding variations up to 62% for the thinner patients. 
Therefore, local DRLs must be obtained from dosimetric values 
corrected by an ionisation chamber if these data are estimated by 
X-ray equipment.

Figure 2. Ka,e distributions before (red) and after (blue) the action in the room for the Chest PA/AP examinations in the age ranges 
considered: (a) (0, 3) months of age, (b) (3, 6) months of age, (c) (6, 12) months of age. The red lines represent the EC DRLs. AP, 
anteroposterior; DRLs, diagnostic reference levels; EC, European Commission; PA, posteroanterior.

Figure 3. Physical image quality depending on slab thickness in terms of SNR (a) and HCSR (b), obtained before and after the 
in-room action. HCSR, high-contrast resolution; SNR, signal-to-noise ratio.

http://birpublications.org/bjr
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In this study, the local DRLs obtained through dosimetric-cor-
rected values were lower compared with the DRLs proposed 
by the EC for all the examinations and age ranges considered, 
except in Chest PA/AP protocol for children younger than 1 year 
of age; here, the local DRLs were 60% higher. For the newborn 
babies, the local DRL obtained was 113% higher (Table 4). The 

analysis of the exposure data shown by ADMS revealed that the 
Chest PA/AP protocol was not well-defined for newborn and 
infant patients. The Chest PA/AP “small” protocol (Table  1) 
was designed by the manufacturer to work in manual mode 
with predefined values of kVp and mAs corresponding to (1, 5) 
year-old children, and the ADMS showed this was not usually 
adjusted by the radiographers to take into account the thickness 
of the infant patients. The use of manual mode is usually correct 
for small children because the AEC system performance can be 
inefficient or unsafe.5 The handing of a kVp and mAs constant 
table regarding the child’s weight or age was considerate,20 but 
finally was discarded because in our hospital the use of exposure 
charts could be less safe than the use of the AEC devices. The 
radiographers working in the Paediatric Radiology Department 
have high mobility between modalities (approximately 50% of 
the staff combine their work in paediatrics with adult patients at 
the General Radiology Department), and sometimes they are not 
specially trained in paediatric conventional radiology. Neverthe-
less, care must be taken in selecting the AEC for small children. 
The resulting patient dose and image quality must be evaluated 
to ensure that the acquisition protocol is correctly designed and 
is working properly.

After performing the action in the  room, the new local DRLs 
obtained were similar or lower compared with the DRLs 

Figure 4. Relationship between physical image quality and 
dose to the patient, obtained in terms of FOM before and after 
the in-room action. FOM, figure of merit.

Figure 5. (a) Two images of patients (7-month-old to the left, 3-month-old to the right) obtained after the action in the room 
with no visualisation of the costophrenic angles (score 0) due to pulmonary diseases (red arrows). All the radiologists scored 
these images in the same manner; (b) Two images of patients obtained after the action in the room with the poorest evaluation 
of noise (score 0). The image on the left (3-month-old) was scored with null value by all the radiologists. The image on the right  
(4-month-old) was scored with null value only by radiologist 3.

http://birpublications.org/bjr
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proposed by the EC (Table 5). The reduction in dose obtained 
for children younger than 1 year of age was approximately 56% 
(third quartile values). In terms of the Ka,e distributions, the 
reduction in the patient doses is also clear: 50% of the Ka,e values 
were now below the EC DRLs in all the age ranges considered 
(Figure  2). More outliers were observed before the action in 
the room, perhaps due to unusual changes in the predefined kVp 
and mAs performed by the radiographers in manual mode. In 
terms of statistical dispersion, no effect of the AEC applied after 
the action in the room was clearly observed for children younger 
than 1 year of age: in children (0, 3) months, the dispersion was 
high; however, in children (6, 12) months of age, the dispersion 
was lower. A weight-based boxplot study could represent this 
effect, if there is one.

In terms of physical image quality, a good correlation was observed 
in the exponential fit of both parameters, especially for HCSR 
in manual mode (R2 > 0.98). However, a poorer correlation was 
observed after the action in the  room because the AEC system 
attempts to keep the image quality constant (Figure 3). For a 4 cm 
PMMA thickness, equivalent to neonates, poorer image parameter 
values were found after the action in the room. This was an expected 
result, because after the activation of the AEC, the patient doses 
involved were lower. Otherwise, despite the poorer image quality 
observed, the FOM is higher for a 4 cm PMMA thickness because 
the patient doses involved are much lower. The FOM had shrunk, 
however, from 8 cm PMMA thickness, yielding values near zero. 
This feature could be due to the high noise obtained in large thick-
nesses because no anti-scatter grid was used in the measurements. 

Table 6.  Ka,e of 10 patients for abdomen, pelvis and chest examinations, obtained in application of 97/43 ED, and compared with 
EC DRLs. Age, weight and thickness means are also shown

Type of 
examination

Age 
(years) Weight (kg) Thickness (cm)

Ka,eDRL EC (mGy)

Ka,e(mGy)

Average Median P75

Abdomen AP/PA 10.3 48.9 13.5

1

0.94 0.8 0.85

AP Pelvis 8.3 35.4 9.4

0.9

0.49 0.48 0.5

Chest PA/AP 4.7 15.2 7.2

0.1

0.05 0.05 0.06

AP, anteroposterior; DRLs, diagnostic reference levels; EC, European Commission; PA, posteroanterior.
All the dose values obtained were below the EC DRLs; therefore, no radiation protection issue was detected.

Figure 6. Clinical image quality analysis results corresponding to the general evaluation. Optimum contrast (a), noise (b), well- 
defined edges (c) and optimum general acceptability (d) evaluations are shown before and after the action in the room (Total 
columns), including the evaluation performed by each radiologist separately (R1, R2 and R3). All the p-values are shown.

http://birpublications.org/bjr
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Likewise, as focus flat-panel distance was always constant and the 
PMMA thickness was increasing, the TOR phantom placed in 
the middle of the slab was moving away from the image detector, 
causing a loss of image quality.

In terms of the clinical image quality, the analysis performed 
was able to detect the action in the room, with a higher noise 
perception (same conclusion as the physical image quality test) 
and a possible decrease in the general acceptability of images. 
However, the evaluation of the image criteria, the optimum 
contrast and the visualisation of well-defined edges showed that 
the clinical image quality was not compromised after the action 
in the room. To properly evaluate the diagnostic ability of the 
clinical images, further multireader and multicase receiver oper-
ating characteristic studies might be necessary to account for a 
binary “diseased” or “not diseased” decision.

In compliance with the 2013/59 ED, ADMS allows the rapid 
implementation of optimisation procedures without delay, as 
well as allowing the detection of radiation protection prob-
lems that might otherwise pass unnoticed. Indeed, the routine 
quality control procedure performed to comply with current 
legislation in Spain, the Real Decreto de Calidad en Radio-
diagnóstico 1976/1999 (RD),21 based on the repealed 97/43 
ED22 (the 2013/59 ED must be transposed to national legis-
lation before February 2018), did not detect the radiation 
protection problem in infant and newborn chest acquisitions 
because RD 1976/1999 only requires 10 dose estimations in 
standard patients. This sample can be insufficient, and the use 
of age or weight-based ranges is recommended in paediatric 
conventional imaging instead of using the parameters for 
standard-sized patients.5 In Table 6, Ka,e values for 10 patients 
receiving abdomen, chest and pelvis examinations, obtained in 
application of the 97/43 ED, are compared with the EC DRLs. 
All the dose values were below the EC DRLs.

A comparison between the values obtained in this study with 
others of recent studies is shown in Table 7. The major reduc-
tion in dose is reported by Kostova-Lefterova et al23 using an 
exposure chart for radiographers. The final dose obtained is 
also the lowest, probably due to the low kV and mAs applied in 
manual mode for the entire age range. Although Kostova-Left-
erova et al used screen-film radiography, their parameters are 
similar to that shown in the body exposure chart (part 1) by 
Knight et al. (2013) for DR systems,20 and the optimised-kV 
reported by Martin et al24 for CR systems, shown in the third 
row of Table 7. Although “small” Chest PA/AP is the preferred 
protocol in our room for newborns and infants, very often the 
radiographers use the “medium” protocol in thick patients 
younger than 1 year of age, defined with a tube potential of 
76 kV. This kilovoltage was recommended by GE technical 
support and is in agreement with the literature25,26 and with 
the EC European Guidelines.11 The last row of Table 7 shows 
the tube potential selected by Paulo et al25 to optimise the dose 
in a CR system with the AEC activated, choosing 77 kV for 
children 5–10 kg in weight. Children above 5 kg are common 
up to 1 year of age.12 Moreover, Guo et al have shown in a 
DR system, working in the AEC mode, that imaging at 70 kV Ta

b
le

 7
. 

 C
o

m
p

ar
is

o
n 

b
et

w
ee

n 
th

e 
av

er
ag

e 
d

o
se

 v
al

ue
s 

o
b

ta
in

ed
 in

 t
hi

s 
st

ud
y 

w
it

h 
o

th
er

s 
o

f 
re

ce
nt

 s
tu

d
ie

s.
 T

he
 c

o
rr

es
p

o
nd

in
g

 p
er

ce
nt

ag
e 

o
f 

re
d

uc
ti

o
n 

is
 a

ls
o

 s
ho

w
n.

 T
he

 
st

ud
ie

d
 a

g
e 

g
ro

up
 is

 in
d

ic
at

ed
, a

s 
w

el
l a

s 
th

e 
nu

m
b

er
 o

f 
p

at
ie

nt
s 

in
vo

lv
ed

 a
nd

 t
he

 p
ar

am
et

er
s 

ap
p

lie
d

 in
 t

he
 fi

na
l s

ta
g

e 
o

f 
th

e 
o

p
ti

m
is

at
io

n 
p

ro
ce

ss
. A

 b
ri

ef
 s

um
m

ar
y 

o
f 

th
e 

m
et

ho
d

s 
an

d
 m

at
er

ia
ls

 u
se

d
 a

re
 s

ho
w

n 
in

 t
he

 o
b

se
rv

at
io

ns
 c

o
lu

m
n

A
ut

ho
r 

A
ge

 
gr

ou
p 

(y
ea

rs
) 

n 
Tu

be
 p

ot
en

tia
l 

(k
V

) 
m

A
s ±

 S
D

 
K

a,
e ±

 
SD

 (m
G

y)
 

Re
du

ct
io

n 
in

 
K

a,
e 

(%
) 

O
bs

er
va

tio
ns

 
Th

is 
st

ud
y 

 
0–

1 
 

35
1 

 
65

 (s
m

al
l) 

1.
21

 ±
 0

.5
7  

0.
06

 ±
 0

.0
3 

 
54

  
D

ig
ita

l r
ad

io
gr

ap
hy

; c
en

tr
al

 A
EC

 ch
am

be
r u

se
d;

 A
D

M
S 

us
ed

; a
nt

i-
sc

at
te

rin
g 

gr
id

 n
ot

 u
se

d;
 th

re
e 

pa
ed

ia
tr

ic
 ra

di
ol

og
ist

s p
er

fo
rm

ed
 

bl
in

d 
im

ag
e 

qu
al

ity
 te

st
; p

hy
sic

al
 im

ag
e 

qu
al

ity
 te

st
 p

er
fo

rm
ed

  
76

 (m
ed

iu
m

)

Ko
st

ov
a-

Le
fte

ro
va

 et
 a

l23
 

0–
1 

N
ot

 re
fe

rr
ed

 
(1

09
 p

at
ie

nt
s 

0–
15

 y
) 

65
 

1.
60

 
0.

03
 ±

 0
.0

2 
≈ 

79
 

Sc
re

en
-fi

lm
 ra

di
og

ra
ph

y;
 e

xp
os

ur
e 

ch
ar

t u
se

d;
 q

ue
st

io
nn

ai
re

 u
se

d;
 

an
ti-

sc
at

te
rin

g 
gr

id
 n

ot
 u

se
d;

 o
ne

 p
ae

di
at

ric
 ra

di
ol

og
ist

 p
er

fo
rm

ed
 

im
ag

e 
qu

al
ity

 te
st

 

M
ar

tin
 et

 a
l24

 
0–

1
N

ot
 re

fe
rr

ed
 

65
 

N
ot

 re
fe

rr
ed

 
0.

05
 

18
 

C
om

pu
te

d 
ra

di
og

ra
ph

y;
 e

xp
os

ur
e 

ch
ar

t u
se

d;
 q

ue
st

io
nn

ai
re

 u
se

d;
 

an
ti-

sc
at

te
rin

g 
gr

id
 n

ot
 u

se
d;

 o
ne

 p
ae

di
at

ric
 ra

di
ol

og
ist

 p
er

fo
rm

ed
 

bl
in

d 
im

ag
e 

qu
al

ity
 te

st
 

Pa
ul

o 
et

 a
l25

 
0–

18
 

80
 

70
 (<

 5
 k

g)
 

2.
54

 
0.

08
 ±

 0
.0

5 
63

.6
 

C
om

pu
te

d 
ra

di
og

ra
ph

y;
 ce

nt
ra

l A
EC

 ch
am

be
r u

se
d 

(la
te

ra
l i

n 
pa

tie
nt

s a
bo

ve
 5

 k
g)

; q
ue

st
io

nn
ai

re
 u

se
d;

 a
nt

i-s
ca

tte
rin

g 
gr

id
 u

se
d;

 
th

re
e 

pa
ed

ia
tr

ic
 ra

di
ol

og
ist

s p
er

fo
rm

ed
 b

lin
d 

im
ag

e 
qu

al
ity

 te
st

 
77

 (5
–1

0 
kg

) 

81
 (1

0–
20

 k
g)

 

A
D

M
S

, a
ut

o
m

at
ic

 d
o

se
 d

at
a 

m
an

ag
em

en
t 

so
ft

w
ar

e;
 A

E
C

, a
ut

o
m

at
ic

 e
xp

o
su

re
 c

o
nt

ro
l; 

S
D

, s
ta

nd
ar

d
 d

ev
ia

ti
o

n.

http://birpublications.org/bjr


9 of 10 birpublications.org/bjr Br J Radiol;91:20180022

BJRFull paper: Paediatric radiography optimisation based on 2013/59 EURATOM directive

reFerenCeS

 1. Don S, Goske MJ, John S, Whiting B, 
Willis CE. Image Gently pediatric digital 
radiography summit: executive summary. 
Pediatr Radiol 2011; 41: 562–5. doi: https:// 
doi. org/ 10. 1007/ s00247- 010- 1966-2

 2. Cohen MD. Point: should the ALARA 
concept and image gently campaign be 
terminated? J Am Coll Radiol 2016; 13: 
1195–8. doi: https:// doi. org/ 10. 1016/ j. jacr. 
2016. 04. 023

 3. Voss SD, Reaman GH, Kaste SC, Slovis TL. 
The ALARA concept in pediatric oncology. 
Pediatr Radiol 2009; 39: 1142–6. doi: https:// 
doi. org/ 10. 1007/ s00247- 009- 1404-5

 4. Willis CE, Slovis TL. The ALARA concept 
in pediatric CR and DR: dose reduction in 
pediatric radiographic exams-a white paper 
conference executive summary. Pediatr 
Radiol 2004; 34(Suppl 3): S162–S164. doi: 
https:// doi. org/ 10. 1007/ s00247- 004- 1264-y

 5. ICRP. Radiological protection in paediatric 
diagnostic and interventional radiology. ICRP 
Publication 121. Ann. ICRP 42; 2013.

 6. Preston DL, Ron E, Tokuoka S, Funamoto 
S, Nishi N, Soda M, et al. Solid cancer 
incidence in atomic bomb survivors: 
1958-1998. Radiat Res 2007; 168: 1–64. doi: 
https:// doi. org/ 10. 1667/ RR0763.1

 7. Ono K, Akahane K, Aota T, Hada M, Takano 
Y, Kai M, et al. Neonatal doses from X ray 

examinations by birth weight in a neonatal 
intensive care unit. Radiat Prot Dosimetry 
2003; 103: 155–62. doi: https:// doi. org/ 10. 
1093/ oxfordjournals. rpd. a006127

 8. International Atomic Energy Agency, World 
Health Organization. Bonn 2012 call for 
action. In: “International conference on 
radiation protection in medicine: setting the 
scene for the next decade”. Bonn, Germany; 
2012. https:// rpop. iaea. org/ RPOP/ RPoP/ 
Content/ AdditionalResources/ Bonn_ Call_ 
for_ Action_ Platform/ index. htm.

 9. European Community. Guidance on 
diagnostic reference levels (DRLs) for 
medical exposure. In: Radiation protection 
no: 109. Luxemburg: European Commission. 
Directorate General Enviroment, Nuclear 
Safety and Civil Protection; 1999.

 10. European Union. Directive of 5 December 
2013 (2013/59/Euratom) laying down basic 
safety standards for protection against the 
dangers arising from exposure to ionising 
radiation. In: Official journal of the European 
Union. 2013/59/Euratom; 2014.

 11. Kohn MM, Moores BM, Schibilla H, 
Schneider K, Stender HS, Stieve FE. 
“European guidelines on quality criteria 
for diagnostic radiopgraphcs images in 
paediatrics”. (EUR16261): European 
Commission Directorate-General XII-

Science. Research and Development. Office 
for Official Publications of the European 
Communities; 1996.

 12. WHO Multicentre Growth Reference Study 
Group. WHO child growth standards: length/
height-for-age, weight-for-age, weight-for-
length, weight-for-height and body mass 
index-for-age: Methods and development. 
Geneva: World Health Organization; 2006.

 13. International Commission on  
Radiological Units and Measurements 
Patient dosimetry for x rays used in medical 
imaging ICRU Report 74. J ICRU 2005; 5: 
1–113.

 14. Efron B. Bootstrap methods: another look at 
the jackknife. The Annals of Statistics 1979; 
7: 1–26. doi: https:// doi. org/ 10. 1214/ aos/ 
1176344552

 15. Vano E, Ubeda C, Leyton F, Miranda P. 
Radiation dose and image quality for 
paediatric interventional cardiology. Phys 
Med Biol 2008; 53: 4049–62. doi: https:// doi. 
org/ 10. 1088/ 0031- 9155/ 53/ 15/ 003

 16. Sanchez Jacob R, Vano-Galvan E, Vano 
E, Gomez Ruiz N, Fernandez Soto JM, 
Martinez Barrio D, et al. Optimising the use 
of computed radiography in pediatric chest 
imaging. J Digit Imaging 2009; 22: 104–13. 
doi: https:// doi. org/ 10. 1007/ s10278- 007- 
9071-2

provides a better dose efficiency than the 60 kV protocol for 
newborn patients.27 The clinical image quality is confirmed in 
Paulo et al and in this study, with a blind image quality test 
performed by three paediatric radiologists (in our study the 
clinical image quality was supported by the performing of a 
physical image quality test). However, the other studies suggest 
that final average dose obtained could be reduced by applying 
a chart exposure in manual mode with well-optimised param-
eters. Indeed, recent Monte Carlo simulation studies indicate 
that copper filtration in combination with low-kV settings can 
be useful for reducing patient dose, maintaining image quality 
in neonate chest imaging.28,29 All data used in the studies 
shown in Table 7 were recorded using a questionnaire, which 
can be time consuming and a source of errors. In this study, 
ADMS allowed the fast and secure implementation of the opti-
misation process.

The local DRLs obtained in this study were compared with the 
EC DRLs published in 1996 for screen-film radiography, based 
on age ranges and air surface Kerma. However, new DRLs were 
announced in the “European Workshop on DRLs in Paediatric 
Imaging”, which took place in Lisbon in October 2015;30 these 
DRLs were recently approved by the EC in March, 2016 (Euro-
pean Society of Radiology communication). Taking into account 
the new EC DRLs, another optimisation procedure is necessary 

for abdomen in children aged (1, 5) years because the abdomen 
DRL (0.75 mGy) is slightly lower than the local DRL obtained in 
our survey (0.77 ± 0.01 mGy).

The main limitation of this study is related to the absence of 
weight-based local DRLs because patient weight data were not 
usually available for the ADMS. However, recent surveys in 
paediatric CT examinations suggest that using age groups is real-
istic and pragmatic for the establishment of DRLs, and the accu-
racy of results is ensured for data > 30 patients in a particular age 
group if patient weight is unknown.31

COnCluSiOn
ADMS is useful for meeting the requirements of the new ED, 
allowing the establishment of statistically well-defined local DRLs 
and the performance of dosimetric optimisation procedures in 
paediatric radiology without undue delay. Using this software, 
important radiation protection problems can be detected that 
might otherwise go unnoticed. However, an ionisation chamber 
verification of the dosimetric information provided by the equip-
ment and shown by the software is necessary because significant 
variations in the dose are possible. To ensure that the optimisa-
tion process has not compromised the diagnostic integrity of the 
images, it is advisable to perform at least a physical and clinical 
analysis of the image quality.

http://birpublications.org/bjr
https://doi.org/10.1007/s00247-010-1966-2
https://doi.org/10.1007/s00247-010-1966-2
https://doi.org/10.1016/j.jacr.2016.04.023
https://doi.org/10.1016/j.jacr.2016.04.023
https://doi.org/10.1007/s00247-009-1404-5
https://doi.org/10.1007/s00247-009-1404-5
https://doi.org/10.1007/s00247-004-1264-y
https://doi.org/10.1667/RR0763.1
https://doi.org/10.1093/oxfordjournals.rpd.a006127
https://doi.org/10.1093/oxfordjournals.rpd.a006127
https://rpop.iaea.org/RPOP/RPoP/Content/AdditionalResources/Bonn_Call_for_Action_Platform/index.htm
https://rpop.iaea.org/RPOP/RPoP/Content/AdditionalResources/Bonn_Call_for_Action_Platform/index.htm
https://rpop.iaea.org/RPOP/RPoP/Content/AdditionalResources/Bonn_Call_for_Action_Platform/index.htm
https://doi.org/10.1214/aos/1176344552
https://doi.org/10.1214/aos/1176344552
https://doi.org/10.1088/0031-9155/53/15/003
https://doi.org/10.1088/0031-9155/53/15/003
https://doi.org/10.1007/s10278-007-9071-2
https://doi.org/10.1007/s10278-007-9071-2


10 of 10 birpublications.org/bjr Br J Radiol;91:20180022

BJR  Alejo et al

 17. Hardwick H, G yll C. The chest. In: 
Radiography of children: a guide to good 
practice. London, UK: Elsevier Churchill 
Livingstone; 2004. pp. 30–47.

 18. Vañó E, Guibelalde E, Morillo A, 
Alvarez-Pedrosa CS, Fernández JM. 
Evaluation of the European image quality 
criteria for chest examinations. Br J Radiol 
1995; 68: 1349–55. doi: https:// doi. org/ 10. 
1259/ 0007- 1285- 68- 816- 1349

 19. Hanley JA, Negassa A, Edwardes MD, 
Forrester JE. Statistical analysis of correlated 
data using generalized estimating equations: 
an orientation. Am J Epidemiol 2003; 157: 
364–75. doi: https:// doi. org/ 10. 1093/ aje/ 
kwf215

 20. Knight SP. A paediatric X-ray exposure chart. 
J Med Radiat Sci 2014; 61: 191–201. doi: 
https:// doi. org/ 10. 1002/ jmrs. 56

 21. Ministerio de la Presidencia. Real Decreto 
1976/1999, de 23 de diciembre, por el que 
se establecen los criterios de calidad en 
radiodiagnóstico. BOE no 311 de 29/12/1999; 
1999.

 22. European law and publication. Directive of 
30 June 1997 (97/43/Euratom) on health 
protection of individuals against the dangers 
of ionizing radiation in relation to medical 

exposure. In: Official Journal of the European 
Communities. No L 180, 9.7.97; 1997.

 23. Kostova-Lefterova D, Taseva D, 
Hristova-Popova J, Vassileva J. Optimisation 
of paediatric chest radiography. Radiat Prot 
Dosimetry 2015; 165: –231–4. doi: https:// 
doi. org/ 10. 1093/ rpd/ ncv119

 24. Martin L, Ruddlesden R, Makepeace C, 
Robinson L, Mistry T, Starritt H. Paediatric 
X-ray radiation dose reduction and image 
quality analysis. J Radiol Prot 2013; 33: 
621–33. doi: https:// doi. org/ 10. 1088/ 0952- 
4746/ 33/ 3/ 621

 25. Paulo G, Santos J, Moreira A, Figueiredo F. 
Transition from screen-film to computed 
radiography in a paediatric hospital: the 
missing link towards optimisation. Radiat 
Prot Dosimetry 2011; 147: –164–7. doi: 
https:// doi. org/ 10. 1093/ rpd/ ncr355

 26. Montgomery A, Martin CJ. A study of the 
application of paediatric reference levels. Br 
J Radiol 2000; 73: 1083–90. doi: https:// doi. 
org/ 10. 1259/ bjr. 73. 874. 11271901

 27. Guo H, Liu WY, He XY, Zhou XS, Zeng 
QL, Li BY. Optimizing imaging quality and 
radiation dose by the age-dependent setting 
of tube voltage in pediatric chest digital 
radiography. Korean J Radiol 2013; 14: 

126–31. doi: https:// doi. org/ 10. 3348/ kjr. 2013. 
14. 1. 126

 28. Smans K, Struelens L, Smet M, Bosmans H, 
Vanhavere F. Cu filtration for dose reduction 
in neonatal chest imaging. Radiat Prot 
Dosimetry 2010; 139: –281–6. doi: https:// 
doi. org/ 10. 1093/ rpd/ ncq061

 29. Menser B, Manke D, Mentrup D, Neitzel 
U. A Monte-Carlo simulation framework 
for joint optimization of image quality 
and patient dose in digital paediatric 
radiography. Radiat Prot Dosimetry 2016; 
169: –371–7. doi: https:// doi. org/ 10. 1093/ 
rpd/ ncv483

 30. European Guidelines on DRLs for Pediatric 
Imaging. Final complete draft for PiDRL 
workshop. 2015. Available from: http://
www. eurosafeimaging. org/ wp/ wp- content/ 
uploads/ 2015/ 09/ European- Guidelines- 
on- DRLs- for- Pediatric- Imaging_ FINAL- 
for- workshop_ 30- Sept- 2015. pdf [9-30 
September 2015].

 31. Vassileva J, Rehani M. Patient grouping for 
dose surveys and establishment of diagnostic 
reference levels in paediatric computed 
tomography. Radiat Prot Dosimetry 2015; 
165: –81–5. doi: https:// doi. org/ 10. 1093/ rpd/ 
ncv113

http://birpublications.org/bjr
https://doi.org/10.1259/0007-1285-68-816-1349
https://doi.org/10.1259/0007-1285-68-816-1349
https://doi.org/10.1093/aje/kwf215
https://doi.org/10.1093/aje/kwf215
https://doi.org/10.1002/jmrs.56
https://doi.org/10.1093/rpd/ncv119
https://doi.org/10.1093/rpd/ncv119
https://doi.org/10.1088/0952-4746/33/3/621
https://doi.org/10.1088/0952-4746/33/3/621
https://doi.org/10.1093/rpd/ncr355
https://doi.org/10.1259/bjr.73.874.11271901
https://doi.org/10.1259/bjr.73.874.11271901
https://doi.org/10.3348/kjr.2013.14.1.126
https://doi.org/10.3348/kjr.2013.14.1.126
https://doi.org/10.1093/rpd/ncq061
https://doi.org/10.1093/rpd/ncq061
https://doi.org/10.1093/rpd/ncv483
https://doi.org/10.1093/rpd/ncv483
http://www.eurosafeimaging.org/wp/wp-content/uploads/2015/09/European-Guidelines-on-DRLs-for-Pediatric-Imaging_FINAL-for-workshop_30-Sept-2015.pdf
http://www.eurosafeimaging.org/wp/wp-content/uploads/2015/09/European-Guidelines-on-DRLs-for-Pediatric-Imaging_FINAL-for-workshop_30-Sept-2015.pdf
http://www.eurosafeimaging.org/wp/wp-content/uploads/2015/09/European-Guidelines-on-DRLs-for-Pediatric-Imaging_FINAL-for-workshop_30-Sept-2015.pdf
http://www.eurosafeimaging.org/wp/wp-content/uploads/2015/09/European-Guidelines-on-DRLs-for-Pediatric-Imaging_FINAL-for-workshop_30-Sept-2015.pdf
http://www.eurosafeimaging.org/wp/wp-content/uploads/2015/09/European-Guidelines-on-DRLs-for-Pediatric-Imaging_FINAL-for-workshop_30-Sept-2015.pdf
https://doi.org/10.1093/rpd/ncv113
https://doi.org/10.1093/rpd/ncv113

