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Objective – The goal of the study was to evaluate the justification of 
using the anti-scatter grid in chest imaging on a digital x-ray modality. 
Materials and methods – The influence of using an anti-scatter grid 
in chest imaging of children weighing up to 40 kg on image qual-
ity and patient exposure was evaluated. The technical and diagnostic 
quality of images was assessed according to the European guidelines 
»EUR16261EN« and patient exposure was determined by dose area 
product measurement. Additionally, image quality was graded accord-
ing to subjective assessment of the evaluator. Results – The results 
show that imaging without the anti-scatter grid significantly reduces 
patient exposure. The assessment of technical image quality showed 
them to be comparable to even higher grades for images taken without 
the anti-scatter grid, while the diagnostic value significantly improved 
in two weight groups (the group of 10.1 to 20 kg and the group of 
20.1 kg to 40 kg), and a marginally significant improvement was seen 
in one other weight group (the group of 5.1 to 10 kg). Conclusion 
– The results of the study indicate that the use of the anti-scatter grid 
in chest imaging of pediatric patients, weighting up to 40 kg, is not 
justified. The images remain diagnostically adequate even after remov-
al of the anti-scatter grid, while the patient exposure is substantially 
reduced. 

Introduction

Digital radiology has developed rapidly over 
the past decade and largely replaced screen-
film radiography. The benefits of digital 
radiography include improvements in effi-
ciency and image processing, as well as re-
duced frequency of repeated examinations 
(1). According to the ALARA principle, the 
radiation dose should be kept as low as rea-
sonably achievable, while still providing an 
image quality that is adequate for an accurate 
diagnosis (2). The European Commission 
guidelines »European Guidelines on Quality 
Criteria for Diagnostic Radiographic Images 

(EUR16261EN)« established quality crite-
ria for diagnostic radiographic images, spe-
cifically adapted to pediatric radiology (3). 
Achieving such image quality with minimal 
doses requires not only selection of the most 
appropriate X-ray technology, but also op-
timization of the whole imaging procedure 
through the selection of optimal imaging pa-
rameters (4).

One of the parameters that affect the im-
age quality is the use of the anti-scatter grid. 
It lies between the patient and the detector 
and is used to improve contrast by reducing 
the amount of scattered radiation that reach-
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es the detector (5). While the use of a grid 
improves image quality, it also increases the 
patient dose. However, due to the low thick-
ness of the imaged area in infants and young-
er children, the use of the anti-scatter grid is 
often unnecessary in this population (6). 

The aim of this study was to determine 
whether radiographic imaging of the lungs 
without an anti-scatter grid provides ad-
equate diagnostic quality, and to what extent 
imaging without the grid reduces the dose to 
the patients.

Material and methods

The study included 206 children who were 
referred for X-ray imaging of thoracic organs 
as part of their regular treatment at the Uni-
versity Medical Center Ljubljana, Children’s 
Hospital, Radiology Unit: 113 were male and 
93 female. Their ages were between neonatal 
and 15 years, with an average of 3.20 years 
(standard deviation of 3.75 years), the medi-
an was 1.67 years and modus 0.18 years. The 
first quartile was 0.48 years and Q3 was 4.71 
years. It was a highly asymmetrical distribu-
tion to the left, with 76.2% of all patients in 
the first age group (up to 5 years), 17% were 
aged between 5 and 10 years, 5.8% between 
10 and 15 years and two patients (1%) were 
older than 15 years. Since we expected that 
the results may depend on the weight of the 
patients, they were divided into 4 groups: up 
to 5 kg, from 5.1 to 10 kg, from 10.1 to 20 
kg and more than 20 to 40 kg. The numbers 
of patients in each weight group were compa-
rable, with 43 (20.9%) patients in the group 
of up to 5 kg, 51 patients (24.8%) in the 
group of 5.1 to 10 kg, 64 (31.1%) patients in 
the group of 10.1 to 20 kg, and 48 (23.3%) 
patients were between 20.1 kg to 40 kg. The 
results of the statistical analysis showed that 
there were no statistically significant differ-
ences in weight distribution between the 
corresponding sub-groups in any of the four 
weight groups.

The study was conducted in two consecu-
tive steps. In the first, earlier step, the patients 
were imaged using the existing protocol that 
included the use of an anti-scatter grid. In the 
second new step, the protocol was modified 
so as not to include an anti-scatter gird and 
the next batch of patients was imaged using 
the modified protocol. The exposure param-
eters for imaging of the lung that were used 
in each step are summarized in Table 1. An 
automatic exposure control (AEC) was used 
for all patients. We used a (moving) anti-
scatter grid, with grid ratios of 8:1 and line 
numbers 36 (l/cm). The patients from each 
weight group were divided into two sub-
groups according to the protocol used (the 
original protocol with the grid or the modi-
fied protocol without it). Technical and diag-
nostic image quality and dose were compared 
between the patients of both sub-groups in 
each weight group.

The pediatric radiologist evaluated the 
technical quality of the image according to 
“EUR16261EN” criteria, which were evalu-
ated with 11 elements and a final score from 
1 to 3:

1 – Unsatisfactory (very poor image and 
should be repeated, evaluation score 6 or 
less);

2 – Satisfactory (good radiogram, evalua-
tion number 7-8);

3 – Excellent (evaluation number 9-11). 
In the diagnostic part of the evaluation, 

the radiologist combined the technical score 
with 3 additional parameters: image granu-
larity, contrast where vessels cross the ribs, 
and edge sharpness (based on the sharp-
ness of the edge of the vessels in the upper 
lobe). Thus the diagnostic score 1 described 
an image with very poor quality that should 
be repeated, score 2 described optimum ra-
diograms and score 3 “excellent” images, i.e. 
images where an accurate diagnosis could 
be made with lower image quality (3). The 
subjective evaluation score was based on the 
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subjective impression of the radiologist re-
garding the quality of the image in relation 
with its diagnostic value. The scoring ranged 
from 1 to 4: 

1 – The image is too weak to make accu-
rate diagnosis;

2 – The image is low quality, more details 
are desired, but diagnosis can be made; 

3 – Good image, accurate diagnosis;
4 – Excellent image, an accurate diagnosis 

could be made with less detail on the image. 
The study was designed as a single blind 

study, the entire sample being assessed by a 
pediatric radiologist who had no information 
about how individual images had been taken. 
The exposure of patients to ionizing radiation 
was determined by dose area product (DAP), 
measured by a built-in DAP meter  (DIA-
MENTOR® E2 DAP Meter, Single Channel 
Patient Dosemeter, PTW Freiburg GmbH, 
Freiburg, Germany, 2014).

Ethics statement

The study was approved by the Slovenian 
Medical Ethics Committee (No. 80/06/12).

Statistical analysis

For all measured parameters (technical, di-
agnostic and subjective image quality, and 

value DAP) we compared average values for 
the two steps in each group, compared with 
the nonparametric Mann-Whitney U test, 
because the distribution of the values of aver-
ages was not normal. IBM SPSS Statistics 20 
was used and the difference was considered 
significant when p <0.05.

Results

The dependence of DAP on the patient’s 
weight is shown on Fig. 1. The linear depen-
dence of DAP on weight can be observed 
for each step of the study. A clear distinction 
between the patients imaged with and with-
out the grid can be observed, demonstrating 
the dose reduction resulting from the grid 
removal. It can also be seen that the effect 
of removing the anti-scatter grid is limited 
for lighter patients but increases with their 
weight, approaching 50% reduction at 40 kg. 

The results of the DAP measurements and 
image quality evaluation for both sub-groups 
of each weight group are listed in Table 2. 
In group 1 (up to 5 kg) the removal of the 
grid led to a small (about 10%) but still sta-
tistically significant reduction of patient dose 
(DAP value). In this weight group, the re-
moval of the anti-scatter grid did not statisti-
cally significantly decrease the image quality, 
but even statistically significantly increased 

Parameters
Weight groups (kg)

Up to 5 5.1 to 10 10.1 to 20 20.1 to 40

Anode voltage (kV) 102 to109 102 to109 109 to 117 117 to 125

Direction AP AP AP/PA PA

Optical density + 2OD + 2OD 0 0

AEC Yes

Distance 150 cm

Filtration 1 mm Al + 0.1 mm Cu

Class S400

Focus Large (1 mm)

AP=Anterior-posterior; PA=Posterior-anterior; AEC=Automatic exposure control.

Table 1 Exposure parameters for imaging with and without an anti-scatter grid for all four weight groups
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the average grade of subjective assessment. In 
group 2 (5.1 to 10 kg) the DAP value statisti-
cally significantly decreased after the removal 
of the grid, by approximately 40%. The im-
age quality for technical, diagnostic and sub-
jective assessment remained the same or was 

even slightly improved. In group 3 (10.1 to 
20 kg) removal of the grid led to a decrease 
in the average DAP value of approximately 
40%. The results show that the difference in 
the technical, diagnostic and subjective im-
age quality evaluation is statistically signifi-

Fig. 1 Dependence between DAP and weight, by anti-scatter grid use. Group 1=up to 5 kg, Group 2=from 5.1 
to 10 kg, Group 3=from 10.1 to 20 kg, Group 4=20.1 to 40 kg.

Parameters
Weight groups (kg)

up to 5 5.1 to 10 10.1 to 20 20.1 to 40

n 16 27 21 30 34 30 21 27

Grid Yes No Yes No Yes No Yes No

Weight (kg; –χ±SD) 3.56±0.83 3.74±1.0 7.72±1.44 8.03±1.32 13.30±2.39 13.89±2.28 30.97±6,6 28,12±4,98

p* p=0.642 p=0.455 p=0.189 p=0.148

DAP(µGym2; –χ±SD) 0.33±0.11 0.30±0.21 0.75±0.15 0.46±0.07 1.11±0.25 0.67±0.21 2.19±0,64 1.04±0.25

%; p* 10% (p=0.040) 40% (p<10-3) 40% (p<10-3) 50% (p<10-3)

TE (1-3; –χ±SD) 2.55±0.21 2.66±0.18 2.62±012 2.73±0.17 2.51±0,27 2.74±0,14 2.68±0.23 2.81±0,17

%; p* 4% (p=0.131 ) 4% (p=0.011) 8% (p=0.001) 4% (p=0.057)

DE (1-3; –χ±SD) 2.72±0.30 2.80±0.26 2.76±0.23 2.87±0.20 2.52±0.37 2.83±0.22 2.67±0.37 2.93±0.12

%; p* 3% (p=0.376) 3% (p=0.088) 10% (p=0.001) 9% (p=0.003)

SE (1-4; –χ±SD) 2.75±0.68 3.51±0.51 2.95±0.22 3.47±0.51 2.62±0.55 3.40±0.50 2.81±0.40 3.15±0.36

%; p* 19% (p<10-3) 13% (p<10-3) 20% (p<10-3) 8% (p=0.005)

DAP=dose area product; TE=Technical evaluation; DE=Diagnostic evaluation; SE=Subjective evaluation. *p=Difference between 
imaging with and without grid calculated as (score with grid – score without grid)/score with grid).

Table 2 Results of the DAP measurements and image quality assessment for groups up to 5 kg, 5.1 to 10 
kg, 10.1 to 20 kg and 20.1 to 40 kg. The values listed represent the average value ± one standard deviation
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cant. In group 4 (20.1 to 40 kg) the DAP 
value decreased by approximately 50%, again 
a statistically significant difference. The dif-
ference in the technical grades is not statisti-
cally significant, while the differences in the 
grades of diagnostic and subjective assess-
ment are statistically significant.

Discussion

The results of the study show that in all four 
weight groups evaluated patient doses (DAP) 
were significantly reduced by removing the 
grid. The actual dose reduction increased 
with patient weight, and varied from about 
10% in the group of patients up to 5 kg to 
about 50% in group of 20.1 to 40 kg. As the 
weight of the patient affects the value of DAP, 
the results of the grid influence on the pa-
tient dose could be affected by differences in 
patient weight distributions between the two 
sub-groups belonging to each weight group. 
A statistical comparison of the distributions 
of patient weights in each sub-group was thus 
performed to check for this potential source 
of bias. The results of other studies also report 
a reduction in dose after removal of the grid, 
while the level of reduction varies consider-
ably from study to study (7). 

The results of our study show that remov-
ing the grid did not reduce the image quality. 
In fact the image quality not only remained 
diagnostically appropriate, but in some cases 
the quality of the images taken without a grid 
received even better grades than those taken 
with a grid. This statement is contrary to the 
findings of the reviewed literature that report 
a significant decline in image quality after re-
moval of the grid (1, 8-9). This discrepancy 
may be due to the fact that we focused on 
the diagnostic value of the images rather than 
on the physical parameters of image quality, 
such as contrast and signal-to-noise ratio. 
Since the physical parameters of image qual-
ity do not necessarily reflect its diagnostic 
value, it is possible that the decline in image 

quality, in terms of physical parameters, did 
not affect its diagnostic value. Another rel-
evant factor may be the detector technology 
used in the study. As reported previously, the 
improved technical characteristics of modern 
digital detectors may make them less affected 
by the removal of the anti-scatter grid than 
was the case with conventional technologies 
used in older studies (9, 10-11). One of the 
main limitations of this study is that the im-
ages were graded by a single evaluator. There-
fore, further studies would be required to 
validate the reported improvement.

Conclusion

The research demonstrated that the appro-
priate image quality and diagnostic value of 
chest radiogram may be achieved even with-
out an anti-scatter grid. At the same time, 
the removal of the grid leads to a significant 
reduction in the patient’s exposure to ioniz-
ing radiation. Based on the results presented, 
we may conclude that the use of anti-scatter 
grids in chest imaging of pediatric patients 
weighing up to 40 kg is not justified. The 
radiological section has already introduced 
changes to protocols for imaging this group 
of patients, so the anti-scatter grid is no lon-
ger in use.
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