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Image Gently – Practical 
Objectives to Optimize  
Pediatric digital Radiography  
in daily Practice
Radiography is the most commonly performed imaging procedure in children 
and is critical for patient care.  While the goals of digital radiography and screen-
film radiography are similar, controlling dose in digital radiography presents 
unique challenges. This article provides five objectives that, when achieved, 
enhance digital radiography practices for pediatric patients.

Radiography is the most common type of examination in 
children [1]. Although digital radiographs can be acquired 
with a relatively low radiation dose in comparison to com-
puted tomography, fluoroscopy, and nuclear medicine stud-
ies, careful consideration to radiographic exposure factors 
is important to reduce overexposure of pediatric patients. 
Pediatric radiation exposure has becoming increasingly rel-
evant given that a child may be expected to undergo more 
than seven imaging studies that use ionizing radiation by 18 
years of age [1]. Specific strategies should be implemented in 
daily practice to manage pediatric radiation exposure. Image 
Gently® has recently developed a “Back-to-Basics” campaign 
that includes online resources (www.imagegently.org) to help 
manage radiation exposure in pediatric digital radiography. 

This article emphasizes the need for attention to the 

basics of radiography by emphasizing practical objectives 
that maybe implemented and monitored in the practice of 
pediatric digital radiography. The purpose of this article is to 
discuss the technology and proper use of digital radiography 
equipment.

BACKGROUND
The Image Gently campaign is an international education, 
awareness and advocacy campaign in radiology designed 
to promote radiation protection for children worldwide [2 
]. The need for radiation protection in the pediatric popu-
lation is great given that children are more sensitive than 
adults to the potential effects of ionizing radiation for most 
cancers. The younger the child, the more potential exists for 
deleterious effects from radiation. While it is unknown what 
effect lower radiation doses from digital radiography have 
in children, the radiology community can act responsibly by 
applying the principle of “As Low As Reasonably Achievable 
(ALARA)” and reduce radiation exposure when performing 
imaging studies in children [3,4]. 

Image Gently’s recent initiative, Back-to-Basics, focuses 
on practical methods to apply the ALARA principle using 
standardized approaches in pediatric digital radiography [5].   
This article will focus on a standardized approach to pediat-
ric digital radiography to achieve ALARA in daily practice. 

OBJECTIVE: UNDERSTAND THE PRINCIPLES AND 
TECHNOLOGy OF DIGITAL RADIOGRAPHy
Digital radiography includes both computed radiography 
(CR) and direct digital radiography (DR) [6].  It has become 
the norm in radiology departments over the past twenty 
years, replacing analog screen-film (SF) systems. The CR sys-
tem is similar to SF radiography in that it uses cassette-based 
image receptors (IR), however, substituting film with an 
imaging plate (IP) coated with photostimulable phosphors 
(PSP). The IP captures the remnant photon energy exiting 
the patient to form a latent image.  The IP is then placed 
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into a laser reader, scanned to release the 
captured energy held by the PSP, which is 
transferred and subsequently displayed on 
a digital workstation within 30-40 seconds.  

DR systems eliminate the separate 
reader, so streamlining the process.  The 
remnant photon energy is stored by x-ray 
sensors embedded in a matrix array which 
also contains thin-film transistors (TFT). 
The TFTs are turned on immediately fol-
lowing the exposure and send informa-
tion directly to the digital quality control 
workstation, for immediate radiographic 
viewing.  Typically, a digital radiograph 
from a DR system is visible within 10 sec-
onds of exposure.  

Digital radiography as a whole has sev-
eral advantages over analog SF radiography. 
Digital radiography possesses a dynamic 
range (range of readability) approximately 
100 times that of SF radiography. The need 
for repeat examinations due to exposure 
error is greatly reduced compared with 
SF radiography. Image processing tools 
also can be used to adjust the radiograph’s 
display settings to more readily visualize 
subtle anatomic characteristics. Addition-
ally, digital radiographs are stored and 
distributed through the Picture Archiving 
and Communication System (PACS), pro-
viding caregivers with immediate system-
wide access to the images [1,3]. 

When digital radiography systems 
are used properly, they have potential 

to decrease radiation exposure settings 
based on their inherent efficiency. The 
measure, detective quantum efficiency 
(DQE), refers to the digital radiography 
IR’s ability to convert remnant photon 
energy into signal that will result in a 
visible digital radiograph.  The perfor-
mance of a digital imaging system can 
be characterized by the detector’s signal-
to-noise ratio (SNR) based on spatial 
frequency and detector materials [6]. A 
higher DQE detector results in a more 
efficient the system.  This allows for dig-
ital radiographs to be produced at lower 
doses for pediatrics.

OBJECTIVE: DETERMINE ExPOSURE 
FACTORS FOR THE PEDIATRIC PATIENT 
BASED ON BODy PART THICKNESS
Digital radiography image receptors pos-
sess varying DQEs.  It is imperative that 
the specific system’s DQE is understood 
because it allows the technologist to 
select the proper exposure factors before 
the exposure.  While technique selection 
is based on the body part to be imaged, 
its thickness, and the patient’s position, 
digital radiography technique charts also 
depend on specific x-ray tube and IR 
combination. Body part thickness is the 
most important determinant of the tech-
nique. Therefore, the body part should 
be measured with calipers to ensure that 
a standardized approach is used. This 
process helps verify that the tube voltage 
(kVp), and tube current–exposure time 
product (mAs) for that specific exami-
nation is appropriately selected for the 
child. The goal is to obtain reproducible, 
consistent images at a managed radiation 
dose for children with body parts of the 
same thickness [1 ].  

Pediatric radiography may require the 
use of manual technique.  The small body 
parts of pediatric patients often do not 
cover the entire selected Automatic Expo-
sure Control (AEC) chamber [4].   With 
improper coverage, error in mAs settings 
may occur. This dictates the use of user-
defined techniques for each anatomical 
part.  Developing appropriate, thickness-
based technique charts reflecting proper 
exposure settings at an acceptable noise 
level is needed for digital radiography.

Ideally, technique charts will be 

established by a team consisting of med-
ical physicists, radiologic technologists, 
radiologists, and equipment manufac-
turers [1]. Each member of the team will 
provide a unique input in establishing an 
appropriate technique chart.  The medi-
cal physicist understands the science of 
image formation and can leverage the 
advantages of a particular system.  The 
technologist is familiar with general 
techniques to use for a particular body 
part and the limitations of a particular 
system.  The radiologist ultimately has to 
interpret the study and is the arbiter of 
image quality.  The manufacturer serves 
as a resource. 

OBJECTIVE: USE RADIOGRAPHIC 
EQUIPMENT APPROPRIATELy
Controlling radiation exposure goes 
beyond adjusting kVp and mAs settings.  
Other important actions include proper 
use of immobilization, collimation, and 
anti-scatter grids.

Lack of appropriate collimation is 
problematic and is becoming increas-
ingly common [7]. The technologist can 
open the collimators on an uncooperative 
child and subsequently electronically crop 
unwanted exposed areas after the expo-
sure [Figure 1] . The patient is exposed 
to a much larger radiation field than is 
necessary. Properly immobilizing a patient 
and collimating before the exposure will 
reduce the volume of tissue exposed and 
decrease the amount of scatter radiation 
generated to improve image quality. 

FigUre 1. Cropping of a digital image after exposure.  
The collimators were wide open when this neonatal 
chest and abdomen.  Before being sent to the radiolo-
gist’s workstation, the image was cropped to exclude 
the extremities.  Lack of collimation results in unnec-
essary radiation to extraneous body parts as well as 
increased scattered radiation.

FigUre 2. Effect of different exposures on appear-
ance of an adult knee phantom.  Top row,  A series of 
exposures at a 75 kVp and increasing mAs shows little 
difference in appearance despite a 50-fold increase in 
exposure.   Bottom image.  Magnification view at 1 mAs 
exposure shows a relatively noisy appearance (high 
quantum mottle).  (Reproduced with permission of the 
Alliance for Radiation Safety in Pediatric Radiology.)  
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The primary purpose of radiographic 
grids is to remove scatter from the image 
to improve the image contrast. A grid, 
however, is not warranted until the mea-
sured part exceeds 10–12 cm of water-
equivalent thickness (e.g. an abdomen and 
not a chest radiograph). It is imperative 
that scatter controlling devices are only 
used when necessary since grids require 
increased exposure factors to obtain an 
adequate image. Inappropriate use of grids 
can unnecessarily double or even triple 
radiation exposure [1].  

OBJECTIVE: UNDERSTAND 
DIGITAL RADIOGRAPH ExPOSURE 
TERMINOLOGy AND ITS SIGNIFICANCE
Digital image processing algorithms 
automatically rescale the radiographs 
grayscale to make it appear appropriate 
regardless of the technique used [8]. This 
makes visual evaluation of the radio-
graphic technique and  patient exposure 
inappropriate [Figure 2] [3]. Underex-
posed images may be recognized by a 
noisy appearance, referred to as quan-
tum mottle, but overexposed images are 
visually pleasing images with low levels 
of noise. The additional radiation used 
to obtain the overexposed image can go 
unnoticed and eventually lead to expo-
sure creep [9].  Without proper evalua-
tion the technologist may be needlessly 
overexposing and potentially harming 
pediatric patients.

All manufactures have developed indica-
tors to determine if the exposure technique 
was appropriate (e.g. Carestream’s EI, Fuji’s 
S Number, and Agfa’s lgM); however, these 
proprietary values and can lead to confu-
sion.  Recently, a new exposure reporting 
standard, the International Electrotechnical 
Commission (IEC) 62494-1, was approved. 
Manufacturers have since agreed to adopt 
this exposure standard.  The IEC standard 
uses three basic terms: Exposure Index (EI), 
Target Exposure Index (EIT), and Devia-
tion Index (DI) to describe the adequacy 
of exposure technique.  

EI is an index of the exposure at the 
detector for the relevant anatomical 
region.  The EIT is the target reference 
exposure obtained when the IR is exposed 
properly. The EIT should be thought of 
as the ideal exposure for the part being 
imaged based on the radiologist’s deter-
mination of acceptable image noise level. 
The EIT can be pre-loaded in the system 
by the manufacturer or may be adjusted 
by the medical physicist for each IR, body 
part, and projection type. 

 The DI compares EI with EIT by the 
formula: 

DI=10×(Log10[EI/ EIT]).  The DI is a 
single number that provides immediate 
feedback to the technologist regarding 
the appropriateness of the selected radio-
graphic technique and make appropriate 
adjustments. [Table 1][8,10]. 

OBJECTIVE: DEVELOP A QUALITy 
ASSURANCE (QA) PROGRAM FOR 
DIGITAL RADIOGRAPHy
One center reported that 43% of pedi-
atric digital radiography studies were 
overexposed [11].  This reflects the need 
for QA programs in digital radiography. 
Recording and monitoring exposure val-
ues and performing repeat-reject analy-
ses can keep pediatric radiation expo-
sure at an acceptable level [9]. Further, 
to aid in efficiently of evaluation, the 
QA processes can be automated using 
the Integrating the Healthcare Enter-
prise Radiation Exposure Monitoring 
program.

Analyzing trends can create an oppor-
tunity to educate the workforce on defi-
cient areas while improving the image 
exposure goals of the department. With 
more experience and education, it may 
be possible for hospitals to collaborate 
and develop diagnostic reference levels to 
manage pediatric radiation exposure from 
radiography procedures [1]. 

CONCLUSION
Digital radiography is fundamentally 
different to that of SF radiography. With 
SF radiography the exposure is directly 
related to the final image, whereas 
with digital radiography this relation-
ship is lost.  It is, however, important 
to incorporate many of the basics of 
SF radiography including measur-
ing patient thickness; using technique 
charts; eliminating grid use when pos-
sible and applying appropriate collima-
tion.  Each radiograph will need to be 

evaluated for exposure accuracy based 
on exposure indicators rather than 
visual appearance of SF radiography.   
By setting accurate techniques, using 
radiographic equipment appropriately, 
and evaluating the image properly, a 
facility will be able to better manage 
radiation exposure associated with 
digital radiography to comply with the 
ALARA principle.
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TaBle 1. Deviation Index and variation from Target 
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