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Introduction
In pediatric radiographic examinations, radiation dose is of particular concern. Pediatric
patients are relatively more radiosensitive than adult patients (1-4). This is due to the
combination of the higher radiation sensitivity of the developing organs and the longer life
expectancy, giving a longer timeframe for any radiation-induced cancer to be expressed (5-7).
The average effective dose for a chest X-ray on a 5-year-old patient has been quoted as 0.02
milli-Sieverts (mSv), which is equivalent to approximately three days of natural background
radiation (8). Furthermore, a qualitative presentation of cancer incidence risk for a chest X-ray
for patients at 1-year and 5-years of age demonstrates that the risk is negligible (8).
This data is considered a worldwide average and despite this low radiation dose produced for
pediatric chest X-rays, the widespread use of medical radiation is increasing, particularly in
children. Therefore, monitoring of radiation doses to patients is still pertinent to ensure that
doses are maintained at acceptable levels. This can be achieved through the comparison of
local doses to dose reference levels (DRL), which will be discussed in detail in Part C – Quality
Control.
Diagnostic imaging challenges arise from the need for imaging to be conducted by qualified and
/ or experienced personnel in addition to the use of equipment that has been properly installed
and well maintained. Significant challenges are present when providing diagnostic imaging to
children, particularly in developing and remote countries where there is variable access to
diagnostic imaging. For example, in most Sub-Saharan African countries, access to imaging
facilities is severely limited, with a clear majority of imaging services being available in urban
areas. Additionally, radiation protection measures are rarely enforced, spare parts for
breakdowns are often rare or unaffordable, electricity supply can be erratic and image quality
substandard (9).
In the acquisition of radiographs of any body part of any patient, the application of radiation to
the patient must be optimized. Optimization of radiation involves adjusting imaging equipment
parameters and implementing protective measures for patients, staff and visitors to ensure
that the lowest radiation dose is utilized to achieve the desired diagnostic outcome (10).
The recommendations included in these guidelines are components that are deemed pertinent
to achieve high quality pediatric chest radiographs. Additionally, a country’s radiation
protection and safety infrastructure could be strengthened by on-going needs assessment,
practice standard development, policy implementation, training support and system evaluation
(9).
Whilst these guidelines are intended for use across all healthcare facilities, regardless of their
resource limitations, the recommendations are the minimum required to ensure that high
quality images can be achieved for the purposes of epidemiological studies. The aspiration here
is for high quality images, yet images that are considered ‘readable’ can still be acceptable as
the readable image could be critical to patient care and survival in many settings.
It is expected that sites involved in these studies will meet the minimum standards with
respect to the specifications outlined in these guidelines to ensure that the desired images are
achievable. All sites will need to be evaluated to determine their adherence to the
specifications and the level of technical support required to meet the standards. Examples of
support may include on-site assistance of service engineers for equipment maintenance or

upgrade and an electrical evaluation of the site, as well as training of staff, provision of
software and development of local protocols for x-ray techniques.

Objectives
The objective of these guidelines is to establish a resource for researchers, study staff and
collaborating radiology departments, outlining major issues faced in obtaining high quality
pediatric chest X-rays with a focus on remote and under-resourced regions. Experience from
previous studies suggest that early collaboration between radiology departments and research
staff will assist in maximizing the quality of chest radiographs.
These guidelines aim to inform the development of protocols for achieving quality chest X-rays
in studies involving children aged 0-59 months. The clinical setting, project goals and needs of
the researchers will vary between studies, hence the intent of this document is to provide
recommendations flexible to individual circumstances. Each study will need to tailor the
number and detail of protocols or standard operating procedures according to the scope and
complexity of the project.
These guidelines review the major factors contributing to a quality pediatric chest X-ray with
an emphasis on issues that are most important and /or easily adjusted by the research team.
The recommendations are in keeping with accepted radiological principles of justification,
optimization and limitation (10). They have been developed from best practice techniques
according to current literature, in addition to international regulations from the World Health
Organization (WHO), the International Commission for Radiological Protection (ICRP), the
International Atomic Energy Agency (IAEA) and the European Commission. Minimum required
standards are identified to ensure both that facilities with resource limitations can provide
quality chest X-rays for study purposes, and that there is consistency between facilities in
multi-site studies.
These guidelines do not necessarily affect a site’s existing standards and protocols, nor are they
intended for clinical use. However, their use may be beneficial for wider patient care. The
primary application of these guidelines is to optimize chest radiographs as a diagnostic tool in
epidemiological studies.
A summary of the guidelines with recommended requirements, measures of the requirements
and the rationale can be found in appendix 1.

1. Personnel
“Adequate training in radiation safety is a prerequisite for all staff working in the medical
imaging service. Where recognized national standards for radiation safety training exist, these
must be applied by the medical imaging service.” (11)
The significance of adequate training in chest radiography, particularly in children, is
important to ensure that high quality images are acquired under the safest conditions.
Additionally, these images should be obtained with minimal distress to the patient and parents
or carers. This is more likely to be achieved if those either acquiring the images or supervising
those acquiring the images have significant experience (for example, a minimum of 5-years)
and / or a qualification of at least a 6-month certificate in radiography. Whilst this is
recommended, these are not always feasible mandatory options and it is recognized that the
required qualifications vary greatly from country to country. Each facility will therefore need
to consider their own constraints when identifying appropriate staff.
The competencies of facility staff, along with other quality issues can be evaluated using the
sample images that are sent to experienced radiologists and radiographers along with the
assessment survey (Part A). If facility staff have very little experience or understanding of
technical information, researchers should consider budgeting for external advice and technical
assistance.
Those acquiring the images, as well as any other personnel working in the X-ray examination
room on a daily basis are encouraged to wear radiation-monitoring badges, for example
Thermo-luminescent dosimeters (TLD) or Beryllium Oxide Optically Stimulated Luminescence
(OSL) meters. The monitoring badges are recommended to be issued and assessed by an
approved regulatory body every three months, with assessment data feedback given to the site,
as well as any necessary action resulting from the data.

2. Infrastructure
It is desirable that the layout and specifications of the department conform to national or
international regulations, whilst maintaining comfort for the patient. This will ensure that the
radiographic examinations can be conducted in a manner that is safe and efficient, as well as
allow for the full capabilities of the equipment. The following department specifications are the
minimum required for the purposes of these guidelines in keeping with the safe conduct of
chest X-ray examinations on children.
2.1 Climate
Indoor climate control and good ventilation, such as with the use of air conditioners, are
required if indoor temperatures below 15 degrees, above 28 degrees and / or a humidity of
greater than 80% is expected. This will also assist in the protection of the solid-state circuits
used for X-ray production and will ensure that reliable image quality is maintained (11).
2.2 Department rooms
It is expected that a department consist of a minimum of three rooms (12):
• X-ray examination room
• Darkroom for processing (if X-ray film processing is required)
• Viewing room (or office where viewing of images can occur)
2.2.1 X-ray examination room
The requirements of the size of the X-ray examination room need to allow appropriate
access for all patients, including those travelling to the department on a hospital bed.
Additionally, the room size must allow for the required focal-film distance (see section 5.2
technical factors). It is recognized that X-ray equipment will vary between facilities due to
the number of manufacturers on the market. The minimum room size will therefore be
largely dependent on the specifications of the equipment. It is recommended that the full
capabilities of the equipment are assessed prior to study commencement to ensure the
required images can be acquired.
To allow for appropriate movement of an X-ray unit, the floors should be completely level.
The best material to achieve this is leveled concrete, which is covered by wood or polyvinyl
chloride (PVC). (12)
Windows in the examination room are acceptable, but only if they are positioned so that
nobody outside of the room can be exposed to radiation or look in the room. To ensure
appropriate radiation protection to those outside of the examination room, the World
Health Organization generally recommends that the walls need to be constructed of
concrete or solid brick (12). However, room design requirements are generally not
prescriptive, rather the requirement to meet dose limits for radiation workers and facility
visitors are to be kept within international limits, such as those outlined by the
International Commission for Radiological Protection (ICRP) (12). The method to achieve
this requirement is at the discretion of the facility and can be achieved in a number of ways,
such as warning lights, lead shielding or physical restriction to the examination room.
Additionally, chest X-rays on children is considered a low radiation workload, thereby
reducing the need for stringent restrictions on room construction.
Within the examination room, if there are any walls and screens separating the operator
from the X-ray source they should allow for a continual, unobstructed view of the patient
to ensure that the patient is in the correct position at the point of image acquisition. (12)

All examination rooms should have oxygen supply, as well as suction for use with patients
where required. Additionally, to reduce the risk of infection, these rooms should provide
appropriate protective clothing for all staff members, including where relevant, masks,
gloves and gowns (12).
2.2.2 Darkroom
When using film, in order to achieve high quality images the processing of the films are just
as important as the image acquisition. It is therefore imperative that the size and
conditions of the darkroom are appropriate for adequate film processing.
The following darkroom recommendations are based upon those by the World Health
Organization’s quality systems for medical imaging and the consumer guide for the
purchase of X-ray equipment (11, 12):
• Darkrooms should:
o Be entirely lightproof from outside light, including the entry area
o Have an available 60W incandescent white light. Fluorescent light will have
an afterglow and may fog the film
o Have a safelight for film processing conditions with a maximum of 15W and
coloured filter, with the colour depending on the type of film used. This
should also be at least 120cm above the bench-top
o Be properly ventilated, with at least 15 air-changes per hour allowing air to
be drawn in from outside and have an adequate extraction fan that functions
whenever the darkroom is in use
o Allow for adequate space for the processor and consumables, as well as for
achieving the required work. This is 6 square metres, with a minimum
dimension of 2 metres if the darkroom serves one X-ray examination room,
but, 8 square metres if the department employs a darkroom attendant. The
ceiling height should not be less than 3 metres
o Have a sloping floor towards a draining gutter in case of a chemical spill
o Have an air exchange that conforms to local and national standards and
providing fresh air where possible.
2.2.3 Viewing room / office
Adequate working space for administrative and image-viewing duties with a light box or
computer is a minimum of 10 square metres. This space will need to be much larger if it is
also being used for film storage. The entrance to the office should never be through the Xray examination room as this is not safe practice. (12)
2.3 Consumable Storage
Storage of consumable items, such as unexposed film or unused chemicals require a significant
amount of space, as well as appropriate climate control to avoid damage (11). The following
are recommendations on storage of unexposed film, unused chemicals and imaging cassettes:
•
•

Storage should never be in the X-ray examination room as they are easily damaged
in this environment.
Areas of the department, such as the viewing room, office or darkroom are suitable
for storage, provided there is adequate space that will not pose an occupational
tripping hazard

•
•
•

Film boxes must be stored as per the manufacturer instructions, as well as upright
and away from heat, humidity and radiation.
Imaging cassettes should always be stored upright to avoid dust settling on the film.
Once exposed to air, chemicals should be placed in the appropriate section of the
film processor immediately to avoid oxidation.

Chemical handling should be as per the manufacturer guidelines, ensuring that they do not
come into contact with the skin or eyes, and are not inhaled or ingested. In the case of
accidental chemical splash into the eyes, there should be emergency eye wash kits in each
facility. Storage of chemicals should ensure that they are in a well-ventilated room, away from
any film storage. The storage should also include a rotation system to ensure that chemicals do
not reach their expiry date.
2.4 Power supply
The required power supply to an X-ray department largely depends on both the type of
equipment and the number of items of electrical equipment used to efficiently run the
department. As a general requirement, it is expected that where possible, the power supply is
constant and reliable for the X-ray units that it is supplying and have a sufficient back-up
supply (for example, an AC generator). A standard X-ray system needs a symmetrical 3-phase
mains with grounding supply. A multi-peak generator with energy storage in batteries can use
a 230V, 10A ‘household’ wall outlet and still easily handle the required 30kW for chest X-rays.
This is also no problem for a generator with energy storage in a capacitor (see ‘equipment
specifications’ below) (12). If the local mains supply system differs from the permitted mains
supply systems for a specific X-ray system, a transformer for conversion will be needed. It must
be noted here that these values are for adult chest radiographs. The power requirements for
children are that the generator is at least 80kW to allow for shorter exposure times as children
may be unable to keep still or hold their breath for the X-ray.
If the electrical mains supply is suspected to be unstable or often interrupted, it is
recommended that an Uninterruptible Power Supply (UPS) be installed. The UPS is only used
to power the X-ray generator and associated image acquisition equipment and will switch over
to the back-up supply automatically in the event of a power outage.
The mains impedance is the apparent electrical resistance of the power line and must be less
than or equal to the specification of the X-ray generator mains resistance. Despite which X-ray
generator is used, the impedance of the supply mains should be no larger than 3 ohms (Ω).
However, with energy storage in the X-ray generator, the impedance value is not critical (12)
Ordinary lighting, darkroom light, light boxes and film marking equipment will require an
additional 2-3kW in power. Furthermore, an automatic processor needs a separate, very stable
mains supply for 3-4kW. Therefore, for electrical safety, all standard electrical wall outlets in
the departments should follow local regulations and shall be for 230V and 10A, must be
double, grounded and suitably protected (12).

3. Equipment specifications
The equipment used in the acquisition of chest radiographs on children must adhere to a
minimum standard and comply with any national regulations of the country of practice to
ensure a safe, yet high quality image acquisition process.
The following specifications are the minimum required to be able to participate safely and
efficiently in an epidemiological study. It is expected that the persons operating each of these
pieces of equipment have been trained in their daily use and in basic maintenance and that the
main x-ray unit used for acquiring images for the purposes of a study is a stationary unit (12).
3.1 X-ray Equipment
There may be occasions where the X-ray unit or image processor malfunctions and is
unable to be used for a period of time, which may affect the collection of data for the
study. In these circumstances it is expected that for a site to be included in a study,
equipment repair must be able to be carried out within 24-hours of the malfunction. If
this is not possible, an alternative source must be available to be used. For the X-ray
unit, this alternative may be a mobile X-ray unit or back-up X-ray unit.
3.1.1

Generator
Main requirement: A 12-pulse or high frequency multi-phase (also known as a
‘converter’) generator. Modern systems require a 3-phase 80kW generator to
allow for the low exposure times required for pediatric chest X-rays.
Rationale:
• Enables short exposure times, which are required in pediatric imaging to
allow for acquisition during normal respiration and avoid motion artefact.
• Allows for high voltages, which reduces patient skin entrance dose. (13)
Other generator requirements:
• Tube voltage range of 50-120kV with a variation consistency of less than
5% (13)
• Adjustable mAs settings, with a minimum possible value of less than or
equal to 0.5mAs (13)
• Separate display of mA and time, with the shortest exposure time at 1ms.
(13)
• Power output of a stationary or mobile generator should be greater than
or equal to 50kW for appropriate efficiency
• Stationary generator (12)
o Integrated energy source
o Multi-peak inverter technology
o Ability to operate from a ‘household’ mains supply of 230V and
10A, or from a fuel-powered AC generator.
• Mobile generator (12)
o Energy storage, for example a lead / acid battery (not Ni-cad) or
large capacitor
o Multi-peak inverter technology

Note that the power requirements for the X-ray generator is largely dependent
on the type of generator. Different generators will have different power
requirements and the ability to meet these requirements should be confirmed
with the manufacturer upon purchase of equipment or acceptance of donated
equipment.
3.1.2

Stationary X-ray system
The stationary X-ray system is one that is used in a fixed location within a
building. It is an X-ray film based system that uses either analogue, analogue-todigital or digital techniques for image capture and display. The system consists of
modular configurations that can be upgraded by the addition of hardware or
software components or accessories. (14)
To ensure easy and safe acquisition of images, the minimum requirements, based
on the WHO Equipment Specifications (14) are:
• Use a horizontal, angulated or vertical X-ray beam to enable imaging of
the pediatric chest in both the supine and erect position (12)
• Separate control console and generator allowing for a safe distance and /
or shielding from the operator and the patient
• Digital display of mAs, kV and electronic timer on the console
• A kV range of at least 50kV to 120kV, digitally displayed
• A mA range of at least 25mA to 600mA, digitally displayed
• An exposure time of at least 1ms
• X-ray tube power rating of at least 50kW
• X-ray tube with a rotating anode and nominal focal spot size less than
1mm (most modern systems come with focal spot sizes of 0.6mm and
1.2mm)
• Any anti-scatter grids within the image receptor holder must be able to
be removed or the units must have image receptor holders to enable
image receptors to be placed in front of the grids
• Heat storage capacity of the anode at least 300 kilo-heat units (kHU)
• Visual and audible exposure indicators on the console
• Emergency stop controls in the event of equipment malfunction
• Adjustable multi-leaf collimators for field size alteration that are
rotatable 90-degrees in both directions with a working patient centering
light or light beam diaphragm (LBD)
• Concealed cables on the patient table
• Source-to-image distance range of at least 90cm-125cm
• Fully counterbalanced X-ray tube head for safe and easy movement
• The X-ray tube must be able to rotated independently of the image
receptor and its holders
• Dose-area-product (DAP) meter installed where possible to measure and
display the DAP dose and optionally, the DAP rate and dose rate
If the X-ray system is a digital system, the following specifications apply (14):
• Minimum Joint Photographics Expert Group (JPEG) compatible image
storage and transfer
• Alphanumeric annotations of images

•
•
•

3.1.3

Image display to be contrast and brightness adjustable, with a diagonal
screen size of at least 18 inches
The images to be displayed immediately after exposure
The system to be capable of storing at least 3000 images with capacity for
removable storage

Mobile X-ray system

The mobile X-ray system is one that is used in a variety of locations within a building. It
is an assembly of devices that comprise either analogue, analogue-to-digital or digital
techniques for image capture and display. The system can operate by battery and be
driven or pushed by an operator to various locations. (14)
If a mobile X-ray unit is to be used as a temporary replacement in the event of a
stationary X-ray system malfunction, the minimum requirements, based on the WHO
Equipment Specifications (14) are:
• Use a horizontal, angulated or vertical X-ray beam to enable imaging of the
pediatric chest in both the supine and erect position (12)
• A kV range of at least 50kV to 120kV, digitally displayed
• A mA range of at least 0.5mAs to 200mAs, digitally displayed
• An exposure time range of least 1ms to 5s
• X-ray tube rating of at least 50kW
• X-ray tube with a rotating anode and nominal focal spot size less than 1mm
• Heat storage capacity of the anode of at least 300kHU
• Adjustable multi-leaf collimators, rotatable 90-degrees in both directions with a
working patient centering light or light beam diaphragm (LBD)
• A working ‘low-battery’ indicator
• Exposures made by remote control, with the switch on a cord at least 3 metres
long
• X-ray tube stand fully counterbalanced for rotation in all directions
• An articulated arm for imaging patients in any position
• Concealed cables in the arm system
• An image receptor storage facility
• Motor battery of the sealed lead-acid type, which can be recharged by the main
unit power connection
• A fitted, resettable overcurrent breaker on both live and neutral supply lines
• A voltage corrector / stabilizer allowing operation at ±30% of the local related
voltage
• Capability of being stored continuously in an ambient temperature of 0-40
degrees and relative humidity of 15-90%, and operating continuously in ambient
temperature of 10-30 degrees and relative humidity of 15-90%

3.2 Image Processors
The WHO Manual of Diagnostic Imaging states that image processing is as important as
image acquisition to obtain the best image quality (15). In the processing of images, the
preference is for sites to employ a computed radiography (CR) or digital radiography
(DR) system, due to the overall cost savings, archiving abilities and post processing
manipulation of images. However, the implementation of these systems can be difficult,
particularly in remote areas with respect to the high initial cost and ongoing technical
support. Consequently, the minimum processing requirements outlined in these
guidelines is for the use of automatic film (i.e. analogue) processors, whether they are
darkroom processors or daylight processors.
Manual darkroom processing is an old technique that requires more precision and
attention from darkroom technicians, particularly in suboptimal conditions, such as
high room temperature and poor ventilation (15). Image quality is also much more
variable and it is highly recommended that studies do not use this technique. The
minimum requirements in these guidelines therefore are for manual darkroom
processing not to be included.
The following specifications are taken from the WHO Equipment Specifications (14) to
ensure that the processing of images is maintained at optimum levels:
3.2.1

Darkroom Automatic Processor
The darkroom automatic processor is a device in which X-ray film must be
manually removed from a cassette and loaded into the processor in a darkroom
setting. The processor then automatically transports the film through the
developing, fixing, washing and drying stages along a series of rollers. It also
alerts the user to the current process stage, time to completion and remaining
amount of reagents (14).
The minimum specifications for the darkroom automatic processor, based on the
WHO Equipment Specifications (14) are:
• Allowing for at least 100 films of maximum size to be processed per hour
• Automatic film transfer and control processes
• Volume of the stored developer, fixer and washer to be at least 4 litres
each
• Allowance of silver reclamation from the chemicals used
• Displays and alerts for chemical temperature and amounts remaining
• Sufficient drain capacity for continuous operation at maximum load
• Automatic film detection device
• Standby mode when not in use
• The total weight of processor with chemicals in-situ should be not greater
than 250kg
• Regulated drier temperature
• Adjustable water consumption
• Capable of being stored continuously in an ambient temperature of 0-40
degrees Celsius and relative humidity of 15-90%, and operating
continuously in an ambient temperature of 10-40 degrees Celsius and
relative humidity of 15-90%
• Mounted either on a table-top or with a floor-mounted stand

•

•
•
3.2.2

A connection to both a hot and cold external running water supply with
the precise water requirements as per manufacturer recommendations
and water shut-off valves supplied. Water consumption not to be greater
than 5 litres per minute and passed through a filter to eliminate any
impurities
Resettable circuit breakers in both live and neutral supply lines for
electrical protection
Power mains supply of 3-4kW

Daylight Automatic Processor
The daylight automatic processor works just as a darkroom automatic processor,
however will automatically unload X-ray film from cassettes directly into the
automatic film processor portion of the system and reload fresh X-ray film back
into the cassette (14). This processor therefore has the same specifications as
described for the darkroom automatic processor, with the exception of the
cassette loading and unloading requirements.

3.2.3

Computed Radiography Processor
Unlike many film-based systems, CR systems do not require the use of a
darkroom. CR imaging plates are known as phosphor plates create an image by
exciting the electrons in the plate into a higher energy state when exposed to Xrays, forming a latent image. This is then read in the CR reader with a laser spot,
where the electrons absorb the laser energy and emit light as they return to their
ground state. This light is collected by a light guide and sent to a photomultiplier
tube, which produces an analogue signal that is converted to a digital signal. The
plate is then exposed to an erasing light, removing the residual radiation. In
some cases, it is possible to use the standard film cassettes with CR phosphor
plates.
There are variations in the methods described above depending on the type of
reader and manufacturer. However, the following minimum specifications for a
CR system is required:
•
•
•
•
•
•
•
•
•

A panel for indicating online status of the CR reader in case of machine
malfunction
The spatial resolution of the digital image is 6 pixels/mm or more
The image size should be 12-bits or higher
Specific pediatric algorithms that are weight dependent should be
established and be applied to all pediatric chest images.
The ability for post-processing of images, such as annotations and grey
scale optimizations, prior to images being sent for reading.
The ability for single exposures to have multiple post-processing applied
to the raw data creating multiple images that can be archived or filmed
The ability to re-process an archived image with a new algorithm and
then archive the new image
Record patient identification data directly onto the image
Retrieve and reproduce high quality images from stored data without the
loss of image quality

•
•
•
•

3.2.4

Hard disk capacity large enough to be able to store images
commensurate with the workload
Ability to send images to an external source (e.g. PACS / USB) and/or
print onto hard copy
Power input to be 220-240V at 50Hz and fitted with a plug
commensurate with facility’s electrical outlets. There is also to be a
resettable overcurrent breaker fitted for protection
The resolution of the phosphor screens should be in the order of 1576 x
1976 pixels for a 24x30cm cassette or 1770 x 2370 pixels for a 18x24cm
cassette

Digital Radiography Systems
DR systems generally do not use a physical medium for which an image is stored,
rather sending the image to a computer screen directly after exposure. Another
significant advantage of DR over CR is that similar image quality characteristics
can be obtained at up to 60% lower radiation doses. In addition to the exposure
settings, the appearance of the final image displayed on the screen is dependent
upon the algorithms that have been established and applied.
The following specifications are the minimum required for a DR system:
• Specific pediatric algorithms that are weight dependent should be
established and be applied to all pediatric chest images.
• The ability for post-processing of images, such as annotations and grey
scale optimizations, prior to images being sent for reading.
• The ability for single exposures to have multiple post-processing applied
to the raw data creating multiple images that can be archived or filmed
• The ability to re-process an archived image with a new algorithm and
then archive the new image
• Hard disk capacity large enough to be able to store images commensurate
with the workload
• Ability to send images to an external source (e.g. PACS / USB)
The imaging specifications for digital radiography vary widely across different
manufacturers. It is therefore difficult to provide recommendations on the
minimum detector and X-ray requirements when using digital radiography.
However, as an example, in a paediatric setting, the following relevant digital
detector and X-ray requirements would be sufficient:
• High Dose Quantum Efficiency (DQE) Cesium Iodide detectors. This enables
improved image quality with lower doses.
• Paediatric image optimization software
• Detector Matrix minimum
o For 35 x 43cm detectors – 2520 x 3032 pixel matrix
o For 25 x 30cm detectors – 1752 x 2130 pixel matrix
o 14bit bit-depth for acquisition, 12-bit for storage
o Pixel size of 125 micrometres
For the display monitors, the following specifications are recommended:
• Resolution
o 1280 x 1024 pixels
• Visual contrast

•

o 1000:1
Brightness
o 220 cd/m2

As a separate requirement for all portable digital detectors, a “high shock
tolerance” is recommended to avoid damage if the detector is accidentally
dropped. For any fixed digital image receptor, the field size should ensure that
the entire chest can be imaged in one radiograph. Additionally, calibration of the
detectors should be performed by the service engineer at the time of the
scheduled equipment maintenance.
3.3. Equipment procurement, installation and servicing
Regular maintenance of equipment is essential to ensure a consistent quality of imaging.
Equipment maintenance processes that can be completed by site personnel will be
discussed in detail in Part C - Quality Control. However, it is expected that for a site to
participate in a study, well-trained and qualified personnel will service the following
equipment at least yearly:
•
•
•
•
•

X-ray unit and generator
Uninterrupted Power Supply (if applicable)
Film processor
CR reader
DR imaging receptors

It is preferable for the servicing personnel to be from the same manufacturer as the
specific piece of equipment. However, this is not always possible and an appropriate
engineer (either from the site’s country of origin or international) deemed suitable by
the researchers can be a viable alternative.
Maintenance and repair of equipment is further complicated where equipment is
donated. Donating equipment may not necessarily have the desired effect of improving
care (16). For example, almost 50% of all donated x-ray equipment in the developing
world is out of service due to poor infrastructure or missing equipment (17).
Furthermore, for digital X-ray equipment, required information technology
infrastructure, such as internet access can often be overlooked. Donation of this
equipment should only be considered when a service contract from a manufacturer’s
representative is purchased along with the donation. However, the contract costs may
exceed that of the purchase of used equipment (16).
The following points should be considered in the decision to accept equipment
donations (16);
• It is rare for donated equipment to conform to the power supply requirements of
the target country and should therefore be considered in the preparation of
equipment
• The equipment should conform with government policies and administrative
arrangements of the target country
• For the quality of the equipment to be acceptable in the target country, it should
be acceptable in the donor country

•

There should be effective communication between the donor and recipient.
Furthermore, all donations should be made according to a plan agreed to by both
the donor and recipient.

In the cases where new equipment is required to be purchased, consideration should be
given to the following (in addition to the specifications outlined above):
• The imaging system must be easy to use and maintain. Film based systems incur
large ongoing costs due to consumables and storage. A digital system is therefore
preferable (18)
• Digital devices that are designed to optimize pediatric imaging, including the
ability to segregate algorithms into specific patient size subgroups. Using adult
settings in a pediatric environment may unnecessarily result in increased patient
radiation dose or poor image quality.
• Imaging systems must be able to electronically transfer images. JPEG or Audio
Video Interleaved (AVI) can be used, but the image identification would either
have to be transferred as a separate file or be imbedded within the image.
Additionally, a physical means of image transport, such as Ethernet, a USB or Wifi is required (18).
• Implementation of the exposure indicator standard by the International
Electrotechnical Commission (IEC) 62494-1 (19)
Whether equipment is purchased or donated, all equipment is to be installed by the
supplier, who should also perform safety and operation checks before handing over to
the department (14). After installation, appropriate inspection should occur to ensure
mechanical and electrical safety as well as proper radiation limits (14,20).
The supplier is also responsible for providing technical training to users in the
operation and basic maintenance of the equipment. A list of equipment and procedures
required for local calibration and routine maintenance of the equipment, as well as user
and technical maintenance manuals shall be provided. These manuals should also be
provided in a language understood by the user (14,16).
Full records of all servicing, maintenance and any repairs or replacement parts should
be maintained for each item of equipment (10). The period of manufacturer warranty, if
any, should also be evident in the service records. Contact details of the manufacturer
and supplier, as well as any local service agents are to be provided to the department
(14).
Furthermore, to be included in a study, sites should ideally have serviced their
equipment within 12-months of the beginning of a project.

4. Identification and image labelling
There are specific general principles that are associated with good imaging performance.
However, some of these principles are required to ensure that images are appropriately
identified, are matched to the right patient and that images contain information about how
they were acquired for proper analysis and reproducibility.
4.1 Patient Identification
All patients should be properly identified prior to imaging to ensure that the correct
patient and study match the required imaging. The minimum requirement is that
patients are identified via the facility’s usual clinical procedure, which may include the
patient name and date of birth matching the request for imaging. Any identification
checks should be recorded on both the imaging request form and study case report
form.
4.2 Image annotation
All images must have the following information present and legible. These annotations
must not obscure any anatomy and should be in the same location on the image every
time. They should also be either included on the radiograph or digitally inscribed on the
image. Some of these annotations may be subsequently obscured or removed to ensure
the de-identification of patient data in the interpretation of chest X-rays:
•
•
•
•
•
•

Name and date of birth of the patient
Date of examination
Anatomical side marker (left or right)
Whether the image was acquired in a supine or erect position
Name of facility
Exposure factors used to acquire the image (preferred but not essential)

5. Chest X-ray Imaging Recommendations
In the acquisition of chest X-ray images in pediatric patients, there is not only a need to
standardize the x-ray equipment, but also the radiologic techniques to ensure optimization of
radiation dose (21). For example, some parts of the developing world use fluoroscopy units to
obtain real-time images of the chest as a diagnostic tool for pneumonia. This is a highly
unreliable examination that involves an increased radiation dose (11). It is therefore
recommended that a standard X-ray technique be used for epidemiological studies.
Many pathological processes require the use of both the AP or PA and lateral chest X-rays to
assist in their diagnosis. It is also understood that facility protocol may require both of these
projections for all chest X-rays. However, for the purposes of the epidemiological studies that
these guidelines are written, an AP or PA chest alone will suffice. For many research questions,
the lateral chest X-ray is not required, but may still be used if clinically indicated or if the
research question specifically requires lateral views.
The purpose of these guidelines is to target studies with a cohort of patients between 0 and 59
months. In these cases, the AP chest is preferred over the PA chest. The positioning methods of
patients in this age group are much simpler for the AP chest and are likelier to achieve patient
co-operation. Furthermore, the differences in magnification of internal structures between the
AP and PA chest at this age are negligible due to the cylindrical shape of the pediatric chest.
5.1 Patient Positioning
Positioning children for chest X-ray examinations is an important task that can be
difficult where patients are uncooperative. However, it is crucial that the resultant
image be of sufficient quality that it is diagnostic. It is therefore imperative that the
method of patient positioning is exact and independent of the level of cooperation of the
patient.
For the AP chest X-ray examination, the two main methods of acquiring the image are
with the patient in the supine or erect position. The erect position of the patient is the
more difficult to be achieved, particularly if the person acquiring the image is not well
trained in this area or does not regularly acquire images on these patients.
Consequently, it is expected that if the facility conducts erect chest X-rays on children
daily, an erect chest X-ray should be performed. For all other facilities, or where
positioning a patient for an erect chest X-ray is difficult, a supine chest X-ray will suffice.
These guidelines describe the positioning methods for both the erect and supine chest
X-rays. Instructional videos of positioning methods by The Royal Children’s Hospital in
Melbourne, Australia can also be found on the WHO-CRES website.
The patient is to be positioned in a true AP position, with their shoulders and anterior
superior iliac spines (ASIS) equidistant from the image receptor, ensuring that they are
not rotated. The mid-coronal plane of the patient should be positioned so that it is
parallel to the image receptor. In the uncooperative patient, the arms are to be
immobilized above the patient’s head to ensure that the scapulae are clear from the
lung-fields. This can be also achieved in the cooperative patient by placing the patient’s
hands on their thighs and bringing the elbows anteriorly.
Most children under 5-years will not cooperate when being positioned for chest X-rays,
which will require them to be immobilized. In the immobilization of children for chest

X-rays it needs to be a relatively easy process that is non-traumatic for the patient.
Furthermore, whilst it needs to be ensured that the patient cannot move and that the
beam can be centered, the usefulness of any immobilization needs to be explained to the
parent, as the methods used can be distressing to a parent.
There are a number of specifically designed immobilization devices available to be
purchased online at a reasonable cost. However, it must be reiterated here that these
must be non-traumatic to the child and they must be quick and easy to use.
For sites that do not currently use an immobilization device, patients can be
immobilized through the use of assistants. As discussed above, the video link outlines
how assistants can be used. This is also outlined in the figure 1, which is a poster that
describes to assistants how to properly immobilize the patients. Each of these methods
use a specific chair with a Velcro strap that has been constructed for the specific
purpose of immobilizing children for chest X-rays. However, the methods can be easily
varied if a chair such as this is unavailable. For example, another assistant may be used
to hold the patient at the level of the femurs or pelvis to ensure no rotation of the lower
half of the body (15).
In the uncooperative patient, the person who is immobilizing the patient by the arms
should hold the patient’s arms at the level of the elbows to avoid the patient being able
to move their arms. Slight inward pressure towards the patient’s head should also be
applied to ensure that the head is immobilized, with the patient’s chin not overlying the
upper chest.

Positioning children
for chest X-ray
You are your child’s best support and comfort. Please help your child and assist in getting the clearest chest X-rays by following the
instructions below. Before your baby/child has their X-ray: they need to be undressed from the waist up, they need to have their hair tied
up on top of their head (if they have long hair) and the child’s helper (parent/guardian/friend) will be required to put on a lead apron.

Baby who is unable
to support their head

Baby who
is able to sit

1. Seat baby on the stool with
their bottom right back
against the screen.

1. Seat baby on the stool with
their bottom right back
against the screen.

2. Baby should be straight and
facing forward.

2. Baby should be straight
and facing forward.

3. With baby’s legs straight
forward a waist strap is
tightened around baby’s lap.

3. Then a waist strap will be
tightened around baby’s lap.

4. Helper stands to the side.

5. To help secure the stool the
helper may place their foot on
the stool’s base.

5. Helper lifts the baby’s arms
up as straight as possible
to either side of the baby’s
face and supports the baby’s
head upright between
their arms.
6. Hold baby in this position
until X-ray is complete.

4. Helper stands to the side.

6. Helper holds both of baby’s
arms at the elbow so that the
arms are straight up,
at either side of baby’s head at
the level of their ears.
7. Hold baby in this position
until X-ray is complete.

Toddler

Preschooler

1. Seat toddler on the stool with
their bottom right back
against the screen.

1. The child sits on the
stool with their bottom right
back against the screen.

2. Toddler should be straight
and facing forward.

2. The child needs to sit facing
forward and straight.

3. Then a waist strap will
be tightened around toddler’s
lap.

3. A waist strap is placed
around the child’s lap.

4. Helper stands to the side.
5. To help secure the stool the
helper may place their foot on
the stool’s base.
6. Then helper holds both of
toddler’s arms at the elbow
so that the arms are straight
up and at either side of
toddler’s head.

4. Helper stands close by for
reassurance.
5. The child is asked to put
their hands on their hips
and lean their back against
the screen.
6. The child needs to hold
this position until the
X-ray is complete.

7. Hold baby in this position
until X-ray is complete.
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Figure 1
An instructional poster for parents and caregivers on display at The Royal Children’s
Hospital, Melbourne that demonstrates how to correctly position a child for a chest X-ray
(Source: Creative Studio, The Royal Children’s Hospital, Melbourne)

It is not ideal for the person acquiring the image or other staff members of the facility to
hold the patients for chest X-rays. This is due to the cumulative effect of scattered
radiation dose that they would receive for holding patients repetitively. Therefore, the
role of holding the patient should be given to the parent or caregiver of the patient.
When provided with proper instructions, parents and caregivers can be very helpful,
although it is important that they know exactly what is required of them (22). In cases
where the parent or caregiver is pregnant, or where the parent or caregiver are
incapable of holding the patient this role should then be shared amongst the facility
staff. Furthermore, to minimize the scattered radiation dose to others, only those who
are required in the examination room at the time of exposure should be in the room.
No matter who is holding the patient, the scattered radiation dose to any person
assisting in immobilizing the patient during the chest X-ray examination must be below
1mSv (23). Consequently, this person is to be protected with a standard lead apron (11).
The thickness of the lead apron is selected based upon consideration of the type of
examination. For general radiography, including pediatric chest X-ray, this lead apron is
to be of at least 0.25mm lead equivalence (24).
5.2 Technical Factors
There are many factors involved at a technical level when acquiring the image that can
affect both the quality of the image and the radiation safety of the patient. Patient
radiation dose can vary between sites, as well as within a site due to different
equipment, filtration, techniques and patient characteristics (22). Targets in meeting
exposure index, along with factors of shielding, grid use and incorrect positioning also
highlight the regular challenges faced, particularly when imaging children (25).
Whilst in clinical practice, several variations exist between these technical factors, the
following are the recommended requirements for chest X-rays in children:
5.2.1 Image receptor and processing
The image receptor type and image processing requirements are largely
dependent on whether film, CR or DR is employed. Both CR and DR have
significant benefits when compared with conventional film, particularly in their
post processing capabilities and improved contrast resolution. In general, CR and
DR have the potential for dose reduction while improving image quality and
diagnostic accuracy. CR and DR can compensate for under or over exposures of
the patient, covering a range of 300-400 times that of film-screen systems. This
has a major advantage of reducing repeat imaging.
However, unless the system is fully optimised, dose reduction is not achieved
and overexposures will go undetected. This is known as the “exposure creep”
phenomenon. For example, overexposures of 5-10 times a normal exposure will
have the appearance of a properly exposed image due to the compensation by a
digital detector. System optimization can be achieved with staff training and
continuous monitoring of parameters and practices.

For CR and DR, in the processing of images the nomenclature for digital image
processing algorithms and exposure indices must be standardized so that they
can be understood by all users. These image processing algorithms include
altering brightness, detail, contrast and latitude to improve the overall quality of
the image. Additionally, any exposure or dose information, as well as the patient
record should be able to be sent to any image storage medium in accessible form.
5.2.1.1

Film
The use of X-ray film is very complex as there are many processing
variables that can affect the quality of the image. These are outlined as
follows:
•

Each film can be covered in one or two emulsions of silver halide
crystals of varying shapes and distributions. These factors
influence the resolution of the image, with a smaller crystal size
increasing the resolution. However, a smaller crystal size will also
decrease the speed at which an image can be acquired, which is a
disadvantage in pediatric chest imaging where short exposure
times are required. Film with emulsions of a crystal size of 3-5
micro-meters (μm) is sufficient for the detail required for pediatric
chest X-rays and should thus be used. These films should also have
a double emulsion, which effectively doubles the amount of
crystals and increases the speed at which the image can be
acquired.

•

Inside the film cassettes are intensifying screens, which are either
blue-sensitive (e.g. calcium tungstate) or green-sensitive (e.g. rare
earth or “Lanex”) depending on the light that they emit. Screens
are coated with a fluorescent material called phosphors, which
convert X-ray photon energy to light. The purpose of the screens is
to assist in the exposure of film by emitting small amounts of light
onto the film emulsions when exposed to X-rays, thereby
dramatically reducing the amount of patient exposure. The screens
can vary in their speed, depending on the thickness of the
phosphors (thicker phosphors = faster screen). Faster screens are
ideal as they result in both shorter exposure times, which is ideal
for pediatric chest imaging, and a lower radiation exposure to the
patient. However, this also results in a lower image resolution.
Based on this, the fastest possible screen speed should be used,
provided there is sufficient signal-to-noise ratio and no loss of
diagnostic information (11). The nominal speed class is therefore a
minimum of 200, with a maximum of 400 for pediatric chest X-rays
(15). Blue-sensitive screens are typically slower and more readily
available globally, but are available in these recommended speeds.

The radiation exposure required to produce a diagnostic image will vary
depending on the films and screens when used in conjunction with each
other. For example, two films from differing manufacturers using the
same screen from one manufacturer may require different exposures to
produce the required diagnostic image. Consequently, it is highly
recommended that the films, screens and cassettes used at a particular

site are all from the same manufacturer and that the cassettes are labeled
with the screen speed and film type. In most cases, this will have the
added benefit of quick replacement of parts if required.
Furthermore, for efficient workflow and contingency planning, it is
recommended that there are at least three cassettes of each screen speed
and film type available.
The optical density of the film is a measure of the film darkening. This can
be measured with a densitometer and is outlined in Part C – Quality
Control. Without photon exposure, all films have an optical density that is
known as the base-fog level. In diagnostic radiography, the base-fog
optical density should not exceed 0.25 (13). After exposure, there will be
a range of optical densities on the film corresponding the bright and dark
areas of the image. For the diagnostic areas of imaging, the optical
densities should be in the range of 0.5 to 2.2 (13). However, it must be
noted that the judgment of optical densities are usually based on global
impressions rather than measurements.
The aesthetic quality of the image is determined by the cassette size used.
For children less than 5-years, a cassette size of 24x30cm is sufficient to
include all relevant anatomy, whilst a cassette size of 18x24cm is
sufficient if the patient is less than 10kg.
5.2.1.2

Computed Radiography
Contrary to screen-film radiography, CR systems do not show any fixed
relation between the image receptor dose and the optical density of the
resulting film. Moreover, the exposure or dynamic range of imaging plates
used in CR is much wider than conventional film. Therefore, it is not
possible to give speed numbers for this kind of image receptor. However,
cassettes with imaging plates should not be exposed higher than screenfilm cassettes for the same medical application, provided the
configuration of the X-ray system is the same. This is even more evident
when film-screen cassettes and imaging plate cassettes are used in
parallel, or when imaging plate cassettes directly replace screen-film
cassettes in a facility.
Cassette sizes for CR imaging plates are similar to those of conventional
film. For some manufacturers, the cassettes that are used for film are
applicable to CR. The aesthetic principles for CR are therefore also
applicable as for film.
Finally, the implementation and display of any exposure indicator values
is recommended for sufficient monitoring of patient dose in comparison
with image quality.

5.2.1.3

Digital Radiography

Each of the recommended flat panel detector and monitor specifications for
pediatric chest radiography using the digital systems have been outlined in
section 3.2.4 under “equipment specifications”.
To enable optimal image acquisition and display, it is recommended that digital
systems are configured to allow the user to select a body size or age that is
appropriate to the individual patient. For example, the following would be
considered accepted categories:
• Less than 1.5kg
• 1.5kg to 2.5kg
• Birth (greater than 2.5kg) to 1-month
• 1-month to 2-years
• 2-years to 5-years
Each of these categories would encompass the pediatric algorithms discussed in
3.2.4.
Additionally, whilst not essential, a rapid display of a preview image is
recommended for workflow efficiency. Viewing monitors should allow for black
surroundings of the image for ease of viewing.
As per CR, the implementation and display of any exposure indicator values is
recommended for sufficient monitoring of patient dose in comparison with
image quality.

5.2.2 Filtration
“The quality of x-ray beam is important in the reduction of radiation exposure and
is affected by filtration (inherent and added) on the X-ray tube, by the X-ray
generator and by the exposure technique selected.” World Health Organisation
(11).
During image acquisition, the lower energy radiation on the radiation spectrum
is completely absorbed by the patient and thus adds to the radiation dose to the
patient and is irrelevant in the production of the image (10). Avoidance of this is
necessary through filtration of the radiation beam.
The amount of filtration used must be enough to avoid the lower energy
radiation from reaching the patient, but not be too large that it absorbs some of
the higher energy radiation that would contribute to the quality of the image.
Recommended inherent filtration requirements for all X-ray tubes should be
2mmAl for use of exposures above 70kVp, with allowance for added filtration
(20). The added filtration allows for an increased X-ray beam energy to be used
with shorter available exposure times, which will inherently result in a lower
patient dose.

In regards to added filtration, up to 1mmAl plus 0.1-0.2mmCu is appropriate
(note that every 0.1mmCu is equivalent to 3mmAl), and complies with
International standards (10).
5.2.3 Anti-scatter grid
In radiography, the use of a grid is to assist in limiting the amount of scattered
(secondary) radiation that contributes to the diminishing quality of the image.
The disadvantage in the use of a grid is that it requires a significant increase of
the exposure factors used and thus the radiation dose to the patient. Figure 2 is
taken from European Guidelines on Quality Criteria for Diagnostic Radiographic
Images in Pediatrics (13) and demonstrates the increased dose to the patient,
particularly in infants, as a result of grid use.

Figure 2 Mean entrance surface dose
(ESD) with and without a grid for the
chest PA/AP examinations on 10month infant, 5 year and 10-year-old
children. n = number of X-ray
examinations.
Whilst the grid assists in improving the contrast of the image, it is not necessary
in pediatric chest radiography as there is minimal scatter due to the smaller
volume of tissue of the patient (21, 26-28). The omission of the grid is line with
guidelines from the International Atomic Energy Agency (IAEA) (28), the
International Commission for Radiological Protection (10) and the European
Guidelines on Quality Criteria for Diagnostic Radiographic Images in Pediatrics
(13)

5.2.4 Automatic Exposure Control (AEC)
The concept of the AEC is to ensure good image quality through the use of
ionization chambers positioned behind the image receptor that allow an amount
of radiation sufficient to produce a pre-determined high quality image. However,
in pediatric examinations, the use of the AEC is largely impractical as it relies
heavily on cooperation of the patient for precise positioning and the chambers’
large, fixed size and shape cannot compensate for the variation in the size of the
pediatric patient (13, 26). Furthermore, their use has the potential to increase
the exposure time, as they are unreliable at the required low exposure times
used for pediatric imaging, which increases the risk of movement artefact being
present on the image (13, 25).
In a survey of contributions to radiation dose for pediatric chest X-ray
examinations, it was discovered that of the four sites that used the AEC for chest
examinations, three sites had delivered the largest effective doses to patients in
the entire cohort (27).
Consequently, in line with both European and IAEA Guidelines (13, 29) and in
the interest of optimizing the radiation dose to the patient, it is recommended
that the AEC is not used for pediatric chest X-ray examinations.
5.2.5 Exposure factors
The exposure factors that can be set by the operator all contribute to the image
quality, which can be achieved in a safe manner. The 3 exposure factors are:
o Kilo-voltage (kV), which determines the energy and therefore penetrating
power of the X-ray beam through the body
o Milli-amperes (mA), which determines the number of X-ray photons that
are produced, directly affecting the brightness of the image, and
o Time (s), which determines the amount of time the X-ray photons are
being produced.
The mA and time are directly related and are commonly set as one factor (mAs),
but can occasionally be set separately. Exposure factor settings vary depending
on equipment age and characteristics, as well as the image-processing medium.
Thus, it is not practical to provide recommended exposure settings, as this would
not translate to all sites. As a guiding principle, it is recommended that “The
radiation dose given to patients should be as low as reasonably achievable
(ALARA), while still providing an image quality that is adequate to enable an
accurate diagnosis” (7, 26, 30, 31). However, the following information provides
best practice recommendations for each of the exposure factors and how they
contribute to image quality and dose to the patient. It is expected from this
information that a weight-dependent exposure chart for each site is developed
for use by the sites’ operators (11).
The kV directly affects the image contrast, with a high contrast at lower settings,
However, this comes at the expense of an increased patient skin entrance dose.
Increasing the kV reduces the patient skin entrance dose, but will also reduce the
image contrast (32). Furthermore, “as beam energy is increased, X-rays become
more penetrating, are less likely to be attenuated within the patient and are
more likely to reach the image receptor compared with lower beam energies.

This results in radiation dose reductions over 50%” (32, 33). There is therefore a
balance that must be reached to ensure an appropriate image contrast and
patient skin entrance dose.
The kV setting must be high enough that the lung structure and spine can be
discernible behind the heart and mediastinum. European guidelines suggest that
the optimal kV range for pediatric chest X-rays is between 60kV and 80kV (13)
and it is recommended that at least 70kV is used at the newborn level that
increases to no more than 80kV for 5-year-old patients. Higher kV settings also
allow for lower mAs settings, in particular exposure time settings, which reduce
the risk of motion artefact in pediatric patients.
Depending on the age and characteristics of the equipment, at 70kV settings as
low as 0.5mAs can be used for newborns. When establishing the current and
time settings for pediatric chest X-rays there needs to be the ability to alter both
the mA and time independent of one another. It is ideal that the exposure time is
very low, such as less than 10ms, or even less than 4ms in the newborn. This
takes into account the non-cooperation of the patient and will minimize the risk
of movement artefact.
5.2.6 Source-to-image distance (SID)
Also known as the focal-film-distance (FFD), the SID is the distance from the Xray tube’s focal spot to the image receptor. For chest X-rays this is typically quite
large to minimize the magnification factor of internal chest structures, such as
the heart. In adults, this value is anywhere between 150cm and 200cm. The long
SID is also suggested by the IAEA (26) and is thought to assist in controlling the
pediatric patient radiation dose by using air as a natural filter (27).
In children, the smaller thickness of the patient means that a smaller SID is
allowable in order to achieve a similar magnification factor. The European
guidelines suggest that the SID for chest X-rays in pediatric patients is 150cm
when the patient is positioned erect and 100cm for supine (13). However, to
standardize the requirements for simplicity, it is recommended that the SID used
for pediatric chest x-rays is 125cm regardless of whether the patient is
positioned erect or supine.
The SID also dictates the mAs that is used to achieve an appropriate image
density. The intensity of the source of radiation is inversely proportional to the
square of the distance. This is known as the “inverse square law”. For example, if
1mAs was used at 100cm SID, 4mAs would need to be used at 200cm SID in
order to achieve the same optical density on the image.
It is understandable that equipment at some sites will either have a fixed SID or
one that does not allow for a SID of 125cm. In these cases, it is expected that the
mAs will be altered in accordance with the inverse square law in order to achieve
an image with optimal optical density and that there is consistency from one
image to the next.

5.2.7 X-ray beam position
With the patient in the correct position as described previously, the X-ray beam
must now be positioned correctly in order to achieve the desired image. As the
patients targeted in these guidelines are for an AP chest X-ray only, using an Xray beam that is not angled will project the medial ends of the clavicles too
superiorly on the lung-fields, resulting in a lordotic appearance of the chest. The
reason for this is due to the large distance between the medial ends of the
clavicles and the image receptor in conjunction with the divergent geometry of
the X-ray beam. Consequently, the X-ray tube should be angled 10 degrees in the
caudal direction (towards the patient’s feet) in order to be perpendicular to the
patient’s sternum.
The centre of the beam (central ray) is to be in the mid-sagittal plane of the
patient at the level of the patient’s nipples (15). With the X-ray beam centred and
angled correctly, the beam can be collimated.
5.2.8 Beam collimation
Collimation of the X-ray beam allows the operator to limit the field size to the
area of interest. As specified in the equipment specifications, the field size can be
adjusted using the adjustable multi-leaf collimators.
Collimation is very important as it reduces the irradiation of unnecessary
structures and limits the amount of scattered radiation that also contributes to
the patient dose and poor image contrast and resolution (10, 22, 26, 34). An
inappropriate field size is one of the most important faults in pediatric radiation
techniques. Even the inclusion of unnecessary anatomy within the radiation field
does not significantly contribute to the clinical gain via incidental findings (25). It
is therefore imperative that the field size is as small as possible, but maintains all
the required clinical information and relevant anatomy (11,20).
In pediatric patients, tight collimation can be difficult because a substantial
proportion of these patients are uncooperative (21, 26). Recommended
techniques for adults are not applicable to pediatric patients as it can result in
unnecessary radiation to non-thoracic structures (25, 35). However, this image
criterion specifies the appropriate field size limitations. Whilst some degree of
latitude is necessary to ensure that the entire field of interest is included, this
cannot be accepted as an excuse for repeatedly using too large a field size in
pediatric patients.
Appropriate collimation for pediatric chest X-rays can be described as follows:
With the arms elevated, the superior border of the palpable
acromio-clavicular (AC) joint generally lies above the lung
apex and should be used as the superior collimation border.
Inferiorly, the ribs can usually be felt, which is sufficient for
the inferior collimation border (25). Laterally, the
collimation borders can extend to 1cm lateral of the skin
edge in neonates to 2cm for all other children.

Overall, the top of the lungs to the lower parts of the diaphragm, including the
costophrenic angles should be included. On the final image, all four borders of
collimation should be present. With the use of both CR and DR, it is possible for
the operator to add artificial borders to the image during the post-processing
phase after acquisition. Whilst this can improve the overall appearance of the
image, it misrepresents the radiation field that was used to expose the patient (8,
10, 26). Additionally, the histogram analysis algorithms of the CR and DR systems
will not have anticipated any unnecessary anatomy included and contrast will be
sacrificed to appropriately represent this anatomy (26).
5.2.9 Optimizing Technical Factors
Relevant to the technological information presented above, Willis (26) outlined
five courses of action in 2009 that can result in dose reduction for a radiographic
projection that are relevant here:
1. Decrease digital receptor dose:
Whilst this is only relevant for those sites with digital systems, it allows for
lower exposure factors to be used. The lower exposure factors will produce
smaller detector signals and these can be amplified by the digital system.
2. Increase receptor efficiency:
This may be limited to the available software of the system being used but is
relevant to both CR and DR systems.
3. Increase radiation penetration:
This can be achieved either by increasing the beam energy (kV) or using
added beam filtration. As discussed above, this causes a decrease in subject
contrast and noise due to less photons being required to maintain the
exposure.
4. Decrease scattered radiation:
An example of how to decrease the scattered radiation is to use adequate
beam collimation.
5. Combine noisy images:
Not commonly used, but available in some CR systems, this is a process
whereby stimulated luminescence from both the front and back sides of a
computed radiography imaging receptor is acquired.
5.3 Other Requirements
Once acquired, the resultant image should demonstrate the relevant anatomy
clearly and with no unnecessary artefacts that may interfere with the diagnostic
value of the image. Many objects can be classified as unnecessary artefacts, for
example jewelry, patient monitoring leads or even buttons from clothing.
Artefacts can also be caused during film handling or image processing, so it is
imperative that film handling and image processing is performed correctly.
Additionally, as technology improves, so too does the image detail and this
results in basic children’s clothing being sometimes visible on the images. It is
therefore recommended that all clothing and other removable artefacts that are
anticipated to be within the field of view are removed prior to positioning the
patient.

The final image should also demonstrate the chest in the inspiratory phase (15).
A chest X-ray acquired with the patient in the inspiratory phase allows sufficient
contrast to visualize any fluid or other markings within the lungs due to the low
density of the lungs. A chest X-ray acquired in the expiratory phase also raises
the position of the diaphragms, leading to exaggeration of the heart size, as well
as obscuring the lung bases. It not easy to achieve a chest X-ray on inspiration in
the uncooperative pediatric patient, as they cannot suspend respiration in the
inspiratory phase on demand. Consequently, it is up to the operator to have an
uninterrupted view of the patient at the point of exposure to ensure that the
exposure is made whilst the patient is at the inspiratory point of the respiratory
cycle. Pediatric patients tend to breathe using their abdominal muscles and
exposing at the point of inspiration is generally achieved through observation of
the inward and outward motion of the patient’s abdomen. This is also more
easily achieved if the patient’s upper half is naked.
5.4 The Final Image
Figure 3 demonstrates an example of an ideal chest X-ray following the
recommendations described above. It is inevitable that variations in image
appearance will occur, however a certain standard must be maintained. This will
be described in more detail in Part C – Quality Control, along with
recommendations on maintaining these standards throughout the study.

Figure 3
An ‘ideal’ chest X-ray that is positioned correctly, with appropriate collimation
and use of a lead side marker. (Source: The Royal Children’s Hospital, Melbourne)

6. Image Archiving and Viewing Recommendations
6.1 Image storage
Archiving of images is an important factor in the ongoing care of patients. Images
contribute to the permanent recording of a patient’s medical history and in many
instances, patients return for repeat studies that often require a comparison with
previous studies. Successful archiving is also important to ensure the permanence of the
radiograph for study purposes, allowing for re-examination and comparison as research
questions are investigated.
Image archiving is the responsibility of the imaging department at the facility and
images should be archived in a way that they can be easily retrieved despite the type of
image processing used (film / CR / DR). Whilst images may be stored on-site as hardcopy films or as digital images, all images will need to be in digital format for the
purposes of epidemiological studies (see below for digitizing specifications). This will
prevent problems associated with the potential loss of hard copy images and increase
efficiency in the physical transport of images. Even in instances where plain films are
considered the property of the patient and thus not archived, these films should be
digitized before being given to the patient. Study protocols should explain a clear
process for the naming of digital files that has a systematic and consistent approach to
file names and ensure the correct radiograph is assigned to its relevant case.
A Picture Archiving Communication System (PACS) network is a system for the
electronic storage of images and allows them to be viewed on any workstation that is
connected to the system. PACS is ideal for sites that currently store their images
electronically as it allows images to be stored in one place without using ample physical
space. Additionally, there is an increasing need for facilitating the communication
between radiologists and referring physicians and this allows referring physicians in
other areas of a facility to be able to view images quickly (33). A PACS network should
also consist of an effective backup program, thereby preventing loss of images. Sites that
currently have or are able to establish a PACS network will require a storage area
network (SAN) capacity that is commensurate with both the workload and imaging
modalities that are employed by the site. They will also require access to a sufficient
broadband network, as well as viewing stations.
PACS is not necessarily an option for all sites due to the cost and data storage
restrictions. In these instances, storing images on compact discs (CDs) only are not ideal
as they can often be hard to retrieve should a patient return for a new study (36).
The most practical method is to send the data to a network gateway, such as an
inexpensive laptop computer that is connected to the network via a cellular modem
(18). This has the following advantages (18);
• Studies can be backed-up to CD or USB
• It can connect to an external antenna to increase its signal and the power
consumption is very low
• Communication between the gateway and the X-ray system can be either wired,
such as an Ethernet cable, or wireless
• Inexpensive small computer systems make the replacement of systems a better
option than repair of these systems
• Support for software is available, albeit informal via the internet

Another similar method is to store images on a computer hard-drive, with a sufficient
storage capacity that does not affect the quality of the images, as well as an effective
backup system. Despite the method, a daily system back-up is recommended with the
back-up system appropriately stored (18). Any images stored for study purposes should
be centralized, easily retrievable, and have adequate backup available.
In the digital storage and transfer of images, the amount of data constituting an image
influences the amount of digital storage requirements, particularly in facilities where
many images are acquired. This necessitates the need for digital compression where
this amount of data can be reduced. This has an added advantage in the transfer of
images as the compression reduces the bandwidth requirements for transfer (18).
There are 2 main types of digital compression, each with their own advantages and
disadvantages (37-41):
• Reversible compression algorithms (lossless)
o Advantage: Information in the digital image is not altered
o Disadvantage: Only small compression ratios (3:1) are possible (38-40)
• Irreversible compression algorithms (lossy)
o Advantage: Allows for large compression ratios and thus a low size
o Disadvantage: Alters information in the digital image (e.g. reduced image
sharpness (42))
In most cases, where there is a need for compression, the use of reversible compression
algorithms is inefficient due to the limited compression ratios. For storage and
transmission costs to be significantly affected, compression ratios in the order of 20:1
or higher are required (43). With the increased expectation for access to imaging data
and thus increases in storage and bandwidth requirements, irreversible compression
can be justified (40). However, using irreversible compression algorithms has the
potential to omit vital information within the image, depending on the compression
ratio. The higher the ratio, the more images that can be stored in a specific area, but the
higher the loss of information within the image (40). Whilst the level of acceptable
image degradation is in most cases subjective, the following is a guide to some best
practice levels of digital compression and it is recommended that testing for individual
applications of compression is carried out to determine the compression threshold for
each study. It is also recommended that where possible, the compression ratio and type
is displayed and that these images cannot be recompressed (40).
It has been demonstrated that irreversible digital compression methods can be applied
to high resolution skeletal images without sacrificing image quality (42). Furthermore,
different lossy compression algorithms are available, some of which can minimize the
effect on image quality by reducing the amount of noise and non-critical information in
the image (41,43,44). For example, JPEG techniques are the most commonly used
standard. However, they suffer from blocking artefacts that increase in effect with
increasing compression ratio (40,43,44). Alternatively, wavelet compression algorithms
have been shown to have no clinically significant degradation for compression ratios
below 30:1 and have been suggested to be a suitable alternative to JPEG techniques
(40,43).
JPEG 2000 is another type of compression algorithm that can provide higher
compression levels than JPEG images at an equivalent or higher image quality (46,47).
In comparison to JPEG images, the JPEG 2000 algorithm is more efficient with a single
unified coding framework, can support region of interest (ROI) coding and is robust to
bit errors in wireless communication applications (40,44). Using this algorithm, the

Canadian Association of Radiologists (CAR) Guidelines suggest that there is scope for
irreversible compression in peediatric chest radiographs for both computed and digital
radiography techniques, and that the suggested compression ratio is between 20:1 and
30:1 (40,46).
6.2 Digitizing Images
For the purposes of epidemiological studies, all images will need to be presented to
readers in digital format for interpretation. There are several methods by which
radiographs can be digitized, such as scanning radiographs into a digitizer or taking
digital photographs of the images. Each method comes with a wide range of required
expenditure and quality. Regardless of the method of digital acquisition from
conventional radiograph, it is widely recognized that the digitized image will be inferior
in quality.
Taking digital photographs of hard copy images is a more cost-effective method of
digitizing images when compared to a digital film scanner (48). Whilst digital
photography has been demonstrated to be ineffective due to the limitations of spatial
resolution, decreased latitude and increased image noise, more recent studies suggest
that the difference in quality between the two methods is insignificant (41, 48-51). In
one study, digital photographs of images were taken with a digital camera using 3.3
mega pixels and 6x optical zoom, with the photographs acquired of images that were
placed 1 metre away on a film lightbox. Images were recorded with a resolution of
2048 x 1536 pixels, with a manual focus of the camera set to 1 metre, ISO to auto,
picture quality to fine and sharpness at zero (48).
Meanwhile, images visualized from a low-cost, flatbed commercial scanner can produce
similar results to an original image, despite a subjective lower image quality (50).
Nevertheless, the main objective is to ensure that any loss of image quality is kept to a
minimum. It is therefore recommended that images captured using an analogue
technique and converted to digital must not be compressed (40).
It is recommended that the responsibility of scanning fall upon as few people per site as
possible to ensure that appropriate training on digitizing techniques is effective. This
staff is also responsible for ensuring that the digitized image is a correct representation
of the original image, for example correct orientation and no obvious artefacts that have
occurred as a result of the digitization process.
6.3 Image Transportation for Study Purposes
Image transfer methodology will be largely directed by specific study and ethics
requirements. Hence there is no particular correct method of image transfer mentioned
in these guidelines.
The specific format for which the images are to be transferred will also depend on the
specific study. As a minimum, it is recommended that the format be in either a DICOM
or JPEG/TIF/Bitmap format as these will ensure minimum loss of quality compared to
other formats. However, only DICOM formats allow for zooming, panning and
windowing of images without loss of diagnostic information. Despite the transfer
methodology used, the following specifications are required to meet the required
objectives and maintain patient privacy and safety:

•

•
•

All images are to be de-identified to ensure that a specific patient cannot be
identified. Images can then be named according to the study’s image
identification requirements. A study protocol for file naming is recommended to
ensure a consistent process is followed for the identification of each image to the
correct patient identifier, as well as any additional factors, such as the number of
the radiograph in a sequence of images (if more than one are taken) and the
projection of the image (such as supine or erect).
All images being transferred from a single site should be of similar size. Images
being transferred that have a large variation in file sizes indicates that a problem
exists in the saving or transferal process.
For all images, including those that are acquired in a digital format, it is
important that there is not any loss of image quality in the transportation
process and that the process is error free.

To ensure that the electronic transmission of images is most effective, particularly in
low resourced regions, the following requirements are recommended (18):
• Compress the images to limit the communication bandwidth use
• Avoid any constant use of a network connection. For example, use of the ‘cloud’
will limit the use of a network connection
• Plan for frequent periods of network unavailability in keeping with power
limitations. For example, use a software package that adjusts the data packet size
so that smaller packets are sent during times of network instability
• Weigh the reliability of various transfer methods with their associated cost.
6.5 Image viewing for study purposes
The ability of the reader to sufficiently report on the image findings can be affected by
three issues:
• The image format, such as DICOM versus JPEG. As discussed previously, these
formats are subjected to different compression and adjustment capabilities.
• The viewing monitor. Differing brightness and resolution from one monitor to
another may affect the ability to distinguish between small changes within the
image.
• The surrounding environment, for example the brightness of background light.
These three issues are more important in studies where images are being viewed in
multiple locations. For example, a program at one facility may have the ability for the
reader to window images to the desired quality, whilst a different facility can only view
images with a fixed quality. Hence, there is a need to standardize the viewing conditions
and workstation capabilities to minimize this variation.
Methods for pediatric chest radiograph interpretation in epidemiological studies, such
as that developed by the WHO, are usually focused on high specificity and not intended
to provide a detailed diagnosis for the individual patient. As such, studies do not
generally require high quality software and monitor capabilities that might be necessary
to inform accurate decisions regarding patient care.
With the recommendation that images are transported and therefore viewed on
computer workstations, the conditions by which the reader interprets the images
should be relatively consistent for all workstation locations. In cases where images are
to be interpreted by multiple readers, images that are presented with no capabilities for

adjustment of brightness, grey level and zoom will minimize varying interpretations.
Furthermore, it is essential that images are viewed in rooms with low ambient light.
(13)
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Glossary
AEC
Anti-scatter grid
AP
Artefact
Base-fog
Beam (X-ray)
Bit (binary digit)
Bucky
Cassette
Central Ray
Collimator(s)
Compression ratio
Contrast
CR

Abbreviation for Automatic Exposure Control. Ionization chambers
positioned behind the image receptor that allow an amount of radiation
sufficient to produce a pre-determined good quality image
A device consisting of alternate radiopaque and radiolucent strips,
designed to allow the primary X-rays to pass through, but absorb
scattered radiation
Abbreviation for antero-posterior, which describes the projection
whereby the x-ray beam path travels from the anterior to posterior parts
of the patient
An artificial appearance on a radiograph that is not natural and can be
caused by a variety of means, including structures or mishandling of film
Density of a processed film without the effects of light or radiation, caused
by the manufacturer and storage of the film
A spatial distribution of X-rays emanating from the X-ray tube
Smallest piece of digital information that a computing device handles. It
represents off or on (0 or 1). All data in computing devices are processed
as bits or strings of bits
A commonly used abbreviation of the Potter-Bucky moving grid system,
which is designed to reduce the amount of scattered radiation reaching
the film
Light tight holder that contains a pair of intensifying screens (for film),
between which is placed the film
The centre of the X-ray beam, often used to define the direction of the Xray beam relative to a body part or image receptor
A device used to control the coverage of the x-ray beam and determine
the x-ray field size. Also known as the light beam diaphragm (LBD)
The average number of bits per pixel (bpp) before image compression
divided by the number of bpp after compression
Difference between 2 or more densities on a film. High contrast is where
there are few shades of grey between the lightest and darkest areas of the
image
Abbreviation for computed radiography, where transmitted X-rays are
converted to light via a solid-state imaging device, such as a

Darkroom
Densitometer
Detail (image)
Developer
Distortion
Dose
Dose Quantum
Efficiency (DQE)
DR
Effective dose
Emulsion
Erect
Exposure
Exposure Creep
FFD
Film density

Filter (safelight)
Filter (X-ray)
Fixer
Focal spot
Fog
Gray scale

photostimulable phosphor plate, and recovered and processed using a
digital computer
Light tight room in which the processing of radiographs is carried out
A device used to measure the optical density on of any spot on a
radiograph by measuring the light that is allowed to pass through it
The amount and quality of information contained in a radiographic image,
which is determined by image sharpness, contrast and density
The chemical treatment that converts the latent film image into a visual
image
Misrepresentation of a body part outline in the image due to changes in Xray beam/body part alignment or unacceptable object-image distance
A general term denoting the quantity of radiation or energy absorbed in a
target
A measure of the information transfer efficiency to a digital detector that
is dependent on the efficient absorption of X-rays as well as the
conversion to a useful signal with minimum corruption by other detector
noise sources
Abbreviation for digital radiography, where transmitted X-rays are
converted directly into a digital image using an array of solid-state
detectors
The sum of the products of the absorbed organ dose and the respective
tissue-weighting factor for each specified organ as outlined by the ICRP.
The sum for all organs in the body should be 1
The active layer of chemical crystals suspended in a gelatin layer of film,
which is sensitive to light and radiation. It can also be used to describe the
radiation sensitive layer of intensifying screens.
Term used to describe the upright position of the patient
The amount of radiation produced from the X-ray tube by a predetermined set of exposure factors (voltage, current, time). The term
‘exposure’ is usually used to mean exposure factors.
A phenomenon whereby the introduction of image manipulation in CR
and DR has resulted in higher patient exposures to avoid images with
quantum mottle
Abbreviation for focal-film-distance, the distance from the focal point
(origin) of the X-ray beam to the image receptor. Also known as the
source-image-distance (SID)
Degree of blackening on a film. This increases as exposure to the film
increases. It can be radiographic, where the degree of blackening is
caused by the deposit of metallic silver, or tissue, where the greater
density of the tissue causes more attenuation of the x-ray beam and thus
appears lighter on the radiograph
A specialized, coloured glass window, fitted to a safelight in a darkroom
that enables the safe handling of X-ray film
A sheet of metal (usually aluminium) fitted to the port of an X-ray tube to
filter out the low wavelength X-ray photons
Dissolves off all unwanted film emulsion and makes the image permanent
The area on the X-ray tube anode where the X-rays are produced
Unwanted blackening of a film, which is commonly caused by scattered
radiation reaching the unprocessed film or light fog caused by unwanted
white light reaching the unprocessed film
The number of different shades or levels of gray that can be stored and
displayed by a computer system. The number of gray levels is directly

related to the number of bits in each pixel: 6 bits = 64 gray levels, 7 bits =
129 gray levels, 8 bits = 256 gray levels, 10 bits = 1024 gray levels and 12
bits = 4096 gray levels.
Grid
See “Anti-scatter grid”
Image receptor
A device that is used to capture the difference in X-ray beam energies
after passing through an object and then converting it to an image. It may
be a film and cassette, phosphorescent screen (for CR) or a flat-panel
detector (for DR)
Intensifying screen Radiation sensitive screens, placed inside a cassette on either side of the
film, which fluoresce when struck by radiation, the light emitted
significantly contributing to the blackening effect on the film
kV
Abbreviation for kilo-voltage, it is an X-ray exposure factor that controls
the penetrating power and thus quality of the X-ray beam. It also affects
the image contrast (higher kV = lower contrast)
Lateral
A description of the projection whereby the x-ray beam path travels
either from the left to right side or right to left side of the patient
Lossless compression A compressed digital image that is perfectly reconstructed and
numerically identical to the original.
Lossy compression A compressed image where some data are discarded, never to be
recovered. The frequency content to which the human eye is insensitive is
removed. The original image is not identical to the decompressed version
mA
Abbreviation for milli-amperes, it is an X-ray exposure factor that controls
the intensity of radiation and therefore film density and patient dose
(higher mA = higher film density = higher patient dose)
mAs
Abbreviation for milli-ampere seconds, it is the multiple of the mA and the
exposure time (in seconds) and refers to the quantity or density of
radiation to which the patient is exposed. The density can be controlled
by setting either the mAs as one factor or setting the mA and time
separately
Natural background radiation
The amount of radiation to which a population is exposed from natural
resources, such as terrestrial radiation resulting from naturally occurring
radionuclides in the soil and cosmic radiation originating in outer space
Oxidation
A weakening of the developer strength caused by prolonged exposure to
air
PA
Abbreviation for postero-anterior, which describes the projection
whereby the x-ray beam path travels from the posterior to anterior parts
of the patient
Penetration
The ability of the X-ray beam to penetrate structures, as determined by
the energy of the beam (controlled by kV)
Primary beam
Radiation emitted from the X-ray tube that has not reached the patient or
object being imaged
Processing
The chemical treatment of an exposed X-ray film that results in the
production of an X-ray image
Quality (image)
The appropriate level of contrast, definition and patient positioning in the
demonstration of the required body parts of an image to allow the image
to be appropriately read
Radiolucent
The property of a structure to wholly or partially allow the passage of Xrays
Radiopaque
The property of a structure to wholly or partially stop the passage of Xrays
Resolution
The ability of an imaging system to differentiate between objects

Scatter (radiation)
SID
Sievert
Supine

Secondary radiation that has been changed in direction from the primary
beam
Abbreviation for source-to-image distance, the distance from the focal
point (origin) of the X-ray beam to the image receptor. Also known as the
focal-film-distance (FFD)
The unit of equivalent dose and effective dose, equal to 1 J/kg in the
international system of units
A term used to describe a patient lying horizontal on their back
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