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Introduction

In this article immobilization equipment and safety measures used
during radiographic imaging in childhood are presented. Pediatric
radiologists and radiographers should work together to provide a
child friendly environment during imaging, to minimize the stress
for the patient and parents, and to facilitate the child’s cooperation.
The maximum information possible must be gained from the radio-
graphic procedure. Considerable skill and experience are required
to obtain the best possible image in the shortest possible time. It is
the responsibility of the radiology department to use proper imag-
ing protocols and parameters for the size of the child. Equipment in
a child friendly imaging department needs to be user friendly. The
visual appearance of the equipment is also important to make it less
frightening for children. It is important to choose the proper ancillary
equipment for immobilization during radiographic procedure and ex-
plain to parents the importance of using it. The main goal of the im-
mobilization equipment is to prevent unwanted movement, thereby
shortening the time of the procedure, avoiding unnecessary repetitions
of radiographic procedures and thus enlargement of the dose. At the
same time, immobilization and protection equipment helps to avoid
unnecessary exposure of parents taking part in radiographic procedure
to ionizing radiation. Conclusion Proper use of children’s immobili-
zation and radiation protection equipment, together with an adjusted
imaging technique, results in a quicker radiation procedure and lower
radiation dose.

patients, because children are more sensitive
to radiation exposure than adults, and have a

Even though radiation is part of our envi-
ronment, it can be used for good purposes
in medical services. When using radiation in
medical diagnostics the risk on the one hand
and the benefit on the other are considered
(1). The principles of radiation protection in
medicine apply wherever ionizing radiation
is used for diagnosis or therapy. This is par-
ticularly important in the case of pediatric

longer potential lifespan in which radiation-
induced diseases may appear decades later.
Risks associated with ionizing radiation can
be divided into the stochastic and determin-
istic effects (2). Deterministic effects have a
threshold dose below which the effects do
not occur (> 0.1 gray-Gy): the threshold dose
for skin reddening is 3 to 6 Gy, for detectable
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opacity of the eye lens 0.5 to 2 Gy, for tempo-
rary hair loss 4 Gy, and for permanent steril-
ity 2.5 to 6 Gy (3). They generally occur after
high-dose exposures and are most important
in radiotherapy and high-dose interventional
procedures, but they are not expected in di-
agnostic procedures (2). Stochastic effects are
also considered (4). The probability of their
occurrence, but not their severity, depends
on the radiation dose. Stochastic effects are
more random, which means that the occur-
rence of individual events cannot be pre-
dicted, and it cannot be determined whether
genetic changes or induction of cancer may
occur, regardless of the dose absorbed. There
are no threshold doses above which these ef-
fects will definitely occur (5). Stochastic ra-
diation risks are carcinogenesis and genetic
effects. Children are ten times more sensitive
to the stochastic effects of ionizing radiation
than adults, due to the higher rate of dividing
cells (6). This is the reason why special atten-
tion should be paid to children when using
radiation.

E:

Fig. 1 Chest X-ray immobilization (“baby-fix”): position and fixation of the baby (raised arm, lead rubber

In this study immobilization and radia-
tion protection equipment are presented,
including their purpose (prevention of un-
wanted movement) and role (optimization
of radiation exposure) during different radio-
graphic procedures.

Immobilization equipment

Both adults and children usually fear the un-
known. For a child, diagnostic imaging rep-
resents a world of equipment, strangers and
shiny technology, and most departments are
noisy and busy. First of all, the environment
should be made as friendly as possible for
children, and a sense of trust should be de-
veloped between the radiographer, the child
and the parents. Parents are actively involved
in the procedure: they calm, comfort, and
undress the baby, if necessary. Before using
immobilization ancillary equipment, it is
necessary to take some time and explain to
the parents why (to prevent unwanted move-
ment and repetition of procedure) and how

apron for gonadal protection) in a) antero-posterior and b) lateral position. The shadow of equipment seen on
¢) antero-posterior and d) lateral radiograms (black arrows).
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arrows), gonad shielding made of lead rubber (red arrow), c) shadows of immobilization equipment seen on
radiogram.

Fig. 3 Mulda: a) immobilization equipment used for contrast imaging of the gastrointestinal tract (specially
designed shape). Working environment adapted for children with toys and stickers, b) shadows of immobiliza-
tion equipment seen on radiogram (horizontal arrow and fasting strap - vertical arrow).

particular ancillary equipment is used during
the radiographic procedure. Immobilization
is performed by the radiographer. During the
radiographic procedure, parents are asked to
leave the examination room. Sometimes, if
an ancillary tool cannot be used, one of the
parents (usually the male, avoiding any un-
known pregnancy in the woman) is asked to
hold his/her child in the requested position.
In this case, the parent has to use personal

protection equipment (lead coat, thyroid col-
lar and lead glasses) (1).

The main purposes of good immobiliza-
tion, proper use of radiation protection and
adjusted imaging techniques are to shorten
the duration of the radiation procedure,
avoiding repetition, and thus limiting the
children’s exposure to radiation. Immobiliza-
tion equipment can be seen on the radiogram
as a darker shadowed area, but is does not
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affect the diagnostic evaluation of the ra-
diogram. The role of the radiographer is to
use the appropriate positioning of the child,
when using immobilization tools, without af-
fecting the diagnostic purpose of the imagin-
ing. (Fig. 1c and 1d; Fig. 2¢; Fig. 3b). The
quality of immobilization instruments has to
be regularly checked to ensure their proper
functioning, so that they are safe for use. The
most important immobilization equipment

used in childhood is described below.

Chest x-ray immobilization

Chest x-ray immobilization, known as “ba-
by-fix”, is an ancillary tool, mostly used for
chest x-ray imaging in pediatric radiology. It
may also be used for head and spinal imaging
(1). It is made of Plexiglass and is shaped like
a tube with rubber straps, making it possible
to fix the child safely. Depending on the size
and the weight of the child, different sizes
of chest x-ray immobilization are available.
Correct positioning of the child in the chest
x-ray immobilization equipment is impor-
tant to obtain useful diagnostic chest radiog-
raphy. This is achieved by placing the child
in a “baby-fix” with the hands raised over the
head and binding them with rubber straps
around the wrists. By doing this the shoul-
der blades are projected outside the lung
area. Then the body of the baby is stretched
and aligned with the legs. Symmetry of the
chest should be kept in mind. A foam pad
is placed on the lower part of the abdomen
and fixed with straps. Finally the head is fixed
above the forehead. The “baby-fix” with the
child inside is hung in front of the detector
and fixed with a rubber strap. The abdomen
and gonads are shielded with a lead rubber
apron (Fig. 1). All these provide the optimal
conditions for imaging. Due to the influ-
ence of the 0.5 cm perspex, the radiographer
should slightly increase exposure factors. The
radiographer may use automatic or manual

exposure. When using automatic exposure, a
middle ionization cell must be selected, due
to the small investigation area. Also, accurate
centering is of great significance, so that ex-
posure may be interrupted on time. Close
collimation on four sides onto the outer chest
margins and shielding the gonads must be
kept in mind.

Immobilization equipment for voiding

cystourethrography
The child is placed in a specially designed

Plexiglass fixator and fastened with stripes
over thorax and thighs (Fig. 2). It allows a
quick turn to the lateral position during ure-
thra evaluation. It is possible to achieve cor-
rect positioning and collimating the field of
vision only to the area of interest. For boys
the gonads shields of different sizes are used,
while for girls protection of the gonads can-
not be used, because it could cover part of
the examination (1). Proper fluoroscopy
techniques are required to minimize the ba-
by’s exposure to radiation. Nowadays pulsed
fluoroscopy is used, because a lower radiation
dose can be achieved compared to continu-
ing fluoroscopy. Pulses at the lowest possible
rate (less than 5 pulses per second) and a nar-
rower pulse width, reduce radiation expo-
sure. During the procedure, the radiographer
can change the pulse rate depending on the
needs of the procedure. For example, when
evaluating voiding, a higher pulse rate is re-

quired (3, 7).

The immobilization equipment for
gastroenterological imaging (mulda)

The immobilization equipment using dur-
ing contrast imaging of gastrointestinal tract
is made of Plexiglass and has a specially de-
signed shape (Fig. 3). It is called a “mulda”.
The contrast medium may be administered
per os or through a rectal tube (using the hole




on the bottom of the mulda) by a trained
nurse. The mulda is connected to a handle
which allows movement in various directions
(up, down, 360° rotation), so the radiologist
is able to monitor the contrast medium in
different projections. Two sizes of mulda are
available on the market, depending on body
mass. The smaller one is used for babies up to
6 kilograms and the larger one for babies up
to 15 kilograms (1).

The child is placed in the mulda, fastened
with straps over the ankles and both hands,
and, if necessary, over the forehead. A foam
pad is put on the belly and fastened with
straps. The x-ray protection is used so that
it does not interfere with the procedure. The
only exceptions are enemas where x-ray pro-
tection cannot be used, because it could cov-
er or obscure the examined part of the bowel
(1). Adjusted fluoroscopy technique should
be kept in mind as described above (3).

Fastening straps and sandbags

The straps are used for younger children, or
restless and excitable older children. They
are made of non-radiopaque material with a
stretching mechanism, which allows regula-
tion of the strap pressure (1).The straps are
fixed on both sides of the examination table
and the child is fixed over the stomach or
thighs. The child is protected with a lead rub-
ber apron, placed so that it does not cover
the part being examined. Different sizes of
sandbags help to support and achieve sym-
metry of the examined part, and to prevent
movement of the arms and legs when dealing
with non-cooperative patients (1).

Radiation protection equipment

The concept of optimization refers to ensur-
ing the quality of the equipment and using
it in the optimal way, as well as minimizing
radiation exposure, while maximizing image
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quality. Therefore the choice of radiographic
procedure and how to perform it is crucial.
The doses obtained at radiographic proce-
dures differ depending on the type of the
procedure and the way it is performed (3).
The best results and least stress are obtained
by introduction of some preventive measures.
First of all, assuring a safe environment for
children and other subjects involved in the
procedure should be achieved by using the
available x-ray protection, preventing expo-
sure of pregnant girls (because of early sexual
activity in teenagers - be alert with girls 13 or
14 years old) and mothers who bring their
child for the examination. Good communi-
cation with a child and his/her parents is the
next step to perform quality diagnostic imag-
ing. It is necessary to obtain signed parental
informed consent. The general principle for
protection from radiation, known as ALARA
(As Low As Reasonably Achievable), should
be respected (1, 3). The exposure for radia-
tion in x-ray procedures must be as low as is
reasonably achievable with consideration of
the expected goals of the procedure, econo-
my, and social factors.

Personal radiation protection equipment
is made of lead and rubber, and is used to
cover parts of body that are not in the prima-
ry beam, for the patient and the accompany-
ing persons (1). It includes coats, aprons, go-
nad shields of various sizes, blankets, collars
for thyroid protection, gloves, and glasses (1).
Lead protection equipment should always be
used during radiographic procedures: the
choice of protection depends on the part be-
ing examined. It is important not to cover/
obscure the examined part, but all others
parts must be protected. Lead protection
must be at least 0.25 cm thick for staff and
accompanying persons, and there must be at
least 0.5 c¢m of lead shielding for any body
part that may enter into the direct radiation
beam which is not under investigation. For
gonads, 1 cm of lead is used.
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Conclusion

Radiographers need to have various skills
when working with pediatric patients. Each
patient age group has its own complexity;
therefore radiographers need expertise in
more than just imaging procedures. Radiog-
raphers must always provide the necessary
information and guidance to parents first to
help keep the child still, particularly when
the child is not cooperative. Patient safety is
always in first place. The radiographic pro-
cedure (imaging techniques and exposure),
radiation protection and immobilization
equipment (prevention of unwanted move-
ment) should be adjusted to the child’s clini-
cal condition and specific diagnostic issue.
The result of such work is a lower radiation
dose and higher quality radiograms, which
allow clinicians to reach a diagnosis and pre-
scribe the proper treatment.
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